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1.1. Definition  
1. The Definition of Remote Sensing In the broadest sense, the 

measurement or acquisition of information of some property of an object 
or phenomenon, by a recording device that is not in physical or intimate 
contact with the object or phenomenon under study; e.g., the utilization 
at a distance (as from aircraft, spacecraft, or ship) of any device and its 
attendant display for gathering information pertinent to the environment, 
such as measurements of force fields, electromagnetic radiation, or 
acoustic energy. The technique employs such devices as the camera, 
lasers, and radio frequency receivers, radar systems, sonar, 
seismographs, gravimeters, magnetometers, and scintillation counters. 

2. "Remote sensing is the science (and to some extent, art) of acquiring 
information about the Earth's surface without actually being in contact 
with it. This is done by sensing and recording reflected or emitted 
energy and processing, analyzing, and applying that information." 
In much of remote sensing, the process involves an interaction between 
incident radiation and the targets of interest. This is exemplified by the 
use of imaging systems where the following seven elements are 
involved as shown in the figure No.1. Note, however that remote 
sensing also involves the sensing of emitted energy and the use of non-
imaging sensors. 

3. The practice of data collection in the wavelengths from ultraviolet to 
radio regions. This restricted sense is the practical outgrowth from 
airborne photography. Sense (1) is preferred and thus includes regions 
of the EM spectrum as well as techniques traditionally considered as 
belonging to conventional geophysics. 
As humans, we are intimately familiar with remote sensing in that we 
rely on visual perception to provide us with much of the information 
about our surroundings. As sensors, however, our eyes are greatly 
limited by 1) sensitivity to only the visible range of electromagnetic 
energy; 2) viewing perspectives dictated by the location of our bodies; 
and 3) the inability to form a lasting record of what we view. Because of 
these limitations, humans have continuously sought to develop the 
technological means to increase our ability to see and record the 
physical properties of our environment. 
Beginning with the early use of aerial photography, remote sensing has 
been recognized as a valuable tool for viewing, analyzing, 
characterizing, and making decisions about our environment. In the past 
few decades, remote sensing technology has advanced on three fronts: 
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1) from predominantly military uses to a variety of environmental 
analysis applications that relate to land, ocean, and atmosphere 
issues; 

2)  From (analog) photographic systems to sensors that convert 
energy from many parts of the electromagnetic spectrum to 
electronic signals; and  

3)  From aircraft to satellite platforms. 
Today, we define satellite remote sensing as the use of satellite-borne 
sensors to observe, measure, and record the electromagnetic radiation 
reflected or emitted by the Earth and its environment for subsequent 
analysis and extraction of information. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1. Energy Source or Illumination (A) – the first requirement for remote sensing is 

to have an energy source which illuminates or provides electromagnetic energy to 
the target of interest. 

2. Radiation and the Atmosphere (B) – 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 as the energy travels from 
the target to the sensor. 

3. Interaction with the Target (C) - 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. 

4. Recording of Energy by the Sensor (D) - after the energy has been scattered by, 
or emitted from the target, we require a sensor (remote - not in contact with the 
target) to collect and record the electromagnetic radiation. 

Figure No.1: Element 
process for an interaction 
between incident radiation 
and the targets 
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5. Transmission, Reception, and Processing (E) - 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). 

6. Interpretation and Analysis (F) - the processed image is interpreted, visually 
and/or digitally or electronically, to extract information about the target which was 
illuminated. 

7. Application (G) - 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. 

These seven elements comprise the remote sensing process from beginning to end. 
  
1.2. Comparison to maps, GIS, aerial photography / Photogrammetry, 

SONAR 

Here will be given the main points of similarity and difference between the field of 
Remote Sensing (analysis and images) and the fields/products mentioned above. 
 
1.2.1 Satellite Images Vs Maps 
According to the International Cartographic Union, a map is “a conventionalized 
image representing selected features or characteristics of geographical reality, 
designed for use when spatial relationships are of primary importance”. This 
definition does declare that in every map there’s a process of selection present (and in 
addition - symbolization, abstraction and generalization), but also keeps the aura of 
scientific accuracy of a map. But, we should remember, that “a map shows us the 
world as we know it, and what we know, is a very complex subject, that is comprised 
of: 

• The limits of matter, technology and our measurement tools, 
• what we believe that exists, 
• what we think to be important, 
• and what we want and aspire to” 

Thus, a map is a subjective, for we always decide what to put on it, and how to 
represent it. A Remote Sensing image in contrast, is an objective recording of the 
Electromagnetic reaching the sensor. 
Another important difference is that a map is a projection of the earth on paper, 
without any relief displacements, while in a Remote Sensing image both relief 
displacements and geometrical distortions. 
 
1.2.2 Remote Sensing Vs GIS 
GIS (Geographic Information System) is a kind of software that enables: 

• The collection of spatial data from different sources (Remote Sensing being 
one of them). 

• Relating spatial and tabular data. 
• Performing tabular and spatial analysis. 
• Symbolize and design the layout of a map. 
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A GIS software can handle both vector and raster data (some handle only one of 
them). Remote Sensing data belongs to the raster type, and usually requires special 
data manipulation procedures that regular GIS does not offer. However, after a 
Remote Sensing analysis has been done, its results are usually combined within a GIS 
or into database of an area, for further analysis (overlaying with other layers, etc). In 
the last years, more and more vector capabilities are being added to Remote Sensing 
softwares, and some Remote Sensing functions are inserted into GIS modules. 
 
1.2.3 Remote Sensing Vs Aerial Photography / Photogrammetry 
Both systems gather data about the upper surface of the Earth, by measuring the 
Electromagnetic radiation, from airborne systems. The following major differences 
can be given: 

• Aerial photos are taken by an analog instrument: a film of a 
(photogrammetric) camera then scanned to be transformed to digital media. 
Remote Sensing data is usually gathered by a digital CCD camera. 

• The advantage of a film is its high resolution (granularity), while the 
advantage of the CCD is that we measure quantitatively the radiation reaching 
the sensor (radiance values, instead of a gray-value scale bar). Thus, Remote 
Sensing data can be integrated into physical equations of energy-balance for 
example. 

• An Aerial photograph is a central projection, with the whole picture taken at 
one instance. A Remote Sensing image is created line after line; therefore, the 
geometrical correction is much more complex, with each line (or even pixel) 
needing to be treated as a central projection. 

• Aerial photos usually gather data only in the visible spectrum (there are also 
special films sensitive to near infrared radiation), while Remote Sensing 
sensors can be designed to measure radiation all along the Electromagnetic 
spectrum. 

• Aerial photos are usually taken from planes, Remote Sensing images also from 
satellites. 

• Both systems are affected by atmospheric disturbances. Aerial photos mainly 
from haze (that is, the scattering of light – the process which makes the sky 
blue), Remote Sensing images also from processes of absorption. Atmospheric 
corrections to Aerial photos can be made while taking the picture (using a 
filter), or in post-processing, as in done Remote Sensing. Thermal Remote 
Sensing sensors can operate also at night time and Radar data is almost 
weather independent. 

• In Photogrammetry the main efforts are dedicated for the accurate creation of 
a 3D model, in order to plot with high accuracy the location and boundaries of 
objects, and to create a Digital Elevation Model, by applying sophisticated 
geometric corrections. In Remote Sensing the main efforts are dedicated for 
the analysis of the incoming Electromagnetic spectrum, using atmospheric 
corrections, sophisticated statistical methods for classification of the pixels to 
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different categories, and analyzing the data according to known physical 
processes that affect the light as it moves in space and interacts with objects. 

• Remote Sensing images are very useful for tracking phenomena on regional, 
continental and even global scale, using the fact that satellites cover in each 
image a wide area, and taking images all the time (whether fixed above a 
certain point, or “revisiting” the same place every 15 days (for example). 

• Remote Sensing images are available since the early 1970’s. Aerial photos 
provide a longer time span for landscape change detection. 

• Remote Sensing images are more difficult to process, and require trained 
personnel, while aerial photographs can be interpreted more easily. 
 

1.2.4 Remote Sensing Vs SONAR 
The SONAR can also be considered as Remote Sensing – that is, studying the 
surfaces of the sea (bathymetry and sea bed features) from a distance. The SONAR is 
an active type of Remote Sensing (like Radar; Not depending on an external source of 
waves, measuring the time between the transmission and reception of waves produced 
by our instruments, and their intensity), but using sound waves, and not 
Electromagnetic radiation. 
Both systems transmit waves through an interfering medium (water, air), that adds 
noise to the data we are looking for, and there for corrections must be applied to the 
raw data collected. In Remote Sensing however, Radar is considered to be almost 
weather independent, and atmospheric disturbances affect mainly passive Remote 
Sensing). To make these necessary corrections, both systems depend on calibration 
from field data (be it salinity, temperature and pressure measured by the ship while 
surveying, or measurements of the atmospheric profile parameters by a 
meteorological radiosonde for example). 
Sonar’s are mainly used to produce the bathymetry of the sea, while Remote Sensing 
techniques are focusing more on identification of the material’s properties than on its 
height. 
Echo-sounders (single or multi-beam) can be compared to Airborne Laser Scanning – 
both of them create point (vector) data containing X, Y, Z, that needs to be further 
post processed in order to remove noise (spikes). An added complexity when dealing 
with bathymetry (as opposed to topography) is the need for tide corrections. 
Side Scan SONAR can be compared to Side Looking Aperture RADAR, both of them 
creating images (raster) analyzing the surface. 
Another major difference is that in Remote Sensing the results of the analysis can be 
compared easily to the field (aerial photos, maps, field measurements), while in 
SONAR the underlying bottom of the sea is hidden from us, and we depend totally on 
the data gathered. 
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1.3. Applications in general   
As will be learned in the section on sensors, each one is designed with a specific 
purpose. With optical sensors, the design focuses on the spectral bands to be 
collected. With radar imaging, the incidence angle and microwave band used 
plays an important role in defining which applications the sensor is best suited for. 
Each application itself has specific demands, for spectral resolution, spatial 
resolution, and temporal resolution. There can be many applications for Remote 
Sensing, in different fields, as described below. Some applications relevant for 
hydrography and oceanography will be given in more detail. 
 

1.3.1 Agriculture 
Agriculture plays a dominant role in economies of both developed and 
undeveloped countries. Satellite and airborne images are used as mapping 
tools to classify crops, examine their health and viability, and monitor 
farming practices.  

 
1.3.2 Forestry 

Forests are a valuable resource providing food, shelter, wildlife habitat, fuel, and 
daily supplies such as medicinal ingredients and paper. Forests play an important 
role in balancing the Earth's CO2 supply and exchange, acting as a key link 
between the atmosphere, geosphere, and hydrosphere. 

1.3.3  Geology 
Geology involves the study of landforms, structures, and the subsurface, to 
understand physical processes creating and modifying the earth's crust. It is most 
commonly understood as the exploration and exploitation of mineral and 
hydrocarbon resources, generally to improve the conditions and standard of 
living in society. 

1.3.4 Hydrology 
Hydrology is the study of water on the Earth's surface, whether flowing 
above ground, frozen in ice or snow, or retained by soil. 

1.3.5 Landcover & Landuse 
Although the terms landcover and landuse are often used interchangeably, 
their actual meanings are quite distinct. Land cover refers to the surface 
cover on the ground, while Land use refers to the purpose the land serves. 
The properties measured with remote sensing techniques relate to land cover, 
from which land use can be inferred, particularly with ancillary data or a 
priori knowledge. 

 Land use applications of remote sensing include the following: 
• natural resource management 
• wildlife habitat protection 
• baseline mapping for GIS input 
• urban expansion / encroachment 
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• routing and logistics planning for seismic / exploration / resource 
extraction activities 

• damage delineation (tornadoes, flooding, volcanic, seismic, fire) 
• legal boundaries for tax and property evaluation 
• target detection - identification of landing strips, roads, clearings, 

bridges, 
• land/water interface 

 
1.3.6 Mapping 

Mapping constitutes an integral component of the process of managing land 
resources, and mapped information is the common product of analysis of 
remotely sensed data. Mapping applications of remote sensing include the 
following: 
• Planimetry: 

Land surveying techniques accompanied by the use of a GPS can be 
used to meet high accuracy requirements, but limitations include cost 
effectiveness, and difficulties in attempting to map large, or remote 
areas. Remote sensing provides a means of identifying and presenting 
planimetric data in convenient media and efficient manner. Imagery is 
available in varying scales to meet the requirements of many different 
users. Defence applications typify the scope of planimetry applications - 
extracting transportation route information, building and facilities 
locations, urban infrastructure, and general land cover. 
 

• Digital Elevation Models (DEM's): 
Generating DEMs from remotely sensed data can be cost effective and 
efficient. A variety of sensors and methodologies to generate such 
models are available and proven for mapping applications. Two primary 
methods if generating elevation data are 1. Stereogrammetry techniques 
using airphotos (Photogrammetry), VIR imagery, or radar data 
(radargrammetry), and 2. Radar interferometry. 

• Baseline thematic mapping / Topographic Mapping: 
As a base map, imagery provides ancillary information to the extracted 
planimetric or thematic detail. Sensitivity to surface expression makes 
radar a useful tool for creating base maps and providing reconnaissance 
abilities for hydrocarbon and mineralogical companies involved in 
exploration activities. This is particularly true in remote northern 
regions, where vegetation cover does not mask the microtopography and 
generally, information may be sparse. Multispectral imagery is excellent 
for providing ancillary land cover information, such as forest cover. 
Supplementing the optical data with the topographic relief and textural 
nuance inherent in radar imagery can create an extremely useful image 
composite product for interpretation. 
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2.1 Electromagnetic energy 
Electromagnetic energy refers to all energy that moves with the velocity of light in a 
harmonic wave pattern. The word harmonic implies that the component waves are 
equally and repetitively spaced in time. The wave concept explains the propagation of 
Electromagnetic energy, but this energy is detectable only in terms of its interaction 
with matter. In this interaction, Electromagnetic energy behaves as though it consists 
of many individual bodies called photons that have such particle-like properties as 
energy and momentum. 
Electromagnetic waves can be described in terms of their: 

• Velocity: The speed of light,(C=3×10 P

8
P m/sec). 

• Wavelength: l, the distance from any position in a cycle to the same position 
in the next cycle, measured in the standard metric system. Two units are 
usually used: the micrometer (mm, 10 P

-6
Pm) and the nanometer (nm, 10 P

-9
Pm). 

• Frequency: f, the number of wave crests passing a given point in specific unit 
of time, with one hertz being the unit for a frequency of one cycle per second. 

 Wavelength and frequency are related by the following formula: 
   C = 𝛌𝛌* f 
Electro-Magnetic radiation consists of an electrical field (E) which varies in 
magnitude in a direction perpendicular to the direction in which the radiation is 
traveling, and a magnetic field (M) oriented at right angles to the electrical field. Both 
these fields travel at the speed of light (c). 
 
 
 

 
 
 
 
 
 
 
 

Figure 2: Electro-Magnetic radiation & Wavelength with frequency  
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2.2 Interaction mechanisms 
A number of interactions are possible when Electromagnetic energy encounters 
matter, whether solid, liquid or gas. The interactions that take place at the surface of a 
substance are called surface phenomena. Penetration of Electromagnetic radiation 
beneath the surface of a substance results in interactions called volume phenomena. 
The surface and volume interactions with matter can produce a number of changes in 
the incident Electromagnetic radiation; primarily changes of magnitude, direction, 
wavelength, polarization and phase. The science of Remote Sensing detects and 
records these changes. The resulting images and data are interpreted to identify 
remotely the characteristics of the matter that produced the changes in the recorded 
Electromagnetic radiation. 
The following interactions may occur: 

• Radiation may be transmitted, that is, passed through the substance. The 
velocity of Electromagnetic radiation changes as it is transmitted from air, or a 
vacuum, into other substances. 

• Radiation may be absorbed by a substance and give up its energy largely to 
heating the substance. 

• Radiation may be emitted by a substance as a function of its structure and 
temperature. All matter at temperatures above absolute zero, 0°K, emits 
energy. 

• Radiation may be scattered, that is, deflected in all directions and lost 
ultimately to absorption or further scattering (as light is scattered in the 
atmosphere). 

• Radiation may be reflected. If it is returned unchanged from the surface of a 
substance with the angle equal and opposite to the angle of incidence, it is 
termed specular reflectance (as in a mirror). If radiation is reflected equally in 
all directions, it is termed diffuse. Real materials lie somewhere in between. 
 

 
 
 
 
 
 
 
 
 
 
 
 
The interactions with any particular form of matter are selective with regard to the 
Electromagnetic radiation and are specific for that form of matter, depending 
primarily upon its surface properties and its atomic and molecular structure. 
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2.3 Laws regarding the amount of energy radiated from an object 
2.3.1 Planck Radiation Law 
The primary law governing blackbody radiation is the Planck Radiation Law, which 
governs the intensity of radiation emitted by unit surface area into a fixed direction 
(solid angle) from the blackbody as a function of wavelength for a fixed temperature. 
The Planck Law can be expressed through the following equation. 
 

𝐸𝐸(𝜆𝜆, 𝑇𝑇) =
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝑐𝑐

𝜆𝜆 .𝑘𝑘 .𝑇𝑇� − 1
 

 
T = is physical (kinetic) temperature  
ℎ = 6.625 × 10−27 𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑒𝑒𝑐𝑐        (Planck Constant)  
𝑘𝑘 = 1.38 × 10−16 𝑒𝑒𝑒𝑒𝑒𝑒/𝐾𝐾               (Boltzman Constant)  
𝑐𝑐 = 3 × 108 𝑐𝑐𝑐𝑐/𝑠𝑠𝑒𝑒𝑐𝑐                       (Speed light)  
Every object with a temperature above the absolute zero radiates energy. The 
relationship between wavelength and the amount of energy radiated at different 
wavelengths, is shown in the following figure, and formulated above. 
 

 
The figure shows the emitted radiance of the Earth and the Sun as Black Bodies (each 
given on a different Y scale), according to Plank Law, and also the effective radiance 
of the sun reaching the Earth. It can be seen, that from about 2-3 mm the radiance 
emitted from the Earth is greater than reaching us from the Sun (both of them 
presented on the same scale). 
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2.3.2 Wien’s displacement law 
For an object at a constant temperature the radiant power peak refers to the 
wavelength at which the maximum amount of energy is radiated, which is expressed 
as l max. The sun, with a surface temperature of almost 6000°K, has its peak at 
0.48mm (wavelength of yellow). The average surface temperature of the earth is 
290°K (17°C), which is also called the ambient temperature; the peak concentration 
of energy emitted from the earth is at 9.7mm. This shift to longer wavelengths with 
decreasing temperature is described by Wien’s displacement law, which states: 

𝐿𝐿𝑐𝑐𝑚𝑚𝑚𝑚 =  
2897𝑐𝑐𝑐𝑐°𝐾𝐾

𝑇𝑇𝑒𝑒𝑚𝑚𝑟𝑟 °𝐾𝐾
 

 
2.3.3 Black body concept, Emissivity and Radiant Temperature 
Temperature is a measure of the concentration of heat. The concentration of kinetic 
heat of a body of material may be called the kinetic temperature, TRkinR and is measured 
by a thermometer placed in direct contact with the material. 
By definition a black body is a material that absorbs all the radiant energy that strikes 
it. A black body also radiates the maximum amount of energy, which is dependent on 
the kinetic temperature. According to the Stefan-Boltzman law the radiant flux of a 
black body, FRbR, at a kinetic temperature, TRkinR, is FRbR = s× TRkinRP

4
P where s is the Stefan- 

Boltzman constant, 5.67×10 P

-12
P W*cm P

-2
P*°KP

-4
P. 

A black body is a physical abstraction, for no material has an absolute absorptivity, 
and no material radiates the full amount of energy as defined in the equation above. 
For real materials a property called emissivity, e, has been defined, as e=Fr/Fb, where 
Fr is radiant flux from a real material. For a black body e=1, but for all real materials 
e<1. Emissivity is wavelength dependent, which means that the emissivity of a 
material is different when, is measured at different wavelengths of radiant energy 
(Each material has both a reflectance spectrum and an emissivity spectrum – see 
later). 
In the next table are given the average emissivities of various materials in the 8 to 
12mm wavelength region (thermal), which is used in Remote Sensing. 

Material  Emissivity ,e 
Polished metal surface 0.006 
Granite 0.815 
Quartz sand, large grains 0.914 
Dolomite, polished 0.929 
Basalt, rough 0.934 
Asphalt paving 0.959 
Concrete walkway 0.966 
A coat of flat black paint 0.970 
Water, with a thin film of petroleum 0.972 
Water, pure 0.993 

 
Thus, the radiant flux of a real material may be expressed as FRrR = e*s* TRkinRP

4
P . 

Emissivity is a measure of the ability of a material to both radiate and absorb energy. 
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Materials with a high emissivity absorb and radiate large proportions of incident and 
kinetic energy, respectively (and vice-versa). The result is that two surfaces, with the 
same kinetic temperature but with a different emissivity will have a different radiant 
temperature. As Remote Sensing devices measure the radiant temperature, in order to 
derive the kinetic temperature of the object, we need to know its emissivity, that is, w 
need to be able to identify the material (see later, in the chapter about atmospheric 
corrections). Then we can apply the following equation: TRradR=eP

1/4
PTRkinR . 

 
2.4 Electromagnetic Spectrum 
The Electromagnetic spectrum is the continuum of energy ranging from kilometers to 
nanometers in wavelength. This continuum is commonly divided into the following 
ranges, called spectral bands, the boundaries between them being gradational. 
A passive Remote Sensing system records the energy naturally radiated or reflected 
from an object. An active Remote Sensing system supplies its own source of energy, 
which is directed at the object in order to measure the returned energy. Flash 
photography is active Remote Sensing in contrast to available light photography, 
which is passive. Another common form of active Remote Sensing is radar, which 
provides its own source of Electromagnetic energy in the microwave region. Airborne 
laser scanning is a relatively new form of active Remote Sensing, operating the in the 
visible and Near Infra Red wavelength bands. 
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2.4.1 Wavelength bands 
Band Wavelength Remarks 

Gamma ray <0.03 nm Incoming radiation from the sun is completely absorbed 
by the upper atmosphere, and is not available for Remote 
Sensing. 
Gamma radiation from radioactive minerals is detected 
by low-flying aircraft as a prospecting method. 

X- ray 0.03 to 0.3 
nm 

Incoming radiation is completely absorbed by 
atmosphere. Not employed in Remote Sensing. 

Ultraviolet, 
UV 

3 nm to 0.4 
mm 

Incoming UV radiation atmosphere wavelengths <0.3 
mm is completely absorbed by ozone in the upper 
atmosphere. 

Photographic 
UV 

0.3 to 0.4 
mm 

Transmitted through the atmosphere. Detectable with 
film and photodetectors, but atmospheric scattering is 
severe. 

Visible 0.4 to 0.7 
mm 

Detected with film and photodetectors. Includes earth 
reflectance peak at about 0.5 mm. 

Infrared, IR 0.7 to 300 
mm 

Interaction with matter varies with wavelength. 
Atmospheric transmission windows are separated by 
absorption bands. 

Reflected IR 0.7 to 3 mm This is primarily reflected solar radiation and contains no 
information about thermal properties of materials. 
Commonly divided into the following regions: 
· Near Infra Red (NIR) between 0.7 to 1.1 mm. 
· Middle Infra Red (MIR) between 1.3 to 1.6 mm. 
· Short Wave Infra Red (SWIR) between 2 to 2.5 mm. 
Radiation from 0.7 to 0.9 mm is detectable with film and 
is called photographic IR radiation. 

Thermal IR 3 to 5 mm 
8 to 14 mm 

These are the principal atmospheric windows in the 
thermal region. Imagery at these wavelengths is acquired 
through the use of optical-mechanical scanners, not by 
film. 

Microwave 0.3 to 300 
cm 

These longer wavelengths can penetrate clouds and fog. 
Imagery may be acquired in the active or passive mode. 

Radar 0.3 to 300 
cm 

Active mode of microwave Remote Sensing. 

2.4.2 Atmosphere effects 
Our eyes inform us that the atmosphere is essentially transparent to light, and we tend 
to assume that this condition exists for all Electromagnetic radiation. In fact, however, 
the gases of the atmosphere selectively scatter light of different wavelengths. The 
gases also absorb Electromagnetic energy at specific wavelength intervals called 
absorption bands. The intervening regions of high energy transmittance are called 
atmospheric transmission bands, or windows. The transmission and absorption bands 



University of Technology  
Building & Construction Department / Remote Sensing & GIS lecture  

 

)14-8 | P a g e ( 
 

are shown in the following figure, together with the gases responsible for the 
absorption bands. 
Particles and gases in the atmosphere can affect the incoming light and radiation. 
These effects are caused by the mechanisms of scattering and absorption. 
2.4.2.1 Scattering 
Scattering occurs when particles or large gas molecules present in the atmosphere 
interact with and cause the electromagnetic radiation to be redirected from its original 
path. How much scattering takes place depends on several factors including the 
wavelength of the radiation, the abundance of particles or gases, and the distance the 
radiation travels through the atmosphere. There are three (3) types of scattering which 
take place. 
Rayleigh scattering occurs when particles are very small compared to the 
wavelength of the radiation. These could be particles such as small specks of dust or 
nitrogen and oxygen molecules. Rayleigh scattering causes shorter wavelengths of 
energy to be scattered much more than longer wavelengths. Rayleigh scattering is the 
dominant scattering mechanism in the upper atmosphere. The fact that the sky appears 
"blue" during the day is because of this phenomenon. As sunlight passes through the 
atmosphere, the shorter wavelengths (i.e. blue) of the visible spectrum are scattered 
more than the other (longer) visible wavelengths. At sunrise and sunset the light has 
to travel farther through the atmosphere than at midday and the scattering of the 
shorter wavelengths is more complete; this leaves a greater proportion of the longer 
wavelengths to penetrate the atmosphere (thus the sky is “painted” in red). 

 
Mie scattering occurs when the particles are just about the same size as the 
wavelength of the radiation. Dust, pollen, smoke and water vapour are common 
causes of Mie scattering which tends to affect longer wavelengths than those affected 
by Rayleigh scattering. Mie scattering occurs mostly in the lower portions of the 
atmosphere where larger particles are more abundant, and dominates when cloud 
conditions are overcast. 
The final scattering mechanism of importance is called nonselective scattering. This 
occurs when the particles are much larger than the wavelength of the radiation. Water 
droplets and large dust particles can cause this type of scattering. Nonselective 
scattering gets its name from the fact that all wavelengths are scattered about equally. 
This type of scattering causes fog and clouds to appear white to our eyes because 
blue, green, and red light are all scattered in approximately equal quantities 
(Blue+Green+Red light = white light). 
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2.4.2.2 Absorption  
Absorption is the other main mechanism at work when electromagnetic radiation 
interacts with the atmosphere. In contrast to scattering, this phenomenon causes 
molecules in the atmosphere to absorb energy at various wavelengths. Ozone, carbon 
dioxide, and water vapour are the three main atmospheric constituents which absorb 
radiation. 
Any effort to measure the spectral properties of a material through a planetary 
atmosphere, must consider where the atmosphere absorbs. For example, the Earth's 
atmospheric transmittance is shown in next Figure. The drop toward the ultraviolet is 
due to scattering and strong ozone absorption at wavelengths short of 0.35 μm. Ozone 
also displays an absorption at 9.6 μm. Oxygen absorbs at 0.76 μm in a narrow feature. 
CO2 absorbs at 2.01, 2.06, and a weak doublet near 1.6 μm. Water causes most of the 
rest of the absorption throughout the spectrum and hides additional (weaker) 
absorptions from other gases. The mid-IR spectrum in following Figure shows the 
effect of doubling CO2, which in this case is small compared to the absorption due to 
water. While we will see that the spectral region near 1.4 and 3 μm can be diagnostic 
of OH-bearing minerals, we can't usually use these wavelengths when remotely 
measuring spectra through the Earth's atmosphere (it has been done from high 
elevation observatories during dry weather conditions). Those areas of the spectrum 
which are not severely influenced by atmospheric absorption and thus, are useful to 
remote sensors are called atmospheric windows. 
However, these spectral regions can be used in the laboratory where the atmospheric 
path lengths are thousands of times smaller, or when measuring spectra of other 
planets from orbiting spacecraft. 

 
 

Figure: Modtran (Berk et al., 1989) modeled atmospheric transmittance, visible to near-
infrared. Most of the absorptions are due to water. Oxygen occurs at 0.76 μm, carbon 
dioxide at 2.0 and 2.06 μm. 
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Figure: Atmospheric transmittance, mid-infrared is compared to scaled grey-body spectra. 
Most of the absorption is due to water. Carbon dioxide has a strong 15-μm band, and the 
dotted line shows the increased absorption due to doubling CO2. Also shown is the black-
body emission at 288 K and the grey-body emission from water and a sandstone scaled to 
fit on this transmittance scale. The water and sandstone curves were computed from 
reflectance data using: 1 - reflectance times a black-body at 288 Kelvin. 
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2.4.3 Reflectance spectra  
Albedo, is defined as the ratio of the amount of electromagnetic energy reflected by a 
surface to the amount of energy incident upon it. It differs from spectral reflectance, 
since usually albedo is averaged over the visible range of the Electro-Magnetic 
spectrum, while the term reflectance relates to a specific wavelength (or a specific 
band of a satellite). 

 
 
 
 
 
 
 
 
 
 

Example: Calculate the frequency of electromagnetic radiation with a wavelength of 
700 nm? 

Solution: 

𝑐𝑐 = 𝑓𝑓𝜆𝜆       :     Therefore    𝑓𝑓 =  𝑐𝑐
𝜆𝜆
      ⇒  𝑓𝑓 = 3×108

700×10−9 

𝑓𝑓 = 4.28 × 1014  Hz 

Example: What percentage does the visible light range cover if the available range 
extends to 30 cm? 

Solution: 

Available range= 30 cm= 30×10 P

4 𝜇𝜇𝑐𝑐 

Visible spectrum= (𝐵𝐵𝐵𝐵𝐵𝐵𝑒𝑒 0.4 − 0.5𝜇𝜇𝑐𝑐; 𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝐺𝐺 0.5 − 0.6 𝜇𝜇𝑐𝑐; 𝑅𝑅𝑒𝑒𝑟𝑟 0.6 − 0.7𝜇𝜇𝑐𝑐) 

Visible range= 0.4 𝜇𝜇𝑐𝑐 to 0.7𝜇𝜇𝑐𝑐; 𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒= 0.3 𝜇𝜇𝑐𝑐 

Figure: Reflectance spectra of photosynthetic (green) vegetation, non-
photosynthetic (dry) vegetation, and a soil. The green vegetation has absorptions 
short of 1 μm due to chlorophyll. Those at wavelengths greater than 0.9 μm are 
dominated by liquid water. The dry vegetation shows absorptions dominated by 
cellulose, but also lignin and nitrogen. These absorptions must also be present in 
the green vegetation, but can be detected only weakly in the presence the stronger 
water bands. The soil spectrum shows a weak signature at 2.2 μm due to 
montmorillonite. 
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Therefore,  

𝑃𝑃𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝐺𝐺𝑃𝑃𝑚𝑚𝑒𝑒𝑒𝑒 𝑜𝑜𝑓𝑓 𝑒𝑒𝑚𝑚𝐺𝐺𝑒𝑒𝑒𝑒 𝑐𝑐𝑜𝑜𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟 𝑏𝑏𝑏𝑏 𝐴𝐴𝑣𝑣𝑠𝑠𝑣𝑣𝑏𝑏𝐵𝐵𝑒𝑒 𝐵𝐵𝑣𝑣𝑒𝑒ℎ𝑃𝑃 =
0.3

30 × 104 × 100

= 10−4𝑝𝑝𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝐺𝐺𝑃𝑃 

Example: What is the wavelength of electromagnetic radiation which has a frequency 
of 5×10P

10 
PHz? What type of electromagnetic radiation has this wavelength? 

Solution: 

𝜆𝜆 =
𝑐𝑐
𝑓𝑓

=
3 × 108

5 × 1010 = 0.6 × 10−2𝑐𝑐 = 0.6 𝑐𝑐𝑐𝑐 

Electromagnetic radiation with a wavelength of  0.6 cm is within the microwave part 
of the electromagnetic spectrum. 

Example: Calculate the temperature of a black body if the measured energy output is 
3544 WmP

-2 
P? 

Solution: 

𝑀𝑀 =  𝜎𝜎 𝑇𝑇4    ⟹𝑇𝑇4 =  3544
5.6697×10−8 

𝑇𝑇4 = 625 × 108 

Therefore, T equals the fourth root of 625×10P

8
P, thus T= 500 °K 

Example: What is the wavelength of electromagnetic radiation with frequency 
5×10P

10
PHz? What is the kind of this radiation?  Find the frequency of wave with 

wavelength 0.64 𝜇𝜇𝑐𝑐? 

Solution: 

𝑐𝑐 = 𝑓𝑓𝜆𝜆 

𝜆𝜆 =
𝑐𝑐
𝑓𝑓

=
3 × 108 𝑐𝑐 𝑠𝑠⁄
5 × 1010𝐻𝐻𝐻𝐻

=
3 × 108 𝑐𝑐 𝑠𝑠⁄

5 × 1010  1𝑠𝑠
= 0.6 × 10−2𝑐𝑐 = 0.6 𝑐𝑐𝑐𝑐 

Electromagnetic radiation with wavelength of 0.6 cm is within the microwave part of 
electromagnetic spectrum.  

𝑐𝑐 = 𝑓𝑓𝜆𝜆 

𝑓𝑓 =  
𝑐𝑐
𝜆𝜆

=
3 × 108 𝑐𝑐 𝑠𝑠⁄

0.64 𝜇𝜇𝑐𝑐
=

3 × 108 𝑐𝑐 𝑠𝑠⁄
0.64 × 10−6𝑐𝑐

= 4.6875 × 1014𝐻𝐻𝐻𝐻 
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Example: Find the electromagnetic radiation energy with frequency 5×10 P

10
P Hz? Also 

find its wavelength? 

Solution: 

𝐸𝐸 = ℎ 𝑓𝑓     , E= Energy ( 𝐽𝐽 = 𝑁𝑁.𝑐𝑐
𝑠𝑠𝑒𝑒𝑐𝑐 2 )   ,  𝑓𝑓 = 𝐻𝐻𝐻𝐻   

h=Blank constant =6.64 × 10−34  𝐽𝐽 𝑠𝑠𝑒𝑒𝑐𝑐�  

𝐸𝐸 = 6.64 × 10−34  
𝑁𝑁. 𝑐𝑐
𝑠𝑠𝑒𝑒𝑐𝑐

× 5 × 1010  
1

𝑠𝑠𝑒𝑒𝑐𝑐
 

𝐸𝐸 = 3.32 × 10−23  
𝑁𝑁. 𝑐𝑐
𝑠𝑠𝑒𝑒𝑐𝑐2 = 3.32 × 10−23 𝐽𝐽𝑜𝑜𝐵𝐵𝐵𝐵𝑒𝑒 

𝜆𝜆 =
ℎ 𝑐𝑐
𝐸𝐸

=
6.64 × 10−34  𝑁𝑁. 𝑐𝑐

𝑠𝑠𝑒𝑒𝑐𝑐 × 3 × 108 𝑐𝑐 𝑠𝑠𝑒𝑒𝑐𝑐⁄

3.32 × 10−23  𝑁𝑁. 𝑐𝑐
𝑠𝑠𝑒𝑒𝑐𝑐2

= 0.6 × 10−2 𝑐𝑐 = 0.6 𝑐𝑐𝑐𝑐 

Example: A surface made of Aluminum is lying on earth surface its emissivity equals 
0.05 and its emittance energy 450 W/mP

2 
P. Find the amount of temperature of  this 

body knowing that Stefan- Boltzman constant is 5.67×10P

-12  
PW. cmP

-12
P? 

Solution: 

𝑊𝑊 = 𝜎𝜎𝜎𝜎𝑇𝑇4 

𝑇𝑇4 =
𝑊𝑊
𝜎𝜎𝜎𝜎

=
450 𝑊𝑊

𝑐𝑐2�
5.67 × 10−8𝑊𝑊𝑐𝑐−8 × 0.05

= 1587.3 × 108 

𝑇𝑇 = 631 °𝐾𝐾 

Example: Assuming Rayleigh scattering and using infrared radiation with a 
wavelength of 0.7 𝜇𝜇𝑐𝑐 as a standard, calculate how much greater is the scattering of 
blue (0.4𝜇𝜇𝑐𝑐); green (0.5 𝜇𝜇𝑐𝑐) and red (0.6 𝜇𝜇𝑐𝑐) light? 

Solution: 

𝑆𝑆𝑐𝑐𝑚𝑚𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑣𝑣𝐺𝐺𝑒𝑒 𝑓𝑓𝑜𝑜𝑒𝑒 𝑒𝑒𝑒𝑒𝑟𝑟 𝐵𝐵𝑣𝑣𝑒𝑒ℎ𝑃𝑃 =
(0.7)4

(0.6)4 = 1.85 𝑃𝑃𝑣𝑣𝑐𝑐𝑒𝑒𝑠𝑠 

𝑆𝑆𝑐𝑐𝑚𝑚𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑣𝑣𝐺𝐺𝑒𝑒 𝑓𝑓𝑜𝑜𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝐺𝐺 𝐵𝐵𝑣𝑣𝑒𝑒ℎ𝑃𝑃 =
(0.7)4

(0.5)4 = 3.84 𝑃𝑃𝑣𝑣𝑐𝑐𝑒𝑒𝑠𝑠 

𝑆𝑆𝑐𝑐𝑚𝑚𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑣𝑣𝐺𝐺𝑒𝑒 𝑓𝑓𝑜𝑜𝑒𝑒 𝑏𝑏𝐵𝐵𝐵𝐵𝑒𝑒 𝐵𝐵𝑣𝑣𝑒𝑒ℎ𝑃𝑃 =
(0.7)4

(0.4)4 = 9.38 𝑃𝑃𝑣𝑣𝑐𝑐𝑒𝑒𝑠𝑠 
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Example: A radiometer has been used to measure the emittance energy for two 
bodies located on the earth surface. One of these bodies is rock, while the other one is 
aluminum. If the emittance energy from each body is 450 W/m P

2
P and the emissivity of 

the rocky surface 0.85 and for the aluminum surface is 0.05. Knowing that Stefan- 
Boltzman constant is 5.67×10P

-12 
P W. cm P

-2
P. 

It is required to: 

1. Which of these two bodies has higher temperature? 
2. Which of these two bodies has higher reflectance? 
3. Which of these two bodies has higher absorbance? 
4. What do their emissivity values mean? 

Solution: 

1. 𝑊𝑊 = 𝜎𝜎𝜎𝜎𝑇𝑇4                         
 𝑇𝑇4 = 𝑊𝑊

𝜎𝜎  𝜎𝜎
 

 𝐹𝐹𝑜𝑜𝑒𝑒 𝑒𝑒𝑜𝑜𝑐𝑐𝑘𝑘 𝑠𝑠𝐵𝐵𝑒𝑒𝑓𝑓𝑚𝑚𝑐𝑐𝑒𝑒  𝑇𝑇1
4 =  450

5.67×10−8 𝑊𝑊
𝑐𝑐 8 ×0.85

= 93.4 × 108 

 𝑇𝑇1 = 310 °𝐾𝐾 

 𝐹𝐹𝑜𝑜𝑒𝑒 𝑚𝑚𝐵𝐵𝐵𝐵𝑐𝑐𝑣𝑣𝐺𝐺𝐵𝐵𝑐𝑐 𝑠𝑠𝐵𝐵𝑒𝑒𝑓𝑓𝑚𝑚𝑐𝑐𝑒𝑒  𝑇𝑇2
4 = 450

5.67×10−8 𝑊𝑊
𝑐𝑐 8×0.05

= 1587.3 × 108 

 𝑇𝑇2 = 631 °𝐾𝐾 

2. Aluminum reflectance is higher than that for rock. 
3. As aluminum reflectance is higher so its absorbance is lower. So the absorbance 

for rock surface is higher. 
4. The emissivity of rock surface is 0.85 which is close to (1). It means closer to 

emissivity of black body. For aluminum, the emissivity 0.05 which is very far 
from the emissivity of black body. So the rock surface is closer to black body 
than the aluminum surface. 
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3. Properties of Aerial Photography   
3.1 Introduction 
3.2 Components of Aerial Cameras 
3.3 Image motion    
3.4 Classification of aerial photographs   

3.4.1 Orientation of camera axis   
3.4.2 Angular coverage   
3.4.3 Emulsion type   

3.5 Geometric properties of aerial photographs   
3.5.1 Definitions   
3.5.2 Image and Object Space   
3.5.3 Photo Scale  
3.5.4 Relief Displacement 
3.5.5 Relationship Between the Coordinates of Image Points & 

Objects Points  
3.5.6 Ground Coordinates  From Vertical  Photo 
3.5.7 Photo Overlap 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



University of Technology  
Building & Construction Department / Remote Sensing & GIS lecture  

 

 -20)2 | P a g e  ( 
 

3.1Introduction 
Aerial photography is the basic data source for making maps by 
photogrammetric means. 
The photograph is the end result of the data acquisition process discussed 
in the previous chapter. Actually, the net results of any photographic 
mission are the photographic negatives. Of prime importance for 
measuring and interpretation are the positive reproductions from the 
negatives, called diapositives. 
Many factors determine the quality of aerial photography, such as 

• Design and quality of lens system 
• manufacturing the camera 
• photographic material 
• development process 
• weather conditions and sun angle during photo flight 

In this chapter we describe the types of aerial photographs, their 
geometrical properties and relationship to object space. 

3.2Components of Aerial Cameras 
A typical aerial camera consists of lens assembly, inner cone, focal plane, 
outer cone, drive mechanism, and magazine. These principal parts are 
shown in the schematic diagram of Fig. 3.1(b). 
 

 
 
 
 
 
 

Figure 3.1: (a) Aerial camera RC30 from Leica; (b) schematic diagram of aerial camera. 
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3.3Image Motion 
During the instance of exposure, the aircraft moves and with it the 
camera, including the image plane. Thus, a stationary object is imaged at 
different image locations, and the image appears to move. Image motion 
results not only from the forward movement of the aircraft but also from 
vibrations. Fig. 3.6 depicts the situation for forward motion. 
An airplane flying with velocity v advances by a distance D = v t during 
the exposure time t. Since the object on the ground is stationary, its image 
moves by a distance d = D/m where m is the photo scale. We have 

𝑑𝑑 =
𝑣𝑣. 𝑡𝑡 
1/𝑚𝑚 =

𝑣𝑣 𝑡𝑡 𝑓𝑓
𝐻𝐻    

with  f  the focal length and  H  the flying height. 

 
Figure 3.5: Angular coverage, photo scale and ground coverage of 
cameras with different focal lengths. 
 
Example: 
Exposure time, t= 1/300 sec 
Velocity, v= 300 km/h 
Focal length, f= 150 mm 
Flying height, H= 1500 m 
Image motion, d= 28 μm 
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Image motion caused by vibrations in the airplane can also be computed 
using Eq. above. For that case, vibrations are expressed as a time rate of 
change of the camera axis (angle/sec). Suppose the camera axis vibrates 
by 2 P

°
P/sec. This corresponds to a distance DRvR = 2H/ρ = 52.3 m. Since this 

“displacement" occurs in one second, it can be considered a velocity. In 
our example, this velocity is 188.4 km/sec, corresponding to an image 
motion of 18μm. Note that in this case, the direction of image motion is 
random. 
As the example demonstrates, image motion may considerably decrease 
the image quality. For this reason, modern aerial cameras try to eliminate 
image motion. There are different mechanical/optical solutions, known as 
image motion compensation. The forward image motion can be reduced 
by moving the film during exposure such that the image of an object does 
not move with respect to the emulsion. Since the direction of image 
motion caused by vibration is random, it cannot be compensated by 
moving the film. The only measure is a shock absorbing camera mount. 
 

 
 
Figure 3.6: Forward image motion. 
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3.4Classification of aerial photographs 
Aerial photographs are usually classified according to the orientation of 
the camera axis, the focal length of the camera, and the type of emulsion. 

3.4.1 Orientation of camera axis 
Here, we introduce the terminology used for classifying aerial 
photographs according to the orientation of the camera axis. Fig. 
4.1 illustrates the different cases. 

- True vertical photograph A photograph with the camera axis 
perfectly vertical (identical to plumb line through exposure center). 
Such photographs hardly exist in reality. 

- Near vertical photograph A photograph with the camera axis 
nearly vertical. The deviation from the vertical is called tilt. It must 
not exceed mechanical limitations of Stereoplotter to accommodate 
it. Gyroscopically controlled mounts provide stability of the 
camera so that the tilt is usually less than two to three degrees. 

- Oblique photograph A photograph with the camera axis 
intentially tilted between the vertical and horizontal. A high 
oblique photograph, depicted in Fig. 3.7(c) is tilted so much that 
the horizon is visible on the photograph. A low oblique does not 
show the horizon (Fig. 3.7(b)). 
The total area photographed with obliques is much larger than that 
of vertical photographs. The main application of oblique 
photographs is in reconnaissance. 

 
 
 
 
 
 

Figure 3.7: Classification of photographs according to camera 
orientation. In (a) the schematic diagram of a true vertical 
photograph is shown; (b) shows a low oblique and (c) depicts a 
high oblique photograph. 
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3.4.2 Angular coverage 
The angular coverage is a function of focal length and format size. 
Since the format size is almost exclusively 9in × 9in the angular 
coverage depends on the focal length of the camera only. Standard 
focal lengths and associated angular coverages are summarized in 
Table 3.2. 

Table 3.2: Summary of photographs with different angular coverage. 
 

 super- 
wide 

Wide 
angle 

Inter 
mediate 

Normal 
angle 

Narrow 
angle 

focal length [mm] 85 157 210 305 610 
Angular coverage [P

o
P] 119 82 64 46 24 

 
3.4.3 Emulsion type 

 The sensitivity range of the emulsion is used to classify photography into 
- Panchromatic black and white This is most widely used type of 

emulsion for photogrammetric mapping. 
- Color Color photography is mainly used for interpretation 

purposes. Recently, color is increasingly being used for mapping 
applications. 

- Infrared black and white Since infrared is less affected by haze it 
is used in applications where weather conditions may not be as 
favorable as for mapping missions (e.g. intelligence). 

- False color This is particular useful for interpretation, mainly for 
analyzing vegetation (e.g. crop disease) and water pollution. 
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3.5Geometric properties of aerial photographs 

We restrict the discussion about geometric properties to frame 
photography, that is, photographs exposed in one instant. Furthermore, 
we assume central projection. 

3.5.1 Definitions 
Fig. 3.8 shows a diapositive in near vertical position. The following 
definitions apply: 
 

 
 
 

- Perspective center C calibrated perspective center (see also 
camera calibration, interior orientation). 

- Focal length c calibrated focal length (see also camera calibration, 
interior orientation). 

- Principal point PP principal point of autocollimation (see also 
camera calibration, interior orientation). 

Figure 3.8: Tilted photograph in diapositive position and ground control coordinate system. 



University of Technology  
Building & Construction Department / Remote Sensing & GIS lecture  

 

 -20)8 | P a g e  ( 
 

- Camera axis C-PP axis defined by the projection center C and the 
principal point PP. 
The camera axis represents the optical axis. It is perpendicular to 
the image plane. 

- Nadir point N_ also called photo nadir point is the intersection of 
vertical (plumb line) from perspective center with photograph. 

- Ground nadir point N intersection of vertical from perspective 
center with the earth’s surface. 

- Tilt angle t angle between vertical and camera axis. 
- Swing angle s is the angle at the principal point measured from the 

+y-axis counterclockwise to the nadir N. 
- Azimuth α is the angle at the ground nadir N measured from the 

+Y-axis in the ground system counterclockwise to the intersection 
O of the camera axis with the ground surface. It is the azimut of the 
trace of the principal plane in the XY -plane of the ground system. 

- Principal line pl intersection of plane defined by the vertical 
through perspective center and camera axis with the photograph. 
Both, the nadir N and the principal point PP are on the principal 
line. The principal line is oriented in the direction of steepest 
inclination of the tilted photograph. 

- Isocenter I is the intersection of the bisector of angle t with the 
photograph. It is on the principal line. 

- Isometric parallel ip is in the plane of photograph and is 
perpendicular to the principal line at the isocenter. 

- True horizon line intersection of a horizontal plane through 
persepective center with photograph or its extension. The horizon 
line falls within the extent of the photograph only for high oblique 
photographs. 

- Horizon point intersection of principal line with true horizon line. 
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3.5.2 Image and object space 

The photograph is a perspective (central) projection. During the image 
formation process, the physical projection center object side is the center 
of the entrance pupil while the center of the exit pupil is the projection 
center image side (see also Fig. 3.10. 
The two projection centers are separated by the nodal separation. The 
two projection centers also separate the space into image space and object 
space as indicated in Fig. 3.10. 
 

 
 
 
During the camera calibration process the projection center in image 
space is changed to a new position, called the calibrated projection center. 
As discussed in above, this is necessary to achieve close similarity 
between the image and object bundle. 
 
 
 
 
 
 
 
 

Figure 3.10: The concept of image and object space. 
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3.5.3 Photo scale 

We use the representative fraction for scale expressions, in form of a 
ratio, e.g. 1: 5,000. As illustrated in Fig. 3.11 the scale of a near vertical 
photograph can be approximated by 

𝑚𝑚𝑏𝑏 =
𝑐𝑐
𝐻𝐻 

 
 
 
Where: 
 mRbR is the photograph scale number, c the calibrated focal length, and H 
the flight height above mean ground elevation. Note that the flight height 
H refers to the average ground elevation. If it is with respect to the datum, 
then it is called flight altitude 
HA, with HA = H + h. 
 
The photograph scale varies from point to point. For example, the scale 
for point P can easily be determined as the ratio of image distance CP_ to 
object distance CP by 

Figure 3.11: Flight height, flight altitude and scale of aerial photograph. 
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𝑚𝑚𝑝𝑝 =
𝐶𝐶𝐶𝐶′

𝐶𝐶𝐶𝐶  

𝐶𝐶𝐶𝐶′ = �𝑥𝑥𝑝𝑝+
2 𝑦𝑦𝑝𝑝+ ∁2

2  

𝐶𝐶𝐶𝐶 = �(𝑋𝑋𝐶𝐶 − 𝑋𝑋𝐶𝐶)2+(𝑌𝑌𝐶𝐶 − 𝑌𝑌𝐶𝐶)2 + (𝑍𝑍𝐶𝐶 − 𝑍𝑍𝐶𝐶)2  
 
 
where xRPR , yRPR are the photo-coordinates, XRPR , YRPR, ZRPR the ground 
coordinates of point P, and XRCR, YRCR, ZRCR the coordinates of the projection 
center C in the ground coordinate system. Clearly, above equation takes 
into account any tilt and topographic variations of the surface (relief). 

 
3.5.4 Relief displacement 

The effect of relief does not only cause a change in the scale but can also 
be considered as a component of image displacement. Fig. 3.12 illustrates 
this concept. Suppose point T is on top of a building and point B at the 
bottom. On a map, both points have identical X, Y coordinates; however, 
on the photograph they are imaged at different positions, namely in T_ 
and B_. The distance d between the two photo points is called relief 
displacement because it is caused by the elevation difference Δh between 
T and B. 
 

 
 
 Figure 3.12: Relief displacement 
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The magnitude of relief displacement for a true vertical photograph can 
be determined by the following equation 

𝑑𝑑 =
𝑟𝑟 ∆ℎ
𝐻𝐻 =  

𝑟𝑟′  ∆ℎ
𝐻𝐻 − ∆ℎ 

Where :  

𝑟𝑟 = �𝑥𝑥𝑇𝑇2 + 𝑦𝑦𝑇𝑇2     , 𝑟𝑟′ = �𝑥𝑥𝐵𝐵2 + 𝑦𝑦𝐵𝐵2 

∆ℎ - the elevation difference of two points on a vertical. can be used to 
determine the elevation Δh of a vertical object 

ℎ =
𝑑𝑑𝐻𝐻
𝑟𝑟  

The direction of relief displacement is radial with respect to the nadir 
point𝑁𝑁′ , independent of camera tilt. 

 

 
 

Figure 3.13 Image displacement. 

Figure 3.14 Radial displacement 
of an image feature. 
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3.5.5 Relationship between the coordinates of image points & 

objects points  
Photogrammetry has always considered the central perspective as its 
operative foundation. This approach results from photographic cameras’ 
acquisition procedures: they produce photograms, whose main peculiarity 
is to be instantly generated through a geometric scheme unique for the 
whole image. This means that each object-point can be rigorously related 
to its correspondent image point by correctly defining the geometrical 
relationship linking the two involved spaces (object and image). The 
geometrical relationship is the central perspective, which is a suitable 
model whose parameters are identical for the whole image. The model 
parameters estimation is one of the basic steps of the photogrammetric 
process, and it is known as image orientation. 
The image space, as illustrated in the scheme of Fig. 3.15, is defined by 
its reference system having ξ and η axes and origin in the Principal 
Point (PP). 
ξ 0 and η0 coordinates of the Principal Point PP and the focal length c 
locate the position of the projection centre on the image plane and define 
the internal orientation of the photogram. As well as these parameters, the 
radial distortion affecting the faithfulness to reality of this geometric 
scheme must be considered. In modern aerial photogrammetric cameras, 
this effect can be disregarded as usually lower than the precision with 
which image points’ coordinates can be measured. 
The coordinates of the perspective centre (XR0R, YR0R, ZR0R), expressed with 
respect to the object reference system  and the three rotation angles ω, φ
, κ describing the photo camera position at the moment of acquisition 
define the external orientation of the photogram (Fig. 3.16). 
For the rigorous description of the acquisition geometry of the image, 
nine parameters have to be known. The internal orientation parameters 
(3), provided by the constructor, are assumed constant and specific for the 
photo camera. 
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The external orientation parameters (6) can be derived: 

a) From position (GPS) and attitude (IMU, Inertial Measurement 
Unit) measurements carried out during the acquisition: in this case 
the approach is called direct georeferencing. 

b) More commonly, through a Least Squares estimation process 
performed with respect to the Ground Control Points (GCPs). 

Collinearity equations formalize direct (backward) (3.1) and inverse 
(forward) (3.2) relations among the object coordinates (X, Y, Z). They 
obviously depend on the internal and external orientation parameters. 

    Eq. 3.1  

Fig. 3.15 Internal orientation: characteristic points and adopted conventions: O: 
Centre of projection, or point of acquisition; PP: Principal point with coordinates 
ξ0 η0 ζ0 c: focal length or constant of the photo camera FC: Fiducial Centre, 
intersection between the lines that connect the opposite Fiducial Marks 
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   Eq.(3. 2)  
Attitude parameters (ω, φ, κ) are composed inside the rRikR coefficients, 
which represent the elements of the spatial rotation matrix R defined as 
follows: 

          Eq.(3.3) 
Eq. (3.1) shows that each object-point is corresponded by one image 
point, while Eq. (3.2) shows that for each image point infinite object-
points depending on Z exist. Thus using one only photogram it is 
impossible to model the 3D geometry of an object represented in the 
photogram. 
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3.5.6 GROUND COORDINATES FROM VERTICAL PHOTO 

 
From similar triangles La’o and LA’AO 

𝑜𝑜𝑎𝑎′

𝐴𝐴𝑜𝑜𝐴𝐴′′
=

𝑓𝑓
𝐻𝐻 − ℎ𝐴𝐴

=
𝒙𝒙𝒂𝒂
𝑿𝑿𝑨𝑨

⟹ 𝑿𝑿𝑨𝑨 = �
𝑯𝑯 − 𝒉𝒉𝑨𝑨

𝒇𝒇
� .𝒙𝒙𝒂𝒂 

From similar triangles La”o and LA”AO 
𝑜𝑜𝑎𝑎′′

𝐴𝐴𝑜𝑜𝐴𝐴′′
=

𝑓𝑓
𝐻𝐻 − ℎ𝐴𝐴

=
𝒚𝒚𝒂𝒂
𝒀𝒀𝑨𝑨

⟹ 𝒀𝒀𝑨𝑨 = �
𝑯𝑯 − 𝒉𝒉𝑨𝑨

𝒇𝒇
� .𝒚𝒚𝒂𝒂 

XRpR, Yp = ground coordinates of point p 
xRpR, yRpR = photo coordinates of point p 
hRpR = ground elevation of point p 
 
Note that these equations use a coordinate system defined by the photo 
coordinate axes having an origin at the photo principal point and the x-
axis typically through the midside fiducial in the direction of flight. 
Then the local ground coordinate axes are placed parallel to the photo 
coordinate axes with an origin at the ground principal point. 
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Ex: A vertical photo was taken with a 152.4 mm focal length camera at a 
flying height of 1385 m above the datum. The measured photo 
coordinates and ground elevations are given in the following table, 
Determine the horizontal length of line AB 
Point x y Elevation  
a -52.35 mm -48.27 mm 204 m 
b 40.64 mm 43.88 mm 148 m 
Solution:  

XRAR=�1385𝑚𝑚−204𝑚𝑚
152.4𝑚𝑚𝑚𝑚

� . (−52.35𝑚𝑚𝑚𝑚) = −405.7 𝑚𝑚 

YRAR=�1385𝑚𝑚−204𝑚𝑚
152.4𝑚𝑚𝑚𝑚

� . (−48.27𝑚𝑚𝑚𝑚) = −374.1 𝑚𝑚 

XRBR=�1385𝑚𝑚−148𝑚𝑚
152.4𝑚𝑚𝑚𝑚

� . (40.64𝑚𝑚𝑚𝑚) = 329.9 𝑚𝑚 

YRBR=�1385𝑚𝑚−148𝑚𝑚
152.4𝑚𝑚𝑚𝑚

� . (43.88𝑚𝑚𝑚𝑚) = 356.2 𝑚𝑚 

AB=𝐴𝐴𝐵𝐵 = �[329.9− (−405.7)]2 + [356.2 − (−374.1)]2 = 1036𝑚𝑚 
 

3.5.7 PHOTO OVERLAP 
Aerial photo projects for all mapping and most image analyses require 
that a series of exposures be made along each of the multiple flight lines. 
To guarantee stereoscopic coverage throughout the site, the photographs 
must overlap in two directions: in the line of flight and between adjacent 
flights. 

3.5.7.1 Endlap 
Endlap, also known as forward overlap, is the common image area on 
consecutive photographs along a flight strip. This overlapping portion of 
two successive aerial photos, which creates the three-dimensional effect 
necessary for mapping, is known as a stereo-model or more commonly as 
a “model.” Figure 3.17 shows the endlap area on a single pair of 
consecutive photos in a flight line. 
Practically all projects require more than a single pair of photographs. 
Usually, the aircraft follows a predetermined flight line as the camera 
exposes successive overlapping images. 
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Normally, endlap ranges between 55 and 65% of the length of a photo, 
with a nominal average of 60% for most mapping projects. Endlap gain, 
the distance between the centers of consecutive photographs along a 
flight path, can be calculated by using Equation: 

B=S.E. (1-U %) 
 
Where: 
B = distance between exposure stations (feet, meter)  
E= photo scale denominator (feet, meter) 
U= endlap (percent) 
S = width of exposure frame (inches, mm) 
When employing a precision aerial mapping camera with a 9× 9 in. 
exposure format and a normal endlap of 60%, the formula is simpler. In 
this situation, two of the variables then become constants: 
S = 9 in 
U= 60% 

3.5.7.2 Sidelap 
Sidelap, sometimes called side overlap, encompasses the overlapping 
areas of photographs between adjacent flight lines. It is designed so that 
there are no gaps in the three-dimensional coverage of a multiline project. 
Figure 3.18 shows the relative head-on position of the aircraft in adjacent 
flight lines and the resultant area of exposure coverage. 

Figure 3.17 Endlap on two consecutive photos in a flight line. 
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Usually, sidelap ranges between 20 and 40% of the width of a photo, with 
a nominal average of 30%. Figure 3.19 portrays the sidelap pattern in a 
project requiring three flight lines. 
Sidelap gain, the distance between the centers of adjacent flight lines, can 
be calculated by using Equation : 

A=S.E.(1-V%) 
A= distance between flight line centers (feet, meter) 
E= photo scale denominator (feet, meter) 
V= sidelap (percent) 
S= width of exposure frame (inches, mm) 

 
 
 

 
 
 
 

When employing a precision aerial mapping camera with a 9 ×9 in. 
exposure format and a normal sidelap of 30%, the formula is simpler. In 
this situation, two of the variables then become constants: 
S = 9 in. 
V = 30% 

Figure 3.18 Sidelap between two adjacent flight lines. 

Figure 3.19 Sidelap on three adjacent flight lines. 
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Example: Convert the representative fraction scale 1/20000 to equivalent scale? 

 Solution: 

1
20000

=
1

20000
∗

1000 𝑚𝑚
1 𝑘𝑘𝑚𝑚

∗
100 𝑐𝑐𝑚𝑚

1 𝑚𝑚
=

5 𝑐𝑐𝑚𝑚
1 𝑘𝑘𝑚𝑚

 

Example: Convert the scale denominator 20000 to an equivalent scale? 

Solution: 

20000 =
20000

1
∗

1 𝑘𝑘𝑚𝑚
1000 𝑚𝑚

∗
1 𝑚𝑚

100 𝑐𝑐𝑚𝑚
=

1 𝑘𝑘𝑚𝑚
5 𝑐𝑐𝑚𝑚

 

Example: Convert the scale denominator 25000 to an equivalent scale in units 
cm/km. Then convert the equivalent scale to representative scale? 

Solution: 

25000 =  
25000

1
∗

1 𝑘𝑘𝑚𝑚
1000 𝑚𝑚

∗
1 𝑚𝑚

100 𝑐𝑐𝑚𝑚
=

1 𝑘𝑘𝑚𝑚
4 𝑐𝑐𝑚𝑚

 

1 𝑘𝑘𝑚𝑚
4 𝑐𝑐𝑚𝑚

=
1 𝑘𝑘𝑚𝑚
4 𝑐𝑐𝑚𝑚

∗
1000 𝑚𝑚

1 𝑘𝑘𝑚𝑚
∗

100 𝑐𝑐𝑚𝑚
1 𝑚𝑚

=
25000

1
 

4 𝑐𝑐𝑚𝑚
1 𝑘𝑘𝑚𝑚

=
4 𝑐𝑐𝑚𝑚
1 𝑘𝑘𝑚𝑚

∗
1 𝑘𝑘𝑚𝑚

1000 𝑚𝑚
∗

1 𝑚𝑚
100 𝑐𝑐𝑚𝑚

=
1

25000
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4. Sensors  
In order for a sensor to collect and record energy reflected or emitted 
from a target or surface, it must reside on a stable platform removed 
from the target or surface being observed. Platforms for remote sensors 
may be situated on the ground, on an aircraft or balloon (or some other 
platform within the Earth's atmosphere), or on a spacecraft or satellite 
outside of the Earth's atmosphere. 
4.1 History  

Since the early 1960s, numerous satellite sensors have been launched into 
orbit to observe and monitor the Earth and its environment. Most early 
satellite sensors acquired data for meteorological purposes. The advent of 
earth resources satellite sensors (those with a primary objective of 
mapping and monitoring land cover) occurred when the first Landsat 
satellite was launched in July 1972. Currently, more than a dozen orbiting 
satellites of various types provide data crucial to improving our 
knowledge of the Earth's atmosphere, oceans, ice and snow, and land. 
4.2 Satellite Characteristics: Orbits and Swaths 

We learned in the previous section that remote sensing instruments can be 
placed on a variety of platforms to view and image targets. Although 
ground-based and aircraft platforms may be used, satellites provide a 
great deal of the remote sensing imagery commonly used today. Satellites 
have several unique characteristics which make them particularly useful 
for remote sensing of the Earth's surface. 
We can calculate the height of a satellite above the Earth, using the 
following laws: 
Gravity Force  𝐹𝐹 = 𝐺𝐺𝐺𝐺𝐺𝐺

𝑅𝑅2�  

Centrifugal Force  𝐹𝐹 = 𝑣𝑣2 ∗ 𝐺𝐺
R�  

Since the gravitation force is equal to the centrifugal force in an orbiting 
satellite, the gravitational force or mass of the planet is proportional to the 
velocity squared of any of it's orbiting satellites. 
Centrifugal Force = Gravitation Force 

𝐹𝐹 = 𝑣𝑣2 ∗ 𝐺𝐺
R� = 𝐺𝐺𝐺𝐺𝐺𝐺 𝑅𝑅2�  

to simplify the equation, we can take the orbit of the satellite to be on a 
circle, thus: 
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𝑣𝑣 = 2𝑝𝑝𝑅𝑅
𝑇𝑇�  

With the following, 
m  - Mass of the satellite (is of no importance for the calculation) 
M - Mass of the Earth, 5.976e+24 kg 
R- Distance between the center of the Earth and the satellite (consider the 
equatorial radius of the Earth to be about 6,378.14 km) 
v- Velocity of the satellite 
T- Period of the orbit of the satellite around the Earth 
G- Newtonian constant of gravitation, 6.6725985e-11 mP

3
P kgP

-1
P sP

-2
P  

The distance of a satellite from the face of the Earth can be easily 
calculated: 

𝑅𝑅3 = 𝐺𝐺𝐺𝐺𝑇𝑇2 4𝑝𝑝2⁄  
The path followed by a satellite is referred to as its orbit. Satellite orbits 
are matched to the capability and objective of the sensor(s) they carry. 
Orbit selection can vary in terms of altitude (their height above the 
Earth's surface) and their orientation and rotation relative to the Earth. 
Satellites at very high altitudes, which view the same portion of the 
Earth's surface at all times have geostationary orbits. These geostationary 
satellites, at altitudes of approximately 36,000 kilometers, revolve at 
speeds which match the rotation of the Earth so they seem stationary, 
relative to the Earth's surface. This allows the satellites to observe and 
collect information continuously over specific areas. Weather and 
communications satellites commonly have these types of orbits. Due to 
their high altitude, some geostationary weather satellites can monitor 
weather and cloud patterns covering an entire hemisphere of the Earth. 
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Many remote sensing platforms are designed to follow an orbit (basically 
north-south) which, in conjunction with the Earth's rotation (west-east), 
allows them to cover most of the Earth's surface over a certain period of 
time. These are near-polar orbits, so named for the inclination of the orbit 
relative to a line running between the North and South poles. Many of 
these satellite orbits are also sun-synchronous such that they cover each 
area of the world at a constant local time of day called local sun time. At 
any given latitude, the position of the sun in the sky as the satellite passes 
overhead will be the same within the same season. This ensures 
consistent illumination conditions when acquiring images in a specific 
season over successive years, or over a particular area over a series of 
days. This is an important factor for monitoring changes between images 
or for mosaicking adjacent images together, as they do not have to be 
corrected for different illumination conditions. 
Most of the remote sensing satellite platforms today are in near-polar 
orbits, which means that the satellite travels northwards on one side of the 
Earth and then toward the southern pole on the second half of its orbit. 
These are called ascending and descending passes, respectively. If the 
orbit is also sun-synchronous, the ascending pass is most likely on the 
shadowed side of the Earth while the descending pass is on the sunlit 
side. Sensors recording reflected solar energy only image the surface on a 
descending pass, when solar illumination is available. Active sensors 
which provide their own illumination or passive sensors that record 
emitted (e.g. thermal) radiation can also image the surface on ascending 
passes. 
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. Imaging swaths for space-borne sensors generally vary 
between tens and hundreds of kilometers wide. As the satellite orbits the 
Earth from pole to pole, its east-west position wouldn't change if the 
Earth didn't rotate. However, as seen from the Earth, it seems that the 
satellite is shifting westward because the Earth is rotating (from west to 
east) beneath it. This apparent movement allows the satellite swath to 
cover a new area with each consecutive pass. 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. 
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If we start with any randomly selected pass in a satellite's orbit, an orbit 
cycle will be completed when the satellite retraces its path, passing over 
the same point on the Earth's surface directly below the satellite (called 
the nadir point) for a second time. 
The exact length of time of the orbital cycle will vary with each satellite. 
The interval of time required for the satellite to complete its orbit cycle is 
not the same as the "revisit period". Using steerable sensors, an satellite-
borne instrument can view an area (off-nadir) before and after the orbit 
passes over a target, thus making the 'revisit' time less than the orbit cycle 
time. The revisit period is an important consideration for a number of 
monitoring applications, especially when frequent imaging is required 
(for example, to monitor the spread of an oil spill, or the extent of 
flooding). In nearpolar orbits, areas at high latitudes will be imaged more 
frequently than the equatorial zone due to the increasing overlap in 
adjacent swaths as the orbit paths come closer together near the poles. 
4.3 Scanner Sensor Systems 

Electro-optical and spectral imaging scanners produce digital images with 
the use of detectors that measure the brightness of reflected 
electromagnetic energy. Scanners consist of one or more sensor detectors 
depending on type of sensor system used. 
One type of scanner is called a whiskbroom scanner also referred to as 
across-track scanners (e.g. on LANDSAT). It uses rotating mirrors to 
scan the landscape below from side to side perpendicular to the direction 
of the sensor platform, like a whiskbroom. 
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The width of the sweep is referred to as the sensor swath. The rotating 
mirrors redirect the reflected light to a point where a single or just a few 
sensor detectors are grouped together. Whiskbroom scanners with their 
moving mirrors tend to be large and complex to build. The moving 
mirrors create spatial distortions that must be corrected with 
preprocessing by the data provider before image data is delivered to the 
user. An advantage of whiskbroom scanners is that they have fewer 
sensor detectors to keep calibrated as compared to other types of sensors. 
Another type of scanner, which does not use rotating mirrors, is the 
pushbroom scanner also referred to as an along-track scanner (e.g. on 
SPOT). The sensor detectors in a pushbroom scanner are lined up in a 
row called a linear array. Instead of sweeping from side to side as the 
sensor system moves forward, the one dimensional sensor array captures 
the entire scan line at once like a pushbroom would. Some recent 
scanners referred to as step stare scanners contain two-dimensional arrays 
in rows and columns for each band. Pushbroom scanners are lighter, 
smaller and less complex because of fewer moving parts than 
whiskbroom scanners. Also they have better radiometric and spatial 
resolution. A major disadvantage of pushbroom scanners is the 
calibration required for a large number of detectors that make up the 
sensor system. 
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4.4 Spatial Resolution, Pixel Size, and Scale 

For some remote sensing instruments, the distance between the target 
being imaged and the platform, plays a large role in determining the 
detail of information obtained and the total area imaged by the sensor. 
Sensors onboard platforms far away from their targets, typically view a 
larger area, but cannot provide great detail. There is a similar difference 
between satellite images and air-photos. 
The detail discernible in an image is dependent on the spatial resolution 
of the sensor and refers to the size of the smallest possible feature that can 
be detected. Spatial resolution of passive sensors (we will look at the 
special case of active microwave sensors later) depends primarily on their 
Instantaneous Field of View (IFOV). The IFOV is the angular cone of 
visibility of the sensor (A) and determines the area on the Earth's surface 
which is "seen" from a given altitude at one particular moment in time 
(B). The size of the area viewed is determined by multiplying the IFOV 
by the distance from the ground to the sensor (C). This area on the ground 
is called the resolution cell and determines a sensor's maximum spatial 
resolution. For a homogeneous feature to be detected, its size generally 
has to be equal to or larger than the resolution cell. If the feature is 
smaller than this, it may not be detectable as the average brightness of all 
features in that resolution cell will be recorded.  
However, smaller features may sometimes be detectable if their 
reflectance dominates within a particular resolution cell allowing sub-
pixel or resolution cell detection. 
𝐼𝐼𝐹𝐹𝐼𝐼𝐼𝐼(𝐴𝐴) × 𝐶𝐶 = 𝐵𝐵 
 
 
 
 
 
 
 
 
 
The ability of discrimination ground (Ground Resolution) can be 
expressed as the ability to resolve ground features shown on aerial 
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photography. The following equation describes the relationship between 
the ability of discrimination and the high ground camera: 

𝑅𝑅𝑔𝑔 =
𝐻𝐻

𝑅𝑅𝑠𝑠 ∗ 𝑓𝑓
 

H- Height of camera from ground (m). 
RRsR- The ability of discrimination of any deals in the number of lines per 
millimeter. 
f- Camera focal length (mm). 
Most remote sensing images are composed of a matrix of picture 
elements, or pixels, which are the smallest units of an image. Image 
pixels are normally square and represent a certain area on an image. It is 
important to distinguish between pixel size & spatial resolution – they 
are not interchangeable. If a sensor has a spatial resolution of 20 meters 
and an image from that sensor is displayed at full resolution, each pixel 
represents an area of 20m × 20m on the ground. In this case the pixel size 
and resolution are the same. However, it is possible to display an image 
with a pixel size different than the resolution.  
A photograph can be represented and displayed in a digital format by 
subdividing the image into small equal-sized and shaped areas, called 
picture elements or pixels, and representing the brightness of each area 
with a numeric value or Digital Number (DN). 

 
Images where only large features are visible are said to have coarse or 
low resolution. 
In fine or high resolution images, small objects can be detected. Military 
sensors for example, are designed to view as much detail as possible, and 
therefore have very fine resolution. Commercial satellites provide 
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imagery with resolutions varying from a few meters to several kilometers. 
Generally speaking, the finer the resolution, the less total ground area can 
be seen. 
The ratio of distance on an image or map, to actual ground distance is 
referred to as scale. If you had a map with a scale of 1:100,000, an object 
of 1cm length on the map would actually be an object 100,000cm (1km) 
long on the ground. Maps or images with small "map-to-ground ratios" 
are referred to as small scale (e.g. 1:100,000), and those with larger ratios 
(e.g. 1:5,000) are called large scale. 
 
4.5 Spectral / Radiometric resolution- Spectral characteristic 

While the arrangement of pixels describes the spatial structure of an 
image, the radiometric characteristics describe the actual information 
content in an image. Every time an image is acquired on film or by a 
sensor, its sensitivity to the magnitude of the electromagnetic energy 
determines the radiometric resolution. The radiometric resolution of an 
imaging system describes its 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. 
Digital resolution is the number of bits comprising each digital sample. 
Imagery data are represented by positive digital numbers which vary from 
0 to (one less than) a selected power of 2. This range corresponds to the 
number of bits used for coding numbers in binary format. Each bit 
records an exponent of power 2 (e.g. 1 bit = 2 P

1
P = 2). The maximum 

number of brightness levels available depends on the number of bits used 
in representing the energy recorded. Thus, if a sensor used 8 bits to record 
the data, there would be 2P

8
P = 256 digital values available, ranging from 0 

to 255 – termed also as the dynamic range of the system. However, if 
only 4 bits were used, then only 2 P

4
P = 16 values ranging from 0 to 15 

would be available. Thus, the radiometric resolution would be much less. 
Image data are generally displayed in a range of grey tones, with black 
representing a digital number of (DN= 0) and white representing the 
maximum value (for example, DN=255 in 8-bit data). By comparing a 2- 
bit image with an 8-bit image, we can see that there is a large difference 
in the level of detail discernible depending on their radiometric 
resolutions. 
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The range of energy values expected from a system must “fit” within the 
range of values possible of the data format type, and yet the value must 
represent accurately the energy value of the signal relative to others. The 
cost of more bits per data point is longer acquisition times, the 
requirement of larger storage capacity and longer processing time. Any 
signal outside the range is “clipped” and thus unrecoverable. On the other 
hand, if the dynamic range of the signal is widened too much as to allow 
the recording of extremely high or low energy values, the true variability 
within the signal will be lost. 
Many remote sensing systems record energy over several separate 
wavelength ranges at various spectral resolutions. These are referred to as 
multi-spectral sensors. Advanced multi-spectral sensors called 
Hyperspectral sensors, detect hundreds of very narrow spectral bands 
throughout the visible, near-infrared, and mid-infrared portions of the 
electromagnetic spectrum. Their very high spectral resolution facilitates 
fine discrimination between different targets based on their spectral 
response in each of the narrow bands. 
4.6 Temporal Resolution 

In addition to spatial, spectral, and radiometric resolution, the concept of 
temporal resolution is also important to consider in a remote sensing 
system. The revisit period of a satellite sensor is usually several days. 
Therefore the absolute temporal resolution of a remote sensing system to 
image the exact same area at the same viewing angle a second time is 
equal to this period. However, the actual temporal resolution of a sensor 
depends on a variety of factors, including the satellite/sensor capabilities, 
the swath overlap, and latitude.  
The ability to collect imagery of the same area of the Earth's surface at 
different periods of time is one of the most important elements for 
applying remote sensing data. Spectral characteristics of features may 
change over time and these changes can be detected by collecting and 
comparing multi-temporal imagery. For example, during the growing 
season, most species of vegetation are in a continual state of change and 
our ability to monitor those subtle changes using remote sensing is 
dependent on when and how frequently we collect imagery. By imaging 
on a continuing basis at different times we are able to monitor the 
changes that take place on the Earth's surface, whether they are naturally 
occurring (such as changes in natural vegetation cover or flooding) or 
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induced by humans (such as urban development or deforestation). The 
time factor in imaging is important when: 
 Persistent clouds offer limited clear views of the Earth's surface (often 

in the tropics) 
 Short-lived phenomena (floods, oil slicks, etc.) need to be imaged 
 Multi-temporal comparisons are required (e.g. the spread of a forest 

disease from one year to the next). 
 The changing appearance of a feature over time can be used to 

distinguish it from near-similar features (wheat / maize). 
4.7 Overview of different sensors – satellites and airborne/ 

comparison table  
Satellite 
Sensor 

Bands and wavelength 
(μm) 

Spatial 
Resolution 

Swath width Repeat 
coverage 

Orbit 
altitude 
(km) 

NOAA 1 (0.58-0.68) 1.1 km 2399 daily 833 
 2 (0.725-1.10) 1.1 km 2399 daily 833 
 3 (3.55-3.93) 1.1 km 2399 daily 833 
 4 (10.3-11.3) 1.1 km 2399 daily 833 
 5 (11.5-12.5) 1.1 km 2399 daily 833 
MSS 
 4-5 

1 (0.5-0.6) 79/82m 185 16 days 705 

 2 (0.6-0.7) 79/82m 185 16 days 705 
 3 (0.7-0.8) 79/82m 185 16 days 705 
 4 (0.8-1.1) 79/82m 185 16 days 705 
TM 4-5 1 (0.45-0.52) 30m 185 16 days 705 
 2 (0.52-0.60) 30m 185 16 days 705 
 3 (0.63-0.69) 30m 185 16 days 705 
 4 (0.76-0.90) 30m 185 16 days 705 
 5 (1.55-1.75) 30m 185 16 days 705 
 6 (10.40-12.50) 120m 185 16 days 705 
 7 (2.08-2.35) 30m 185 16 days 705 
ETM 7 1 (0.45-0.515) 30m 183*170 16 days 705 
 2 (0.525-0.605) 30m 183*170 16 days 705 
 3 (0.63-0.69) 30m 183*170 16 days 705 
 4 (0.75-0.90) 30m 183*170 16 days 705 
 5 (1.55-1.75) 30m 183*170 16 days 705 
 6 (10.40-12.5) 60m 183*170 16 days 705 
 7 (2.09-2.35) 30m 183*170 16 days 705 
 PAN (0.52-0.90) 15m 183*170 16 days 705 
SPOT 4 XS 1 (0.50-0.59) 20m 60 (oblique scene at 

max 60 by 81) 
26 days 822 

 XS 2 (0.61-0.68) 20m 60 (oblique scene at 
max 60 by 81) 

26 days 822 

 XS 3 (0.79-0.89) 20m 60 (oblique scene at 
max 60 by 81) 

26 days 822 

 XS 4 (1.58-1.75) 20m 60 (oblique scene at 
max 60 by 81) 

26 days 822 

 Monospectral red 
(0.61-0.68) 

10m 60 (oblique scene at 
max 60 by 81) 

26 days 822 
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IRS 1C LISS 1 (0.52-0.59) 23.6m 142 24 days 818 
 LISS 2 (0.62-0.68) 23.6m 142 24 days 818 
 LISS 3 (0.77-0.86) 23.6m 142 24 days 818 
 LISS 4 (1.55-1.70) 70.8m 148 24 days 818 
 WIFS 1 (0.62-0.68) 189m 810 24 days 818 
 WIFS 2 (0.77-0.86) 189m 810 24 days 818 
 PAN (0.5-0.75) 5.8m 70 24 days 818 
Ikonos Multispectral (0.45-

0.52) 
4m 13 at nadir 2.9 days 1m 

Res. 
681 

 Multispectral (0.52-
0.60) 

4m 13 at nadir 2.9 days 1m 
Res. 

681 

 Multispectral (0.63-
0.69) 

4m 13 at nadir 2.9 days 1m 
Res. 

681 

 Multispectral (0.76-
0.90) 

4m 13 at nadir 2.9 days 1m 
Res. 

681 

 Panchromatic (0.45-
0.90) 

1m 13 at nadir 2.9 days 1m 
Res. 

681 

 



University of Technology   
Building & Construction Department / Remote Sensing & GIS lecture  
 

 -12)1 | P a g e  ( 
 

5. Corrections   
5.1 Introduction  
5.2 Radiometric Correction 
5.3 Geometric corrections   

5.3.1 Systematic distortions 
5.3.2 Nonsystematic distortions 

5.4 Image Rectification 
5.5 Ground Control Points (GCPs) 
5.5.1 Selection and minimum number of GCPs 
5.6 Geometric Correction Models (transformations) 
5.6.1 Polynomial Transformations 
5.7 Root Mean Square Error (RMSE) 
5.8 Resampling methods 

5.8.1 Nearest Neighbor 
5.8.2 Bilinear Interpolation 
5.8.3 Cubic Convolution 
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5.1Introduction 

 Remote sensing system gathered data in many forms and techniques. In all 
these systems, there are numerous errors associated with gathered data. Therefore, 
it is usually necessary to preprocess the remotely sensed data in order to remove 
these errors. Image preprocessing operations normally precede all other image 
manipulation and analysis, such as enhancement or classification. The 
preprocessing of remotely sensed image (image restoration) consists of geometric 
and radiometric characteristics analysis. by realizing these features, it is possible to 
correct image distortion and improve the image quality and readability. Image 
restoration is usually implemented to correct distortion, to remove degradation, and 
to reduce noise introduced during the image process. Image restoration produces a 
corrected image that is as close as possible, both geometrically and radiometrically, 
to the radiant energy characteristics of the original scene. All the geometric and 
radiometric distortions are corrected and reduced by the application of appropriate 
digital techniques which can be summarized as shown in figure (5-1). 

Figure: (5-1) Satellite Image Processing. 
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5.2Radiometric Correction 

 Ideally, the radiant flux recorded by a remote sensing system in various 
bands is an accurate representation of the radiant flux actually leaving the feature 
of interest (e.g., soil, vegetation, water, or urban land cover) on earth‘s surface. 
Unfortunately, noise (error) can enter the data collection system at several points. 
For example, radiometric error in remotely sensed data may be introduced by the 
sensor system itself when the individual detectors do not function properly or are 
improperly calibrated. Second, the intervening atmosphere between the terrain of 
interest and the remote sensing system can contribute so much noise that the 
energy recorded by the sensor does not resemble that which was reflected or 
emitted by the terrain. 
5.3Geometric Correction 

 All remote sensing imagery are inherently subject to geometric distortions. 
These distortions may be due to several factors, including: the perspective of the 
sensor optics; the motion of the scanning system; the motion of the platform; the 
platform altitude, attitude, and velocity; the terrain relief; and, the curvature and 
rotation of the Earth. 

Geometric corrections are intended to compensate for these distortions so that 
the geometric representation of the imagery will be as close as possible to the real 
world. The geometric distortions may be divided into two classes: 

1. Systematic distortion: those that can be corrected using data from platform 
ephemeris and knowledge of internal sensor distortion. 

2. Nonsystematic distortion: those that cannot be corrected with acceptable 
accuracy without a sufficient number of ground control points, which are 
used to establish a relationship between the ground and image. 

5.3.1 Systematic distortions 

 The systematic distortions of the image can be classified as: 
1- Scan Skew: Caused by the forward motion if the platform during the 

time required for each mirror sweep. The ground swath is not normal 
to the ground track but is slightly skewed, producing cross-scan 
geometric distortion 
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2- Mirror-Scan Velocity Variance: The mirror scanning rate is usually 
not constant across a given scan, producing along-scan geometric 
distortion. 

3- Panoramic Distortion: The ground area imaged is proportional to the 
tangent of the scan angle rather than to the angle itself. Because data 
are sampled at regular intervals, this produces along-scan distortion. 
(Panoramic distortion is a problem common to all remote imaging systems. It is a 
consequence of scanning a surface from a fixed point or path. Figure (5-4) below 
illustrates the problem. In all such scanners, the instantaneous field of view (IFOV) - the 
angle ϕ- is kept constant. Consequently, the width of a pixel varies depending on the 
look angle θ. We can see that the width is smallest (w) at the nadir point and that it will 
increase for larger values of θ). 

 
 
 

Figure (5-4) effect of look angle on pixel width 
 

4- Platform Velocity: If the speed of the platform changes, the ground 
track covered by successive mirror scans changes, producing along-
track scale distortion 

5- Earth Rotation: Earth rotates as the sensor scans the terrain. This 
results in a shift of the ground swath being scanned, causing along-
scan distortion. 

6- Perspective: For some applications it is desirable to have images 
represent the projection of points on Earth on a plane tangent to Earth 
with all projection lines normal to the plan. This introduces along-
scan distortion. 
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5.3.2 Nonsystematic distortions 

 The nonsystematic distortions of the image can be classified as: 

1- Altitude. If the sensor platform departs from its normal altitude or the 
terrain increases in elevation, this produces changes in scale. 

2- Attitude. One sensor system axis is usually maintained normal to earth‘s 
surface and the other parallel to the spacecraft’s direction of travel. If the 
sensor departs from this attitude, geometric distortion results. 

5.4 Image Rectification 

 Remotely sensed image data are gathered by a satellite or aircraft represent 
the irregular surface of the Earth. Even images of seemingly flat areas are distorted 
by both the curvature of the Earth and the sensor being used. This section covers 
the processes of geometrically correcting an image so that it can be represented on 
a planar surface, conform to other images, and have the integrity of a map.  

Rectification is the process of transforming the data from one grid system into 
another grid system using a geometric transformation. From above, the 
rectification or registration involves the following general steps, regardless of the 
application: 

1. Locating Ground Control Points (GCPs). 
2. Computing and testing a transformation between the original and corrected 

coordinate system. 
3. Creating an output image with the new coordinate. The pixels must be 

resampled to conform to the new grid. 

The two common geometric correction procedures often used by earth 
scientists: image to-map rectification and image-to-image registration. 

a. Image- to-map rectification. It is the process by which the geometry of an 
image area is made planimetric by selecting ground control points from 
corrected topographic map, which represent the same scene of the study area 
shown in the original image. 

b. Image-to-image registration. It is used when images of one area that are 
collected from different sources must be used together.  For comparing 
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separate images pixel by pixel, the pixel grids of each image must conform 
to the other images in the database. Registration is the process of making an 
image conforms to another image by selecting ground control points from 
old corrected imagery for the same scene of the study area. 

5.5 Ground Control Points (GCPs) 

 A ground control point (GCP) is a location on the surface of the Earth (e.g., 
a road intersection) that can be identified on the imagery and located accurately 
on a map. Each GCP has two coordinates system, first the coordinates of input 
image denoted by (X, Y) given in pixel unit, second the coordinates of map 
denoted by (E, N) given in meter unit. The (GCPs) data can be gathered from a 
wide variety of sources, including map, aerial photograph, field survey, and 
Global Positioning System (GPS). 

5.5.1 Selection and minimum number of GCPs 

 The quality of ground control points (GCPs) directly affects the accuracy of 
mathematical model, and that, in turn, determines the outcome of the project. 
The typical GCPs are highway intersection, airport runways, and towers that 
can be clearly identified, accurately located on the image or the map. However 
care must also be given to the locations of the points. A general rule is that there 
should be a distribution of control points around the edges of the image to be 
corrected with a scattering of points over the body of the image. 

 The minimum number of GCP’s required to perform a transformation of 
order (t) for polynomial model equals: 

minimum number of GCP’s =
�(𝑡𝑡 + 1)(𝑡𝑡 + 2)�

2  

For example table (5-1) shows the minimum number of ground control 
points required to perform a transformation for (1st) through (4th) order 
transformation after applying above equation. 
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Table (5-1) Minimum number of GCPs per order of transformation. 

t Order Min. NO. of 
GCP’s 

1 3 

2 6 

3 10 

4 15 

However, because locating GCPs is often imprecise, it best to have many 
extra points, may be twice the number of GCP required to evaluate (t) order 
transform. 

5.6Geometric Correction Models (transformations) 

 A simple geometric model usually requires mathematical functions to relate 
the image space and object space. The general form of the functions can be written 
as: 

𝑥𝑥 = 𝑓𝑓1(𝑋𝑋,𝑌𝑌)   
 𝑦𝑦 = 𝑓𝑓2(𝑋𝑋,𝑌𝑌)  
Where (x, y) are the image coordinates,  (X, Y)  are the object coordinates and  (f1, 
f2) are the mathematical functions which perform the relation between the image 
and object space. 
 The mathematical function parameters are solved with the help of the GCPs 
collected throughout the image. Once the mathematical function parameters are 
determined, the correct positions of each pixel in the image can be estimated by 
these functions. 
5.6.1 Polynomial Transformations 

 Polynomial transformation usually can be used in the transformation 
between image coordinates and object coordinates. The needed transformation can 
be expressed in different orders of the polynomials based on the distortion of the 
image, the number of GCPs and terrain type. The order of the transformation is 
simply the highest exponent used in the polynomial. The first order transform is 
the simple technique in the geometric correction process, it needs the minimum 
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No. of GCPs over other techniques. The elementary transformation such as the 
rotation, shift and scale are accomplished by the first order polynomial model. The 
following equations are used to express the general form of the first order 
polynomial model: 
𝑥𝑥 = ao + a1X + a2Y  
𝑦𝑦 = 𝑏𝑏𝑜𝑜 + 𝑏𝑏1𝑋𝑋 + 𝑏𝑏2𝑌𝑌  
Where (x, y) are coordinates of the GCP in the original input image while (X, Y) 
represent corresponding coordinates of the GCP on the ground or map and (a, b) 
are polynomial coefficients. 
5.7Root Mean Square Error (RMSE) 

A way to measure the accuracy of a geometric rectification algorithm 
(actually, its coefficients) is to compute the Root Mean Squared Error (RMSRerrorR) 
for each ground control point. RMS error is the distance between the input (source) 
location of a GCP and the retransformed location for the same GCP. In other 
words, it is the difference between the desired output coordinate for a GCP and the 
actual output coordinate for the same point, when the point is transformed with the 
geometric transformation. RMS error is calculated with a distance equation: 
𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜𝑒𝑒 = �(𝑥𝑥𝑒𝑒 − 𝑥𝑥𝑖𝑖)2 + (𝑦𝑦𝑒𝑒 − 𝑦𝑦𝑖𝑖)2 
 
Where: 
xi and yi are the input source coordinates. 
xr and yr are the retransformed coordinates. 

RMS error is expressed as a distance in the source coordinate system.  
Residuals are the distances between the source and retransformed coordinates in 
one direction. The X residual is the distance between the source X coordinate and 
the retransformed X coordinate. In the same manner, the Y residual is the distance 
between the source Y coordinate and the retransformed Y coordinates as shown in 
figure (5-5). The RMS error of each point is calculated with a distance formula: 

𝑅𝑅𝑖𝑖 = �𝑋𝑋𝑅𝑅𝑖𝑖2 + 𝑌𝑌𝑅𝑅𝑖𝑖2 

Where: 
Ri = the RMS error for GCPi 
XRRiR = the X residual for GCPi 
YRRi R= the Y residual for GCPi 
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From the residuals, the following calculations are made to determine the 
total RMS error, both of the (X RMS) error, and the (Y RMS) error need to be 
calculated. 

𝑅𝑅𝑥𝑥 = �
1
𝑛𝑛�𝑋𝑋𝑅𝑅𝑖𝑖2

𝑛𝑛

𝑖𝑖=1

 

𝑅𝑅𝑦𝑦 = �
1
𝑛𝑛�𝑌𝑌𝑅𝑅𝑖𝑖2

𝑛𝑛

𝑖𝑖=1

 

𝑇𝑇 = �𝑅𝑅𝑥𝑥2 + 𝑅𝑅𝑦𝑦2 

Where: 
Rx = X RMS error. 
Ry = Y RMS error. 
T = total RMS error. 
n = the number of GCPs. 
i = GCP number. 
XRRiR = the X residual for GCPi. 
YRRiR = the Y residual for GCPi. 

In most cases, it is advantageous to tolerate a certain amount of error rather 
than take a more complex transformation. The amount of RMS error that is 
tolerated can be thought of as a window around each source coordinate, inside 

Fig. (5-5) Residuals and RMS Error per Point. 
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which a retransformed coordinate is considered to be correct (that is, close enough 
to use) as shown in figure (5-6) . For example, if the RMS error tolerance is two, 
then the retransformed pixel can be two pixels away from the source pixel and still 
be considered accurate. 

 
Fig. (5-6) RMS Error Tolerance. 

It is important to remember that RMS error is reported in pixels. Therefore, 
if you are rectifying Landsat TM data and want the rectification to be accurate to 
within 30 meters, the RMS error should not exceed 1.00. 
5.8 Resampling methods 

 In order to actually geometrically correct the original distorted image, a 
procedure called resampling is used to determine the digital values to place in the 
new pixel locations of the corrected output image. The resampling process 
calculates the new pixel values from the original digital pixel values in the 
uncorrected image. There are three common methods for resampling: nearest 
neighbor, bilinear interpolation, and cubic convolution. 

5.8.1 Nearest Neighbor 

 This approach uses the digital value from the pixel in the original image 
which is nearest to the new pixel location in the corrected image. This is the 
simplest method and does not alter the original values, but may result in some pixel 
values being duplicated while others are lost. This method also tends to result in a 
disjointed or blocky image appearance, as shown in figure (5-7). 



University of Technology   
Building & Construction Department / Remote Sensing & GIS lecture  
 

 -12)11 | P a g e  ( 
 

 
Fig. (5-7) Nearest Neighbor Resampling. 

5.8.2 Bilinear Interpolation 

 This method takes a weighted average of four pixels in the 
original image nearest to the new pixel location. The averaging process alters the 
original pixel values and creates entirely new digital values in the output image. 
This may be undesirable if further processing and analysis, such as classification 
based on spectral response, is to be done. If this is the case, resampling may best be 
done after the classification process. The weighted average of the new brightness 
value (𝐵𝐵𝐵𝐵𝑤𝑤𝑡𝑡 ) is computed according to the equation: 

𝐵𝐵𝐵𝐵𝑤𝑤𝑡𝑡 =
∑ 𝑍𝑍𝑘𝑘

𝐷𝐷𝑘𝑘2
4
𝑘𝑘=1

∑ 1
𝐷𝐷𝑘𝑘2

4
𝑘𝑘=1

 

Where (𝑍𝑍𝑘𝑘) are the surrounding four data point values, and �𝐷𝐷𝑘𝑘2� are the distances 
squared from the point to these data points, as shown in figure (5-8). 
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Fig. (5-8) Bilinear Interpolation Resampling. 

5.8.3 Cubic Convolution 

 This method goes even further to calculate a distance weighted average of a 
block of sixteen pixels from the original image which surround the new output 
pixel location, as shown in figure (5-9).  As with bilinear interpolation, this method 
results in completely new pixel values. However, these two methods both produce 
images which have a much sharper appearance and avoid the blocky appearance of 
the nearest neighbor method. 

 
Fig. (5-9) Cubic Convolution Resampling. 
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6. Thermal Infrared Images 
6.1 Principle of  thermal imaging  
6.2 Kinetic heat, radiant flux and temperature 
6.3 Thermal Radiation Law 
6.4 Diurnal Temperature Cycle of Typical  
6.5 Emissivity 
6.6 Thermal sensing system 
6.6.1 Factors effecting to separate the target from background 
6.6.2 Advantage & disadvantage of Thermal Imaging System 
6.6.2.1 The advantages of thermal imaging systems 
6.6.2.2 The disadvantage of thermal imaging systems 

6.6.3 Factors affecting the imagery (Thermal Image) 
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6. Thermal Imaging  
6.1 Principle of thermal Imaging  

All materials, which are above zero degrees Kelvin (-273 degrees C), 
emit infrared energy (EM energy in 3-14 μm). 
Our eyes are only sensitive to visible energy (0.4-0.7 μm). Human 
sense thermal energy through touch, while detectors (sensors) are 
sensitive to all EM spectrums. 
All objects (vegetation, soil, rock, water, concrete, etc) selectively 
absorb solar short-wavelength energy and radiate thermal infrared 
energy.  
The infrared energy emitted from the measured object is converted into 
an electrical signal by the imaging sensor (micro-bolometer) in the 
camera and displayed on a monitor as a color or monochrome thermal 
image. The basic principle is explained in lecture two. 

6.2 Kinetic heat, radiant flux and temperature 
The energy of particles of matter in random motion is called kinetic 
heat (also referred to as internal, real, or true heat).  
We can measure the true kinetic temperature (TRkinR) or concentration of 
this heat using a thermometer.  
We perform this in situ (in place) temperature measurement when we 
are ill.  
We can also measure the true kinetic internal temperature of soil or 
water by physically touching them with a thermometer. When these 
particles (have kinetic heat) collide they change their energy state and 
emit electromagnetic radiation called radiant flux (watts). The 
concentration of the amount of radiant flux exiting (emitted from) an 
object is its radiant temperature (TRradR).  
There is usually a high positive correlation between the true kinetic 
temperature of an object (TRkinR) and the amount of radiant flux radiated 
from the object (TRradR). Therefore, we can utilize radiometers placed 
some distance from the object to measure its radiant temperature which 
hopefully correlates well with the object’s true kinetic temperature. 
This is the basis of thermal infrared remote sensing.  
Unfortunately, the relationship is not perfect, with the remote 
measurement of the radiant temperature always being slightly less than 
the true kinetic temperature of the object. This is due to a thermal 
property called emissivity. 
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6.3 Thermal Radiation Law 

Blackbody (perfect absorber and emitter) 
Stenfan-Boltzmann Law (MRBR= σTP

4
P in WmP

-2
P) 

Wien’s Displacement Law (λRmaxR = 2898/T) 
Emissivity (ε= MRRR/ MRBR) at the same temperature  
𝑀𝑀𝐵𝐵 = 𝜎𝜎𝑇𝑇𝑘𝑘𝑘𝑘𝑘𝑘4   
𝑀𝑀𝑅𝑅 = 𝜎𝜎𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟4   

𝜀𝜀 = 𝑀𝑀𝑅𝑅
𝑀𝑀𝐵𝐵

= 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟
4

𝑇𝑇𝑘𝑘𝑘𝑘𝑘𝑘
4   

The dominant wavelength (λRmaxR ) provides valuable information about 
which part of the thermal spectrum we might want to sense in. For 
example, if we are looking for 800 °K forest fires that have a dominant 
wavelength of approximately 3.62μm then the most appropriate remote 
sensing system might be a 3- 5μm thermal infrared detector.  

- MODIS band 20-25 are in3-5 μm 
 If we are interested in soil, water, and rock with ambient temperatures 
on the earth’s surface of 300 °K and a dominant wavelength of 9.66 
μm, then a thermal infrared detector operating in the (8-14μm) region 
might be most appropriate.  

- Landsat image thermal band (6) is in 10.4μm- 12.5μm  
- ASTER band 12 and 13 are in (8-14 μm)  
- MODIS band 29-30 and 31- 32 are in (8-14 μm) 

6.4  Diurnal Temperature Cycle of Typical  
The diurnal cycle encompasses 24 hours. Beginning at sunrise, the 
earth begins intercepting mainly short wavelength energy (0.4 -0.7 μm) 
from the Sun. From about 6:00 am to 8:00 pm, the terrain intercepts the 
incoming short wavelength energy and reflects much of it back into the 
atmosphere where we can use optical remote sensors to measure the 
reflected energy. 
However, some of the incident short wavelength energy is absorbed by 
terrain and then re-radiated back into the atmosphere as thermal 
infrared long wavelength radiation (3-100μm). The outgoing long 
wavelength radiation reaches its highest value during the day when the 
surface temperature is highest.  
This peak usually lags two to four hours after the midday peak of 
incoming shortwave radiation, owing to the time taken to heat the soil.  
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The contribution of reflected short wavelength energy and emitted long 
wavelength energy causes an energy surplus to take place during the 
day. Both incoming and outgoing shortwave radiation become zero 
after sunset (except for light from the moon and stars), but outgoing 
long wave radiation continues all night  

 
 
  

 
 

At the thermal crossover times, most of the materials have the almost 
same radiant temperature; it is not wise to do thermal remote sensing. 
Water and vegetation have higher thermal capacity. In different time of 
thermal images, there are different performances even the materials. 
 

 
Peak Period of Daily Peak Outgoing Long-wave Radiation and the 
Diurnal Radiant Temperature of Soils and Rocks, Vegetation, Water, 
Moist Soil and Metal Objects 
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6.5 Emissivity 
The intensity of the emittance is a function of the temperature of the 
material. In other words, the higher the temperature, the greater the 
intensity of infrared energy that is emitted. 
As well as emitting infrared energy, materials also reflect infrared, 
absorb infrared and, in some cases, transmit infrared. When the 
temperature of the material equals that of its surroundings, the amount 
of thermal radiation absorbed by the object equals the amount emitted 
by the object. 

 
Two rocks lying next to one another on the ground could have the 
same true kinetic temperature but have different radiant temperatures 
when sensed by a thermal radiometer simply because their emissivities 
are different. The emissivity of an object may be influenced by a 
number of factors, including: 

 
1. Color -darker colored objects are usually better absorbers and 

emitters (i.e. they have a higher emissivity) than lighter colored 
objects which tend to reflect more of the incident energy.  

2. Surface roughness-the greater the surface roughness of an object 
relative to the size of the incident wavelength, the greater the 
surface area of the object and potential for absorption and re-
emission of energy.  

3. Moisture content-the more moisture an object contains, the 
greater its ability to absorb energy and become a good emitter. 
Wet soil particles have a high emissivity similar to water.  

4. Compaction-the degree of soil compaction can effect emissivity. 
5. Field-of-view-the emissivity of a single leaf measured with a 

very high resolution thermal radiometer will have a different 
emissivity than an entire tree crown viewed using a coarse 
spatial resolution radiometer. 

6. Wavelength-the emissivity of an object is generally considered 
to be wavelength dependent. For example, while the emissivity 
of an object is often considered to be constant throughout the     
(8 -14 μm) region, its emissivity in the (3 -5 μm) region may be 
different.  

7. Viewing angle-the emissivity of an object can vary with sensor 
viewing angle 
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We must take into account an object’s emissivity when we use our 
remote radiant temperature measurement to measure the object’s true 
kinetic temperature. This is done by applying Kirchoff’s radiation law 

 
UKirchhoff's radiation law 


Φiλ = Φrλ + Φτλ + Φαλ  
1 = rλ + 𝜏𝜏𝜆𝜆 + 𝛼𝛼𝜆𝜆  
Kirchoff found in the infrared portion of the spectrum 𝛼𝛼𝜆𝜆 = 𝜀𝜀𝜆𝜆  
Most materials does not lose any incident energy to transmittance, i.e. 
𝜏𝜏𝜆𝜆 = 0, so we can get  
1 = 𝑟𝑟𝜆𝜆 + 𝛼𝛼𝜆𝜆 = 𝑟𝑟𝜆𝜆 + 𝜀𝜀𝜆𝜆  
This means reflectivity and emissivity has a inverse relationship; “good 
absorbers are good emitters”and “good reflectors are poor emitters” 
Black body radiation (W mP

-2
PμmP

-1
PsrP

-1
P) using Planck equation: 

𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝐵𝐵𝑘𝑘  𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏  (𝜆𝜆,𝑇𝑇) =
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝐵𝐵

𝜆𝜆 .𝑘𝑘 .𝑇𝑇� − 1
 

T- is the physical (kinetic) temperature 
Through radiance recorded by a remote sensor, if we use the Planck 
equation, we can get a temperature, which we call brightness 
temperature TRbR, which is less than the real physical (or surface) 
temperature T.  

𝑅𝑅(𝜆𝜆,𝑇𝑇𝑏𝑏) =
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝐵𝐵

𝜆𝜆 .𝑘𝑘 .𝑇𝑇𝑏𝑏� − 1
 

=  𝜀𝜀𝜆𝜆 .𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝐵𝐵𝑘𝑘  𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏  (𝜆𝜆,𝑇𝑇) =  𝜀𝜀𝜆𝜆  .
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝐵𝐵

𝜆𝜆 .𝑘𝑘 .𝑇𝑇� − 1
 

𝑇𝑇 =
ℎ. 𝐵𝐵

𝑘𝑘. 𝜆𝜆. ln(1 − 𝜀𝜀𝜆𝜆 + 𝜀𝜀𝜆𝜆  𝑒𝑒
ℎ𝐵𝐵

𝑘𝑘𝜆𝜆𝑇𝑇𝐵𝐵�
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6.6 Thermal Sensing Systems 

Thermal scanner is one of the most important thermal sensing systems, 
a particular kind of across track multispectral scanner which senses in 
the thermal portion of the electromagnetic spectrum by means of 
inbuilt detectors. These systems are restricted to operating in either 3 to 
5 I-lm or 8 to 14 μm range of wavelengths. The operation and the 
efficiency of this type of scanning systems are based on the 
characteristics of the detectors. Quantum or photon detectors are 
typically used to detect the thermal radiation. These detectors operate 
on the principle of direct interaction between photons of radiation 
incident on them and the energy levels of electrical charge carriers 
within the detector material. The spectral sensitivity range and the 
operating temperatures of three photon detectors which are common in 
use are as follows: 
Type  Abbreviation  Useful spectral range (μm) 
Mercury-doped germanium Ge:Hg 3 - 14 
Indium antimonide In Sb 3 – 5 
Mercury Cadmium telluride Hg cd Te (MCT) 3 - 14 

 
Fig. below illustrates schematically the basic operation of a thermal 
scanner system. A thermal scanner image is a pictorial representation of 
the detector response on a line-by-line basis. The usual convention when 
looking at the earth's surface is to have higher radiant temperature areas 
displayed as lighter toned image areas. 
Geometrical characteristics of both along track and across track scanner 
imageries, and radiometric calibrations of these sensing systems should 
be considered in the design of the thermal scanning systems. The 
geometrical characteristic of across-track scanner imagery, such as like 
spatial resolution and ground coverage, tangential scale distortions, 
resolution cell size variat ions and one-dimensional relief displacement, 
are some of the geometrical parameters to be considered in the design of 
thermal and multispectral scanners. Radiometric calibration of thermal 
scanners can be performed through a number of approaches and each has 
its own degree of accuracy. Methods used are internal blackbody source 
referencing and air-to-ground calibration. 
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Fig. Across-track thermal scanner schematic 
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6.6.1 Factors effecting to separate the target from 
background : 

- Temerature , the temperature of man-made targets is often higher 
than the temperature of most of background .Therefore the radiation 
from the target is often higher than the radiation from the 
background . Both man-mande and natural objects have rather high 
emissivity in the part of the spectrum concerned . By paint , the 
targets can be given similar emissivity as the background. 

- Size , the size of target can sometimes  be  advantageous for 
detection. If the target itself is small and hot or if it contains small 
and hot spots these can easily be detected by special filtering 
techniques.  

6.6.2 Advantage & disadvantage of Thermal Imaging System  
6.6.2.1 The advantages of thermal imaging systems are: 

1) They are passive; i.e. no revealing radiation is emitted by the system. 
2) They operate day and night, i.e. they do not dependent on sun or start 

illumination. 
6.6.2.2 The main disadvantage  

1) Is the need for reasonably good visibility conditions due to scattering 
in fog and rain. 

2) The interpretation of picture takes a trained person because  emitted 
thermal radiation , and not the ordinary reflected solar radiation, is 
used to produce the picture. 
 

6.6.3   Factors affecting the imagery (Thermal Image) 
1. Solar gain. During the daytime direct sunlight differentially heats 

objects according to their thermal characteristics. This can be an 
advantage in looking for specific differences in tonal signature from 
differing materials. However, there is the problem of shadowing by 
trees, buildings and other objects, which causes thermal shading, and 
orientation, which leads to differential heating, patterns on slopes. 

2. Air temperature. The stability and variation in the temperature range 
throughout the expected survey period can have a significant bearing 
upon the interpretation. This is particularly important for 
examination of building heat loss where the maximum difference 
between internal and external temperature is required. For this 
application, the air temperature is required to below C6+ . 
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3. Wind. Wind speeds are required to be below 15 knots and preferably 
around 5 knots. There are two reasons for this firstly, low wind 
speed reduces the amount of buffeting the aircraft receive; secondly, 
high winds result in strong wind shadows and differential cooling 
and an increase in the convective rather than radiative temperature 
loss. 

4. Look angle. The scanner scans the ground perpendicular to the line 
of flight and as such only the area directly beneath the scanner is 
viewed vertically (see figure). Away from the nadir the scanner 
“Looks” at an angle to the ground surface, and for buildings a 
compressed view of walls is achieved.  
 

 

 

 

 

5. Survey timing. The mission planning is an important factor in terms 
of type of results required. For example, the scanning of hot water 
from a power station must be completed during the period of power 
generation. Effects of tides and currents, for example also have to be 
taken into account.  
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6. Thermal Imaging  
6.1 Principle of thermal Imaging  

All materials, which are above zero degrees Kelvin (-273 degrees C), 
emit infrared energy (EM energy in 3-14 μm). 
Our eyes are only sensitive to visible energy (0.4-0.7 μm). Human 
sense thermal energy through touch, while detectors (sensors) are 
sensitive to all EM spectrums. 
All objects (vegetation, soil, rock, water, concrete, etc) selectively 
absorb solar short-wavelength energy and radiate thermal infrared 
energy.  
The infrared energy emitted from the measured object is converted into 
an electrical signal by the imaging sensor (micro-bolometer) in the 
camera and displayed on a monitor as a color or monochrome thermal 
image. The basic principle is explained in lecture two. 

6.2 Kinetic heat, radiant flux and temperature 
The energy of particles of matter in random motion is called kinetic 
heat (also referred to as internal, real, or true heat).  
We can measure the true kinetic temperature (TRkinR) or concentration of 
this heat using a thermometer.  
We perform this in situ (in place) temperature measurement when we 
are ill.  
We can also measure the true kinetic internal temperature of soil or 
water by physically touching them with a thermometer. When these 
particles (have kinetic heat) collide they change their energy state and 
emit electromagnetic radiation called radiant flux (watts). The 
concentration of the amount of radiant flux exiting (emitted from) an 
object is its radiant temperature (TRradR).  
There is usually a high positive correlation between the true kinetic 
temperature of an object (TRkinR) and the amount of radiant flux radiated 
from the object (TRradR). Therefore, we can utilize radiometers placed 
some distance from the object to measure its radiant temperature which 
hopefully correlates well with the object’s true kinetic temperature. 
This is the basis of thermal infrared remote sensing.  
Unfortunately, the relationship is not perfect, with the remote 
measurement of the radiant temperature always being slightly less than 
the true kinetic temperature of the object. This is due to a thermal 
property called emissivity. 
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6.3 Thermal Radiation Law 

Blackbody (perfect absorber and emitter) 
Stenfan-Boltzmann Law (MRBR= σTP

4
P in WmP

-2
P) 

Wien’s Displacement Law (λRmaxR = 2898/T) 
Emissivity (ε= MRRR/ MRBR) at the same temperature  
𝑀𝑀𝐵𝐵 = 𝜎𝜎𝑇𝑇𝑘𝑘𝑘𝑘𝑘𝑘4   
𝑀𝑀𝑅𝑅 = 𝜎𝜎𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟4   

𝜀𝜀 = 𝑀𝑀𝑅𝑅
𝑀𝑀𝐵𝐵

= 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟
4

𝑇𝑇𝑘𝑘𝑘𝑘𝑘𝑘
4   

The dominant wavelength (λRmaxR ) provides valuable information about 
which part of the thermal spectrum we might want to sense in. For 
example, if we are looking for 800 °K forest fires that have a dominant 
wavelength of approximately 3.62μm then the most appropriate remote 
sensing system might be a 3- 5μm thermal infrared detector.  

- MODIS band 20-25 are in3-5 μm 
 If we are interested in soil, water, and rock with ambient temperatures 
on the earth’s surface of 300 °K and a dominant wavelength of 9.66 
μm, then a thermal infrared detector operating in the (8-14μm) region 
might be most appropriate.  

- Landsat image thermal band (6) is in 10.4μm- 12.5μm  
- ASTER band 12 and 13 are in (8-14 μm)  
- MODIS band 29-30 and 31- 32 are in (8-14 μm) 

6.4  Diurnal Temperature Cycle of Typical  
The diurnal cycle encompasses 24 hours. Beginning at sunrise, the 
earth begins intercepting mainly short wavelength energy (0.4 -0.7 μm) 
from the Sun. From about 6:00 am to 8:00 pm, the terrain intercepts the 
incoming short wavelength energy and reflects much of it back into the 
atmosphere where we can use optical remote sensors to measure the 
reflected energy. 
However, some of the incident short wavelength energy is absorbed by 
terrain and then re-radiated back into the atmosphere as thermal 
infrared long wavelength radiation (3-100μm). The outgoing long 
wavelength radiation reaches its highest value during the day when the 
surface temperature is highest.  
This peak usually lags two to four hours after the midday peak of 
incoming shortwave radiation, owing to the time taken to heat the soil.  
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The contribution of reflected short wavelength energy and emitted long 
wavelength energy causes an energy surplus to take place during the 
day. Both incoming and outgoing shortwave radiation become zero 
after sunset (except for light from the moon and stars), but outgoing 
long wave radiation continues all night  

 
 
  

 
 

At the thermal crossover times, most of the materials have the almost 
same radiant temperature; it is not wise to do thermal remote sensing. 
Water and vegetation have higher thermal capacity. In different time of 
thermal images, there are different performances even the materials. 
 

 
Peak Period of Daily Peak Outgoing Long-wave Radiation and the 
Diurnal Radiant Temperature of Soils and Rocks, Vegetation, Water, 
Moist Soil and Metal Objects 
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6.5 Emissivity 
The intensity of the emittance is a function of the temperature of the 
material. In other words, the higher the temperature, the greater the 
intensity of infrared energy that is emitted. 
As well as emitting infrared energy, materials also reflect infrared, 
absorb infrared and, in some cases, transmit infrared. When the 
temperature of the material equals that of its surroundings, the amount 
of thermal radiation absorbed by the object equals the amount emitted 
by the object. 

 
Two rocks lying next to one another on the ground could have the 
same true kinetic temperature but have different radiant temperatures 
when sensed by a thermal radiometer simply because their emissivities 
are different. The emissivity of an object may be influenced by a 
number of factors, including: 

 
1. Color -darker colored objects are usually better absorbers and 

emitters (i.e. they have a higher emissivity) than lighter colored 
objects which tend to reflect more of the incident energy.  

2. Surface roughness-the greater the surface roughness of an object 
relative to the size of the incident wavelength, the greater the 
surface area of the object and potential for absorption and re-
emission of energy.  

3. Moisture content-the more moisture an object contains, the 
greater its ability to absorb energy and become a good emitter. 
Wet soil particles have a high emissivity similar to water.  

4. Compaction-the degree of soil compaction can effect emissivity. 
5. Field-of-view-the emissivity of a single leaf measured with a 

very high resolution thermal radiometer will have a different 
emissivity than an entire tree crown viewed using a coarse 
spatial resolution radiometer. 

6. Wavelength-the emissivity of an object is generally considered 
to be wavelength dependent. For example, while the emissivity 
of an object is often considered to be constant throughout the     
(8 -14 μm) region, its emissivity in the (3 -5 μm) region may be 
different.  

7. Viewing angle-the emissivity of an object can vary with sensor 
viewing angle 
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We must take into account an object’s emissivity when we use our 
remote radiant temperature measurement to measure the object’s true 
kinetic temperature. This is done by applying Kirchoff’s radiation law 

 
UKirchhoff's radiation law 


Φiλ = Φrλ + Φτλ + Φαλ  
1 = rλ + 𝜏𝜏𝜆𝜆 + 𝛼𝛼𝜆𝜆  
Kirchoff found in the infrared portion of the spectrum 𝛼𝛼𝜆𝜆 = 𝜀𝜀𝜆𝜆  
Most materials does not lose any incident energy to transmittance, i.e. 
𝜏𝜏𝜆𝜆 = 0, so we can get  
1 = 𝑟𝑟𝜆𝜆 + 𝛼𝛼𝜆𝜆 = 𝑟𝑟𝜆𝜆 + 𝜀𝜀𝜆𝜆  
This means reflectivity and emissivity has a inverse relationship; “good 
absorbers are good emitters”and “good reflectors are poor emitters” 
Black body radiation (W mP

-2
PμmP

-1
PsrP

-1
P) using Planck equation: 

𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝐵𝐵𝑘𝑘  𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏  (𝜆𝜆,𝑇𝑇) =
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝐵𝐵

𝜆𝜆 .𝑘𝑘 .𝑇𝑇� − 1
 

T- is the physical (kinetic) temperature 
Through radiance recorded by a remote sensor, if we use the Planck 
equation, we can get a temperature, which we call brightness 
temperature TRbR, which is less than the real physical (or surface) 
temperature T.  

𝑅𝑅(𝜆𝜆,𝑇𝑇𝑏𝑏) =
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝐵𝐵

𝜆𝜆 .𝑘𝑘 .𝑇𝑇𝑏𝑏� − 1
 

=  𝜀𝜀𝜆𝜆 .𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝐵𝐵𝑘𝑘  𝑏𝑏𝑏𝑏𝑟𝑟𝑏𝑏  (𝜆𝜆,𝑇𝑇) =  𝜀𝜀𝜆𝜆  .
2ℎ𝐶𝐶2

𝜆𝜆5 .
1

𝑒𝑒
ℎ𝐵𝐵

𝜆𝜆 .𝑘𝑘 .𝑇𝑇� − 1
 

𝑇𝑇 =
ℎ. 𝐵𝐵

𝑘𝑘. 𝜆𝜆. ln(1 − 𝜀𝜀𝜆𝜆 + 𝜀𝜀𝜆𝜆  𝑒𝑒
ℎ𝐵𝐵

𝑘𝑘𝜆𝜆𝑇𝑇𝐵𝐵�
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6.6 Thermal Sensing Systems 

Thermal scanner is one of the most important thermal sensing systems, 
a particular kind of across track multispectral scanner which senses in 
the thermal portion of the electromagnetic spectrum by means of 
inbuilt detectors. These systems are restricted to operating in either 3 to 
5 I-lm or 8 to 14 μm range of wavelengths. The operation and the 
efficiency of this type of scanning systems are based on the 
characteristics of the detectors. Quantum or photon detectors are 
typically used to detect the thermal radiation. These detectors operate 
on the principle of direct interaction between photons of radiation 
incident on them and the energy levels of electrical charge carriers 
within the detector material. The spectral sensitivity range and the 
operating temperatures of three photon detectors which are common in 
use are as follows: 
Type  Abbreviation  Useful spectral range (μm) 
Mercury-doped germanium Ge:Hg 3 - 14 
Indium antimonide In Sb 3 – 5 
Mercury Cadmium telluride Hg cd Te (MCT) 3 - 14 

 
Fig. below illustrates schematically the basic operation of a thermal 
scanner system. A thermal scanner image is a pictorial representation of 
the detector response on a line-by-line basis. The usual convention when 
looking at the earth's surface is to have higher radiant temperature areas 
displayed as lighter toned image areas. 
Geometrical characteristics of both along track and across track scanner 
imageries, and radiometric calibrations of these sensing systems should 
be considered in the design of the thermal scanning systems. The 
geometrical characteristic of across-track scanner imagery, such as like 
spatial resolution and ground coverage, tangential scale distortions, 
resolution cell size variat ions and one-dimensional relief displacement, 
are some of the geometrical parameters to be considered in the design of 
thermal and multispectral scanners. Radiometric calibration of thermal 
scanners can be performed through a number of approaches and each has 
its own degree of accuracy. Methods used are internal blackbody source 
referencing and air-to-ground calibration. 
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Fig. Across-track thermal scanner schematic 
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6.6.1 Factors effecting to separate the target from 
background : 

- Temerature , the temperature of man-made targets is often higher 
than the temperature of most of background .Therefore the radiation 
from the target is often higher than the radiation from the 
background . Both man-mande and natural objects have rather high 
emissivity in the part of the spectrum concerned . By paint , the 
targets can be given similar emissivity as the background. 

- Size , the size of target can sometimes  be  advantageous for 
detection. If the target itself is small and hot or if it contains small 
and hot spots these can easily be detected by special filtering 
techniques.  

6.6.2 Advantage & disadvantage of Thermal Imaging System  
6.6.2.1 The advantages of thermal imaging systems are: 

1) They are passive; i.e. no revealing radiation is emitted by the system. 
2) They operate day and night, i.e. they do not dependent on sun or start 

illumination. 
6.6.2.2 The main disadvantage  

1) Is the need for reasonably good visibility conditions due to scattering 
in fog and rain. 

2) The interpretation of picture takes a trained person because  emitted 
thermal radiation , and not the ordinary reflected solar radiation, is 
used to produce the picture. 
 

6.6.3   Factors affecting the imagery (Thermal Image) 
1. Solar gain. During the daytime direct sunlight differentially heats 

objects according to their thermal characteristics. This can be an 
advantage in looking for specific differences in tonal signature from 
differing materials. However, there is the problem of shadowing by 
trees, buildings and other objects, which causes thermal shading, and 
orientation, which leads to differential heating, patterns on slopes. 

2. Air temperature. The stability and variation in the temperature range 
throughout the expected survey period can have a significant bearing 
upon the interpretation. This is particularly important for 
examination of building heat loss where the maximum difference 
between internal and external temperature is required. For this 
application, the air temperature is required to below C6+ . 
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3. Wind. Wind speeds are required to be below 15 knots and preferably 
around 5 knots. There are two reasons for this firstly, low wind 
speed reduces the amount of buffeting the aircraft receive; secondly, 
high winds result in strong wind shadows and differential cooling 
and an increase in the convective rather than radiative temperature 
loss. 

4. Look angle. The scanner scans the ground perpendicular to the line 
of flight and as such only the area directly beneath the scanner is 
viewed vertically (see figure). Away from the nadir the scanner 
“Looks” at an angle to the ground surface, and for buildings a 
compressed view of walls is achieved.  
 

 

 

 

 

5. Survey timing. The mission planning is an important factor in terms 
of type of results required. For example, the scanning of hot water 
from a power station must be completed during the period of power 
generation. Effects of tides and currents, for example also have to be 
taken into account.  
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7. Active Remote Sensing  (Radar Images) 
7.1 Active Remote Sensing in the Microwave 
7.2 Terrestrial surface objects parameters 
7.2.1 Surface roughness 
7.2.2 Electrical characteristics 
7.3 Radar System  parameters 
7.3.1 Incident signal wavelength (λ)  
7.3.2 Signal polarization 
7.3.3 Inclination angle of the acquisition & Spatial Resolution  
7.4 Advantages of Using Radar Data 
7.5 Radar Sensor Types 
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7. Active remote sensing  
7.1 Active Remote Sensing in the Microwave 

Radar is an active sensor made by a sensing system based on the principle 
of echo, in which the transmitter periodically radiates energy in the form 
of high power and very short duration microwave impulses towards the 
observed scene. The radar system coherently records the backscattered 
signal and derives information about the distance of many backscatterers 
in the scene by calculating the temporal delay from sent signal to received 
echo. 
A strongly directive antenna irradiates radar impulses by transmitting 
them towards the target at flight speed. 
If transmitted impulses do not encounter any obstacles, they are not 
backscattered, while if they encounter an object, a ship, a mountain, a 
building, a small part of irradiated energy goes back to the transmitting 
antenna in a very short time in the form of an echo and is visualized as 
light spots. 
As the propagation speed is exactly known, the distance of the target can 
be retrieved by the time the signal takes to reach it and go back. 
Independently of the architecture used, a classic radar system can 
perfectly retrieve accurate information about the distance and speed of 
isolated objects, in any weather and illumination conditions.  
Working with active microwaves has many advantages mainly related to 
the capacity to cross through the cloud blanket (in fact atmosphere 
attenuation is in practice null for wavelengths higher than 3 cm) and to 
the independence of the Sun illumination. This permits, for instance, the 
surveying of tropical areas, often covered by clouds and strongly 
influenced by air humidity. A radar system comprises a transmitter 
emitting a beam of electromagnetic waves, usually modulated by pulses 
and with a depression angle, and by a receiver measuring the intensity of 
the backscattered radiation, called backscattering radiation (Figs. 7.1 and 
7.2). Usually the same antenna is used to alternatively transmit and 
receive (Fig. 7. 3). 
Radar images are made up of pixels whose value is proportional to the 
power of the signal reflected from the corresponding cell on the ground to 
the antenna.  
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Fig. 7.1 An active microwave sensor (Imaging radar carried by either aircraft or 
satellite) is an instrument that transmits a microwave signal and then receives its 
reflection as the basis for forming digital or pictorial images of the Earth’s surface 

Fig. 7.2 Geometric differences of the optical and radar systems: (a) geometry of a 
vertical acquisition (nadir) of an optical image and (b) geometry of the acquisition 
of a radar image: incident angle of acquisition of the radar image 
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The equation for radar bands retrieving the average backscattered energy 
per each image point is 

< 𝑃𝑃𝑟𝑟 >= 𝑃𝑃𝑡𝑡 �
𝐺𝐺2. 𝜆𝜆2

(4𝜋𝜋)3.𝑅𝑅4� .𝜎𝜎0 

Where:  
< Pr >: average received power from the antenna; 
 PRtR: transmitted power from the antenna;  
G: gain for the radar antenna;  
λ: radar wavelength; 
 R: range from the radar antenna to the target;  
σR0R : coefficient of backscattering (targets scattering cross section). 
The backscattering coefficient (σR0R) to which the scattering by the surface 
of the radar bands is related depends on parameters as a function of the 
radar acquisition phase (Fig. 7. 4): 
 
 
 
 
 

Fig. 7. 3 The fundamental principle of radar imagery acquisition: (a) radar pulse and 
(b) echo or backscattering In the radar (radio detection and ranging), the ranging 
capability is achieved by measuring the time delay from the time a signal is 
transmitted towards the terrain until its echo is received. The distance is a function of 
the propagation velocity of the signal. 
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7.2 Terrestrial surface objects parameters: 
 Roughness, water content or humidity, dielectric constant, electric 
resistivity, surface geometry, surface position; 

7.2.1 Surface roughness 
Surface roughness is one of the important target characteristics that 
influences the strength of backscatter and must be considered in 
relation to the scale at which the target is being observed. Three scales 
are often described: Microscale roughness, Mesoscale roughness and 
Macroscale roughness, associated respectively with image tone, 
image texture and topographic effects. 
Microscale roughness refers to the scale of small components 
(targets) within an individual pixel such as leaves and branches of trees 
or stones. Microscale  is measured in centimeters and is a function of 
wavelength, the depression angle and the height of target or component 
of target. The modified Rayleigh criteria can be used to express this 
relationship: 

Fig. 7.4 Parameters of the radar system and of the objects on the Earth’s 
surface that could influence the backscattering 
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ℎ ≤
𝜆𝜆

25 sin 𝛾𝛾 

Where:    
h is the local height of target or component of target, 
λ is the wavelength in cm  
 γ is the depression angle in degrees.  

Computing h using this criteria for λ = 3 cm (X band) and γ= 45°, 
results in h < 0.17 cm. If the local height of target is < 0.17 cm the 
target’s surface is considered smooth and a near-perfect specular 
reflector. 
Therefore it will produce a dark tone in the image as no radiation will 
be backscattered to the sensor. 
Table 7.1, figure7.5 shows the modified Rayleigh criteria for radars 
with different parameters. 
Owing to intrinsic variations of depression angle from far range to near 
range, the image tone will also vary across the image. 

 
 

 
 
 
 
 
 
 

They have also derived a rough criterion that considers a surface to be 
rough if 

ℎ ≥
𝜆𝜆

4.4 sin 𝛾𝛾 

The intermediate surface considers equation   ℎ = 𝜆𝜆
8 sin 𝛾𝛾

 

Table 7.1: 
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Mesoscale surface roughness is related to image texture and is a 
function of the characteristics of numerous pixels covering a single 
target, for instance, an entire forest canopy. With the same λ and γ, a 
forest canopy will present a coarser roughness (texture) than grassland. 
Macroscale surface roughness is influenced by shadow caused by 
topographic slope and the aspect of the terrain. The macro-texture 
patterns created by shadow are often many times larger than an 
individual pixel. 
Particular types of strong scattering occur when two or three smooth 
surfaces are adjacent, causing double or triple reflection. In this case 
the surfaces are known as dihedral or trihedral corner reflectors. 
 
 
 

Figure 7.5: Model of surface roughness  
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7.2.2 Electrical characteristics 
The electrical characteristics of targets also determine the intensity of 
backscatter. 
The complex dielectric constant is a measure of the electrical 
characteristics of objects, indicating the reflectivity and conductivity of 
various materials. The moisture content within materials has a direct 
influence on the dielectric constant and reflectivity. The more liquid 
water within a material the more reflectivity/backscatter is produced. 

Most materials have a dielectric constant ranging from 3 to 8 when 
dry, while water has a dielectric constant of around 80. Forest 
canopies are excellent reflectors because of the leaves high moisture 
content, while dry soils absorb the radar signal and produce very low 
(or no) backscatter. 

7.3Radar System  parameters 
7.3.1 Incident signal wavelength (λ)  

(λ) Theoretical interval that can be used for radar observation ranges 
from 1 mm to 1 m, as already said, and it is in practice used from 0.8 
cm to 1 m (Table 7.2). Since a body must have a size similar to the 
electromagnetic wavelength to be able to interact with it, atmosphere 
components are not obstacles to radar wave penetration. Most of 
imaging radars operate in a single band, defined either by its 
frequency (preferred by engineers) or wavelength (preferred by 
geoscientists). 
Radar signal penetration depth increases as the wavelength increases 
and is a function of the characteristics of the detected surface. 

 
 
 

7.3.2 Signal polarization: 
 a radar signal can be generated in such a way so that wave 
oscillations are limited to only one plane perpendicular to the 
propagation direction: in this case the wave is said to be polarized 
(Fig. 7.6). Independent of the wavelength, it can be transmitted or 

Table 7.2 Radar band defined by wavelength and frequency: the most 
used intervals are in band X, C and L 
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perceived in different polarizations: usually vertical (V) and 
horizontal (H) planes are considered. Four combinations are possible: 
- HH and VV, waves transmitted and received respectively in 

horizontal and vertical polarization; 
- HV and VH, waves transmitted and received with cross-

polarization. 
The acquisitions in radar bands allow one to control the radiation emitted 
by the antenna in energy; frequency (MHz); polarization (HH, HV, VH, 
VV); direction (angles of depression and azimuth)  

 

 

 
 

7.3.3 Inclination angle of the acquisition & Spatial Resolution  
 The reflected energy is influenced by inclination angle variations. 
Higher inclination angles allow a wider ground exploration and a better 
image resolution, although the reflected signal (backscattering) intensity 
decreases; in the case of satellite sensors, incidence angle variations can 
be disregarded. 

Fig. 7.6 Polarization of the radar frequency transmitted by the antenna; V: 
vertical; H: horizontal. If the backscattering signal is recorded in V polarization, 
the resulting polarization signals are respectively VV and HV. Inversely, with H 
polarization reception, polarizations VH and HH are obtained 
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 They also provide information about sub-surface phenomena, as a 
function of the biomass density and water content, using parameters 
describing surface properties different to the ones described by the optical 
bands. The resulting intensity is related to the quantity of energy 
backscattered by the elements present (scatterers). 
 Radar image geometry is derived by the manner of data 
acquisition, as shown in the simplified scheme in Fig.7.3: the radar 
system sees the ground with a perspective corresponding to an oblique 
line (slant range) from the antenna to the object on the ground. The back 
signals, echo radar, of the emitted impulses are registered in a temporal 

Fig7.7: Radar Angle Nomenclature   
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sequence and provide the image transversal component (across track). 
The longitudinal component (along track) results from the continuous 
emission of impulses while the system including the antenna on the 
platform moves along the flight direction. If the resolution along the 
flight line, or azimuth resolution, is inversely proportional to the 
dimension of the antenna sending the signals and proportional to the 
radar-target distance and to the radar wavelength, the spatial resolution in 
range distance direction δRRR, slant range is proportional to the transmitted 
impulses duration (τ): 

Range Resolution  = Rgr = δR =
c. τ

2. cosγ
 

Rsr = δR =
c. τ
2

=
c

2β
  

Where: 

c- Light speed, β- Pulse bandwidth, τ- Pulse duration, γ- Depression angle  

 
      It can be shown that the ground range (RRgrR) size of a resolution 

element (pixel) is also given by look angle (𝜙𝜙RlR) (Fig. 7.8):  

δR =
cτ

2 sin ϕL
 

                             

                                               δR =  c
2 β  sin  ϕL
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Fig.7.8  

 To obtain distance resolutions lower than 10 m, it is necessary to 
transmit impulses with duration lower than 66 ns or to use a frequency 
higher than 15 MHz. 
In practice linearly modulated at much higher duration frequency 
impulses are transmitted, and then compressed with a filter adapted for 
data numerical processing. 
With regard to the azimuth direction, the movement of the platform in 
relation to ground objects is used to synthesize a large-size antenna while 
in reality, it is small (from which the name of these Synthetic Aperture 
Radar systems was derived, abbreviated as SAR). In fact to have a 
resolution of 5 m at the frequency of 1 GHz and altitude of 800 km, a real 
antenna longer than 40 km would be required. With the SAR, the 
equivalent antenna is about 10 m long. 
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For the RAR, the cross-range spatial resolution (Azimuth resolution)   is 
a direct function of radar wavelength (λ) and target range (R) and inverse 
function of antenna length along track (𝐷𝐷𝐴𝐴𝐴𝐴 ),fig.7.10 

                                                                              𝛿𝛿𝐴𝐴𝐴𝐴 = 𝜆𝜆.𝑅𝑅
𝐷𝐷𝐴𝐴𝐴𝐴�  

While; For the SAR, the cross-range spatial resolution (Azimuth 
resolution) is a direct function of antenna length along track (𝐷𝐷𝐴𝐴𝐴𝐴 ), 
fig.7.11                       

              𝛿𝛿𝐴𝐴𝐴𝐴 = 𝐷𝐷𝐴𝐴𝐴𝐴
2�  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Lillesand and Kiefer (1994) give the azimuth resolution (δRATR) as (λ/DRATR) 
multiplied by the ground range which is equal to (c.τ/2) multiplied by 
cos𝛾𝛾 . Thus the azimuth resolution is given by the equation: 
 

𝛿𝛿𝐴𝐴𝐴𝐴 = 𝑅𝑅𝑎𝑎 =
𝜆𝜆

DAT
.
𝑐𝑐. 𝜏𝜏. cos 𝛾𝛾

2
 

Fig.7.9 the Different between Ground range resolution and Azimuth 
Resolution  
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Achievable along-track resolution is independent of range & Radar 
Frequency and improves with smaller real antenna aperture 

Fig7.10: Basic principles of Aperture synthesis  

Fig7.11: SAR Imaging Geometry   



University of Technology  
Building & Construction Department / Remote Sensing & GIS lecture  

 

)16-15 | P a g e ( 
 

 

 

7.4Advantages of Using Radar Data 
Radar data have several advantages over other types of remotely sensed 
imagery: 

a. Radar microwaves can penetrate the atmosphere day or night under 
virtually all weather conditions, providing data even in the 
presence of haze, light rain, snow, clouds, or smoke. 

b. Under certain circumstances, radar can partially penetrate arid and 
hyperarid surfaces, revealing subsurface features of the Earth. 

c. Although radar does not penetrate standing water, it can reflect the 
surface action of oceans, lakes, and other bodies of water. Surface 
eddies, swells, and waves are greatly affected by the bottom 
features of the water body, and a careful study of surface action can 
provide accurate details about the bottom features. 

 
 
 
 
 
 
 
 

Fig7.8: SAR Imaging Geometry 

Fig7.12: Radar Resolution Cell   
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7.5Radar Sensor Types 
Radar images are generated by two different types of sensors: 
i. SLAR (Side-looking Airborne Radar)—uses an antenna which is 

fixed below an aircraft and pointed to the side to transmit and 
receive the radar signal. (See Fig7.13.) 

ii. SAR—uses a side-looking, fixed antenna to create a synthetic 
aperture. SAR sensors are mounted on satellites and the NASA 
Space Shuttle. The sensor transmits and receives as it is moving. 
The signals received over a time interval are combined to create 
the image. Both SLAR and SAR systems use side-looking 
geometry. Fig7.13 shows a representation of an airborne SLAR 
system. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.14 shows a graph of the data received from the radiation transmitted 
in Fig7.13. Notice how the data correspond to the terrain in Fig7.13. 
These data can be used to produce a radar image of the target area. A 
target is any object or feature that is the subject of the radar scan. 

 

Fig7.13: SLAR Imaging Geometry 

Fig7.14: Received Radar Signal 
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8. Active Remote Sensing (Laser Scanning)  
8.1 Introduction 
8.2 Basic principles of Laser 
8.3 Laser Radar Performance 
8.3.1 The Laser Radar Range Equation 
8.3.2 Laser Receivers 
8.3.3 Signal to Noise Ratio and Detection Probability 
8.4 Example of a Laser Radar 
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8.1 Introduction 
Laser remote sensing (LRS) is the general term to describe the procedure to 

gain physical information on systems from a large distance with the aid of lasers. 
The technique is also referred to as LIDAR: light detection and ranging. The 
principle is simple: light from a laser strikes the system of interest and the 
returning light is detected by a telescope and analysed. The technology is 
developing from the 1970's but especially the rapid advances in laser technology 
and computers over the past ten years opened up a wide variety of applications. 
Most commonly LRS is used in atmospheric and environmental studies applied 
from an airplane, minivan or satellite, measuring concentrations of pollutants, 
mapping cloud formation and monitoring agricultural crops for stress. 

The acronym “laser” stands for (Light Amplification by Stimulated Emission 
of Radiation). A laser is a device which generates a stream of high energy 
particles (photons) within an extremely narrow range of wavelengths. Lasers 
produce a coherent light source designed for a specific purpose, which could be 
anything from a CD or DVD player to an industrial cutting tool, a surgical 
instrument, a surveying instrument, or a LiDAR mapping system. A laser light 
source forms the basis for a LiDAR system. The term “LiDAR” is an acronym for 
“light detection and ranging.” The wavelength chosen for most airborne 
topographic mapping lasers is 1064 nanometers, which is in the near-infrared 
band of the electromagnetic spectrum. Two sources of light are said to 
be Coherent if the waves emitted from them have the same frequency and are 
'phase-linked'; that is, they have a zero or constant phase difference. 

Coherent Source (Laser) 

 
Incoherent Source 

 
8.2 Basic principles of laser: 

 Stimulated emission in which atoms in an upper energy level can be triggered 
(or stimulated) in phase by an incoming photon of a specific energy. The emitted 
photons all possess the same wavelength and vibrate in phase with the incident 
photons (the light is said to be COHERENT).  

The emitted light is said to be INCOHERENT in time and space if  

 The light is composed of many different wavelengths. 
 The light is emitted in random directions  2 
 The light is emitted with different amplitudes 
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  There is no phase correspondence between any of the emitted photons  
 Properties of laser light:  

 Monochromaticity  
 Coherence   
 Beam divergence:  All photons travel in the same direction; the light is 

contained in a very narrow pencil (almost COLLIMATED), laser light is 
low in divergence (usually).  

 High irradiance. 
The basis of LiDAR mapping to a) precisely locate the position of the sensor, 

and b) measure the time it takes an emitted pulse of light to travel to an object, be 
reflected off the object, and travel back to the sensor. Each emitted laser pulse is a 
defined “column of light," a coherent waveform of electromagnetic energy. When 
that column of light encounters an object, a reflected pulse may be detected by the 
sensor. If the laser pulse strikes a "solid" object (such as a building, vehicle, 
pavement, a rock, or bare soil) the incident energy is all reflected and only one 
"return" is recorded. Very dense vegetation may also reflect all of the incoming 
energy at the same time, so that only one return will be recorded. But, if the 
vegetation canopy allows for any of the laser light to continue traveling forward 
between individual leaves, stems, and trunks, additional returns may be recorded 
from within the canopy, and possibly even from ground beneath the canopy. The 
processed LiDAR data, before classification, is essentially a cloud of 3D points 
composed of "single returns" or "multiple returns" from laser pulses. This type of 
LiDAR data is often termed as "discrete return" LiDAR. 

The essential measurement made by a LiDAR sensor is of time, the time that 
elapses from the moment the pulse is emitted until it returns after being reflected 
by the target surface. Because the laser pulse travels at the speed of light, a known 
constant, time can be directly converted to distance, by the following equation: 

Distance from the sensor to the target and back = (elapsed time) × (speed of light) 

We must divide this result by two to get the distance from the sensor to the 
target; this distance is often referred to as the range. 

With knowledge about the absolute position and “pointing angle” of the laser 
system, the X-Y-Z coordinates of the reflecting object can be calculated. For 
topographic mapping applications, we need LiDAR-derived elevation points to be 
distributed over a large swath on either side of the flight track on the ground. In 
order to achieve this, some sort of scanning capability must be added to the sensor 
to deflect the pulses being emitted by the laser over a broad area on the target 
surface.  
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Figure below is a graphic depicting the operating ranges for common remote 

sensing technologies (black and white or color film, electro-optical sensors, 
thermal infrared sensors, passive microwave radiometers, active radar systems, 
and typical LiDAR lasers) across the electromagnetic spectrum. Passive sensors, 
such as film, record the amount of ambient energy reflected or emitted from 
features of interest; active sensors, such as LiDAR and radar, generate and 
transmit energy in specific wavelengths and measure the amount of that energy 
reflected back from target surfaces. Since active sensors do not require sunlight, 
they can be used either during the day or at night. Longer wavelengths, such as 
microwaves, can travel uninterrupted through clouds and haze, while shorter 
wavelengths cannot. 

 
8.3 Laser Radar Performance 
8.3.1 The Laser Radar Range Equation 

Referring to the geometry shown below, the signal power received by the laser 
range finder at range R is as follows: 
 

𝑆𝑆 =
𝑃𝑃

4𝜋𝜋𝑅𝑅2   .  
4𝜋𝜋

�𝜋𝜋4� .𝜃𝜃𝐵𝐵𝐵𝐵2
.     

𝜋𝜋
4

(𝑅𝑅.𝜃𝜃𝐵𝐵𝐵𝐵)2.  𝜌𝜌 .   
1

2𝜋𝜋𝑅𝑅2  .  𝐴𝐴  . 𝜏𝜏° 

(1)    (2)  (3)         (4)      (5)      (6)    (7) 
Where  
S – Target signal power at the laser radar (W) 
P – Transmitted pulse power (W) 
R – Range to the target (m) 
θBW – laser beam width (rad) 
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ρ- Target backscattering coefficient 
A – Lens aperture area (m2) 
τo – Optical efficiency 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 8.1: Laser radar target area 
1. Point source power over a spherical area 4πR2. The power of a point 

source without the benefit of a lens that focuses the power in a given 
direction. 

2. Measure of the focussing effect of the lens where it is used to direct the 
radiated power in a given direction. The gain is the ratio of the spread of 
the power over a sphere of 4π sr and the laser beamwidth in sr. 

3. The area of the target. In this case, the laser spot is smaller than the 
target area. 

4. The backscatter coefficient of the target. This depends on the material 
reflectivity and the surface roughness. 

5. The power from the target is scattered equally over the forward 
hemisphere of 2π sr. The resulting power density back at the laser will 
be 1/2πR2.An alternative is to use the Lambertian scattering assumption 
which is that the reflected flux per solid angle is proportional to the 
cosine of the angle between the normal to the surface and the reflection 
angle. In this case the spread is π. 

6. The target return power that is intercepted by a lens with area A. 
7. The optical efficiency of the laser radar transmission chain from the 

front aperture of the lens. 
The formula can be simplified to the following for a spherical target power 
distribution. 

𝑆𝑆 =
𝑃𝑃𝐴𝐴𝜏𝜏°𝜌𝜌
𝜋𝜋𝑅𝑅2 𝐵𝐵 
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If the laser beam is larger than the target size, then term (3) should be 
substituted for by the laser radar cross-section σ and the equation becomes. 

𝑆𝑆 =
2𝑃𝑃𝐴𝐴𝜎𝜎𝑜𝑜
𝜋𝜋2𝑅𝑅4𝜃𝜃𝐵𝐵𝐵𝐵2  𝐵𝐵, 

 
Where:  θBW = λ/D, 
       λ - Wavelength (m), 
      D – Lens diameter (m), 
In contrast to the 3dB half-power beamwidth definition used in microwave 
radar analysis. In optical systems the 1/e=0.367 level is used which equates to a 
beamwidth of 1.05λ/D, where D is the lens diameter. 
Substituting for (θBW ) in terms of the lens area and the wavelength. 

𝜃𝜃𝐵𝐵𝐵𝐵2 =
𝜆𝜆2

𝐷𝐷2 =
𝜆𝜆2𝜋𝜋
4𝐴𝐴

 

The final equation is 
 

𝑺𝑺 =
𝟖𝟖𝟖𝟖𝑨𝑨𝟐𝟐𝝈𝝈 𝝉𝝉 𝒐𝒐

𝝅𝝅𝟑𝟑𝑹𝑹𝟒𝟒𝝀𝝀𝟐𝟐
 𝑾𝑾. 

 
8.3.2 Laser Receivers 

Direct detection laser receivers convert the echo directly into a voltage or 
current using PIN or Avalanche photodiodes. Heterodyne receivers down-
convert the received signal to a lower frequency by mixing with the output of a 
stable local oscillator. The signal can then be amplified and filtered to enhance 
the detection process. Because phase information is maintained, such receivers 
can be used to measure speed by Doppler processing. 
Direct Detection 
The detector noise for direct detection is given by 

𝑁𝑁 =
(𝐴𝐴𝑑𝑑Δ𝑓𝑓)1

2�

𝐷𝐷∗  𝐵𝐵. 

Where: N – Noise level (W), 
 Ad – Detector area (cm2), 
 Δf – Receiver bandwidth (Hz), 
 D* - Detectivity (cm-Hz1/2W-1). 
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Figure 8.2: Laser receivers using (a) direct detection and (b) 

heterodyne techniques 
The detector area for a square detector is related to the lens diameter and the 
focal length as follows: 

𝐴𝐴𝑑𝑑 = (𝛼𝛼𝑑𝑑
1 2⁄ .𝑓𝑓1)2 = 𝛼𝛼𝑑𝑑 .𝑓𝑓1

2,  
Where: Ad   – Detector area (cm2), 
   𝛼𝛼𝑑𝑑

1 2⁄ - Instantaneous detector field of view (IFOV). 
 
The focal length f1 can be written as the product of the lens diameter (D) and 
the lens focal number (f/#) 

𝑓𝑓1 = (𝑓𝑓 #⁄ )𝐷𝐷 .  
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Figure 8.3: Detector area relationship to focal length 

 
Direct Detection Photodiodes 
A p-n diode’s deficiencies are related to the fact that the depletion area (active 
detection area) is small and many electron-hole pairs recombine before they 
can create a current in the external circuit. In the PIN photodiode, the depleted 
region is made as large as possible. A lightly doped intrinsic layer separates the 
more heavily doped p-types and n-types. The diode’s name comes from the 
layering of these materials positive, intrinsic, negative — PIN. Figure a below 
shows the cross-section and operation of a PIN photodiode. The conversion 
efficiency of these devices is between 0.5 and 1 A/W of incident power. 
The avalanche photodiode (APD) operates as the primary carriers, the free 
electrons and holes created by absorbed photons, accelerate, gaining several 
electron Volts of kinetic energy. A collision of these fast carriers with neutral 
atoms causes the accelerated carriers to use some of their own energy to help 
the bound electrons break out of the valence shell. Free electron-hole pairs, 
called secondary carriers, appear. 
Collision ionisation is the name for the process that creates these secondary 
carriers. As primary carriers create secondary carriers, the secondary carriers 
themselves accelerate and create new carriers. Collectively, this process is 
known as photomultiplication. Typical multiplication ranges in the tens and 
hundreds. For example, a multiplication factor of eighty means that, on 
average, eighty external electrons flow for every photon of light absorbed. 
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Figure 8.4: PIN (a) and (b) Avalanche Photodiode (APD) operational 

principles 
 
APDs require high-voltage power supplies for their operation. The voltage can 
range from 30 or 70 Volts for InGaAs APDs to over 300 Volts for Si APDs. 
This adds circuit complexity. Also, APDs are very temperature sensitive, 
further complicating circuit requirements. Because of the added circuit 
complexity and the high voltages that the parts are subjected to, APDs are 
always less reliable than PIN detectors. 
The conversion efficiency of typical APDs varies between 0.5 and 100 A/W. 
Heterodyne Detection 

Optical heterodyne detection is the implementation of heterodyne detection 
principle using a nonlinear optical process. In heterodyne detection, a signal of 
interest at some frequency is non-linearly mixed with a reference "local 
oscillator" (LO) that is set at a close-by frequency. The desired outcome is the 
difference frequency, which carries the information (amplitude, phase, and 
frequency modulation) of the original higher frequency signal, but is oscillating 
at a lower more easily processed carrier frequency. 

Optical heterodyne detection has special temporal and spatial characteristics 
that pragmatically distinguish it from conventional Radio Frequency (RF) 
heterodyne detection. Electrical field oscillations in the optical frequency range 
cannot be directly measured since the relatively high optical frequencies have 
oscillating fields that are much faster than electronics can respond. Instead, 
optical photons are detected by energy or equivalently by photon counting, 
which are proportional to the square of the electric field and thus form a non-
linear event. Thus when the LO and the signal beams impinge together on the 
surface of a photodiode they "mix", producing heterodyne beat frequencies 
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directly via the physics of energy absorption. While an old technique, key 
limiting issues were solved only as recently as 1994 with the invention of 
synthetic array heterodyne detection. 

The noise spectral density of an ideal amplifier is given by the following 
formula: 

𝜓𝜓(𝑓𝑓) =
ℎ𝑓𝑓

𝑒𝑒ℎ𝑓𝑓 𝑘𝑘𝑘𝑘⁄    −1 + hf                        W Hz⁄ , 

Where: Ψ(f) – Spectral density (W/Hz), 
       h – Plank’s Constant 6.6256×10-34 (Ws2), 
       f – Frequency (Hz), 
      k – Boltzmann Constant 1.38×10-23 (Ws/K), 
     T – Absolute Temperature (K). 
Substituting for the wavelength λ = c/f and plotting in the figure below. Also 
plotted is μ ( f ) = hf and γ ( f ) = kT . 

 
Figure 8.5: Laser radar noise floor as a function of wavelength for 

heterodyne detection 
For microwave radars the noise power density is determined by the thermal 
noise floor and is approximately γ ( f ) = kT while in the infrared, the noise 
power density is determined by the photon noise μ ( f ) = hf . 
The noise level of an heterodyne receiver can therefore be written as follows: 

𝑁𝑁 =
ℎ𝑓𝑓𝐵𝐵
𝜂𝜂

                W,  

where:  
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η - Quantum efficiency (0.3 to 0.5) (how many photons are required to   
produce one photo-electron), 

B – Receiver bandwidth (Hz). 
It is easy to show that at 290K, the noise floor for a microwave receiver is 
about 10dB lower than a photon noise limited laser receiver operating at 
10.6μm with a 50% quantum efficiency. 
 

8.3.3 Signal to Noise Ratio and Detection Probability 
Glint targets represent returns from corner reflectors or normal surfaces (such 
as the ground) where there is a single dominant scattered. Returns are normally 
fairly constant from pulse to pulse. 
Using the signal to noise ratio for a glint target calculated using the formulae 
derived above, the detection probability Pd and false alarm probability Pfa can 
be determined from the graph below which give the probability of detecting a 
sinusoidal signal of constant magnitude in Gaussian noise. 

 
Figure 8.6: Probability of detection of a LIDAR for fluctuating 

targets 
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8.4 Example of a Laser Radar 
An earth bound CO2 laser operating at a wavelength of 10.6μm radiates 
through a collimating lens with a diameter of 500mm. If it produces 500W 
pulses each of duration 0.1s answer the following questions. 
 Mean distance to the moon is 384400km 
 The power is PdB = 10log10 (500) = 27.0 dBW 
 The 1/e beamwidth is: 

𝜃𝜃𝐵𝐵𝐵𝐵 =
1.05 × 𝜆𝜆

𝐷𝐷
=  

1.05 × 10.6 × 10−6

0.5
= 22.3 𝜇𝜇𝜇𝜇𝜇𝜇𝑑𝑑 

The Antenna Aperture is  
𝐴𝐴 = 𝜋𝜋𝐷𝐷2

4� = 0.196 𝑚𝑚2 

a) What would the diameter of the footprint be on the moon 
d = R × θBW = (3.844×108) m ×22.3×10-6 = 8556m 

The area of the footprint on the moon is 
Afoot = πd2/4 =57.5 × 106  m2= [10log10 (57.5 × 106) =77.6 dBm2] 

b) Ignoring atmospheric effects what would the power density on the moon be in 
W/m2 

SI = P/Afoot = 500/57.5×106 = 8.7  μW/m2 
Si = PdB – Afoot = 27.0 -77.6 = -50.6  dBW/m2 

c) A retro-reflector with a diameter of (10 cm) and a reflectivity of (0.99) reflects 
some of the power back to earth. What is the received power density. The effective 
cross section of the retro-reflector is  

𝜎𝜎 = 0.99
4𝜋𝜋 𝐷𝐷4

3𝜆𝜆2  = 0.99 
4 𝜋𝜋 × 0.14

3 × (10.6 × 10−6)2 =   3.7 × 106 𝑚𝑚2 = 65.7 𝑑𝑑𝐵𝐵𝑚𝑚2 

The power density back on the earth is given by the following formula 

𝑆𝑆𝑅𝑅 =
2𝑃𝑃𝜎𝜎

𝜋𝜋2𝑅𝑅4 𝜃𝜃𝐵𝐵𝐵𝐵2 =
2 × 500 × 3.7 × 106

𝜋𝜋2  × (3.844 × 108)4(22.3 × 10−6)2 = 3.45 × 10−17 𝐵𝐵 𝑚𝑚2⁄  

d) Is the reflected power density from the moons surface back on the earth 
(Backscatter coefficient 0.2) larger or smaller than that returned by the 
retroreflector.  The power density back on earth is just 

𝑆𝑆𝑅𝑅 =
𝑃𝑃 𝜌𝜌
𝜋𝜋 𝑅𝑅2 =

500 × 0.2 
𝜋𝜋(3.844 × 108)2 = 2.15 × 10−16  𝐵𝐵 𝑚𝑚2⁄  

 This is 10× higher than that received from the corner reflector 
e)  If an heterodyne receiver uses the same size lens, what is the single pulse signal to 

noise ratio that we could expect 
For a receiver bandwidth matched to the pulse width β = 1/τ = 10Hz, and a 
quantum efficiency η = 0.5 

𝑁𝑁 =
ℎ𝑓𝑓𝑓𝑓
𝜂𝜂

=
ℎ𝑐𝑐 𝑓𝑓
𝜂𝜂 𝜆𝜆

=
6.625 × 10−34 × 3 × 108 × 10

0.5 × 10.6 × 10−6 = 3.75 × 10−19 𝐵𝐵 

Assuming that the optical efficiency is 100%, the received power is the 
product of the power density and the receive aperture 

𝑆𝑆 = 𝑆𝑆𝑅𝑅 .𝐴𝐴 = 2.15 × 10−16 × 0.196 = 4.21 × 10−17 𝐵𝐵 
The single pulse signal to noise ratio is, 𝑆𝑆

𝑁𝑁
= 4.21×10−17

3.75×10−19= 112 (20.5dB) 
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8. Image Enhancement   

8.1 Image Reduction and Magnification. 

8.2 Transects (Spatial Profile) 

8.3 Spectral Profile 

8.4 Contrast Enhancement 

8.4.1 Linear Contrast Enhancement 

8.4.2 Non-Linear Contrast Enhancement 

8.5 Band Ratio 

8.6 Spatial Filtering 

8.6.1 Spatial Convolution Filtering (Low Frequency/High Frequency) 

8.7 Digital Image Classification  

8.7.1  Supervised classification 

8.7.2 Unsupervised classification 

8.7.3 Accuracy Assessment  
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8 Image Enhancement  
Image enhancement algorithms are applied to remotely sensed data to 
improve the appearance of an image for human visual analysis or 
occasionally for subsequent machine analysis. There is no such thing as 
the ideal or best image enhancement because the results are ultimately 
evaluated by human. 
 Point operation modify the brightness values of each pixel in an image 
dataset independent of the characteristics of neighboring pixels. 
 Local operations modify the value of each pixel in the contrast of the 
brightness values of the pixels surrounding it. 
 

8.1Image Reduction and Magnification 
Image analyst routinely view images that have been reduced in size or 
magnification during the interpretation process. Image reduction 
techniques allow the analyst to obtain a regional perspective of the 
remotely sensed data. 
Image magnification techniques allow the analyst to zoom in and view 
very site-specific pixel characteristics. 
 
Integer Image Reduction 
To reduce a digital image to just 1/m2 of 
the original data every mth row and mth 
column of the imagery are systematically 
selected and displayed. 
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Integer Image Magnification 
To magnify a digital image by an integer factor 
m2, each pixel in the original image is usually 
replaced by an m x m block of pixels, all with 
the same brightness value as the original input 
pixel. 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.2Transects (Spatial Profiles) 
The ability to extract brightness values along a user-specified transect 
(also referred to as a spatial profile) between two points in a single-band 
or multiple-band color composite image is important in many remote 
sensing image interpretation application. Basically, the spatial profile in 
histogram format depicts the magnitude of the brightness value at each 
pixel along the transect. 
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8.3Spectral Profile 
It is often useful to extract the full spectrum of brightness.3 values in n 
bands for an individual pixel. This is commonly referred to as a spectral 
profile. In spectral profile, the x-axis identifies the number of the 
individual bands in the dataset and the y-axis documents the brightness 
value (or percentage reflectance if the data have been calibrated) of the 
pixel under investigation for each of the bands. 
The usefulness of the spectral profile is dependent upon the quality of 
information in the spectral data. The goal is to have just the right number 
of optimally located, non-redundant spectral bands. Spectral profile can 
assist the analyst by providing unique visual and quantitative information 
about spectral characteristics of the objects under investigation. 
 

Fig. (3-8): Spatial profile in histogram format depicts the magnitude of the 
brightness value at each pixel along the 50-pixel transect. 
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8.4Contrast Enhancement 
Ideally, one material would reflect a tremendous amount of energy in a 
certain wavelength and another material would reflect much less energy 
in the same wavelength. This would result in contrast between two types 
of material when recorded by the remote sensing system. 
Unfortunately, different materials often reflect similar amounts of radiant 
flux throughout the visible, near infrared and middle-infrared portions of 
the electromagnetic spectrum, resulting in a relatively low-contrast 
imagery. In addition, besides this obvious low-contrast characteristic of 
biophysical materials, there are cultural factors at work. 
Additional factor in creation of low-contrast data is the sensitivity of the 
detector. For example, the detectors on remote sensing systems are 
designed to record a relatively wide range of scene brightness values 
(e.g., 0-255) without becoming saturated. However, very few scenes are 
composed of brightness values that use the full sensitivity range of the 
Landsat TM detectors, Therefore, these results in relatively low-contrast 
imagery, with original brightness values that often range from 
approximately 0 to 100. To improve the contrast of digital remotely 
sensed data, it is desirable to use the entire brightness range of the display 

Fig. (4-8): Spectral Profile extracted from SPOT 20×20 m: Mangrove, Sand and Sea 
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medium there are linear and nonlinear digital contrast medium. Contrast 
enhancement techniques.  

8.4.1 Linear Contrast Enhancement 
Contrast enhancement (also referred to as contrast stretching) expands the 
original input brightness values to make use of the total dynamic range or 
sensitivity of the output device. It includes: 
 Minimum-Maximum Contrast Stretching; 
 Percentage Linear and Standard Deviation Stretching; 
 Piecewise Linear Contrast Stretching. 
 

8.4.1.1 Minimum-Maximum Contrast Stretching 

𝐵𝐵𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜 = �
𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖 − 𝑚𝑚𝑖𝑖𝑖𝑖𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚𝑘𝑘 − 𝑚𝑚𝑖𝑖𝑖𝑖𝑘𝑘

� . 𝑞𝑞𝑜𝑜𝑚𝑚𝑖𝑖𝑜𝑜𝑘𝑘  

Where: 
-  BVin is the original input brightness value 
- quantk is the range of the brightness values that can be displayed on the 

CRT (e.g., 255), 
- mink is the minimum value in the image, 
- maxk is the maximum value in the image, and 
- BVout is the output brightness value 

Linear contrast enhancement is best applied to remotely sensed images 
with Gaussian or near-Gaussian histogram. 

𝐵𝐵𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜 = �
4𝑖𝑖𝑖𝑖 − 4𝑚𝑚𝑖𝑖𝑖𝑖

105𝑚𝑚𝑚𝑚𝑚𝑚 − 4𝑚𝑚𝑖𝑖𝑖𝑖
� . 255 = 0 

𝐵𝐵𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜 = �
105𝑖𝑖𝑖𝑖 − 4𝑚𝑚𝑖𝑖𝑖𝑖

105𝑚𝑚𝑚𝑚𝑚𝑚 − 4𝑚𝑚𝑖𝑖𝑖𝑖
� . 255 = 255 

All other original brightness values between 5 and 105 are linearly 
distributed between 0 and 255. 
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8.4.1.2 Percentage Linear and Standard Deviation Contrast 
Image analyst often specify mink and maxk that lie a certain percentage of 
pixel from the mean of the histogram. This is called a percentage linear 
contrast stretch. If the percentage coincides with a standard deviation 
percentage, then it is called a standard deviation contrast stretch. For 
normal distribution, 68 % of the observations lie within +/- 1 standard 
deviation of the mean, 95.4 % of all observations lie within +/- 2 standard 
deviations, and 99.73 % within +/- 3 standard deviations. 

 
Area Under the Normal Curve for Various Standard Deviations from the Mean 

 
 

 
∓1 Standard Deviation Contrast Stretch 

 

 

 

 



University of Technology  
Building & Construction Department / Remote Sensing & GIS lecture  

 

)19-8 | P a g e ( 
 

8.4.1.3 Piecewise Linear Contrast Stretching 
When the histogram of an image is not Gaussian (i.e., it is bimodal, 
trimodal, etc.), it is possibly to apply a piecewise linear contrast stretch to 
the imagery of the type shown in the following Figure. Here the analyst 
identifies a number of linear enhancement steps that expand the 
brightness ranges in the modes of the histogram. In effect, this 
corresponds to setting up a series of mink and maxk and using Equation 
below within user-selected regions of the histogram. 

𝐵𝐵𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜 = �
𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖 − 𝑚𝑚𝑖𝑖𝑖𝑖𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚𝑘𝑘 − 𝑚𝑚𝑖𝑖𝑖𝑖𝑘𝑘

� . 𝑞𝑞𝑜𝑜𝑚𝑚𝑖𝑖𝑜𝑜𝑘𝑘  

 
 

8.4.2 Nonlinear contrast enhancement stretching  
Nonlinear contrast enhancement may also be applied One applied of the 
most useful enhancements is histogram equalization. 
The algorithm passes through the individual bands of the dataset and 
assigns approximately an equal number of pixels to each of the user-
specified output grey scale classes (i.e., 32, 64, 256). Histogram 
equalization applied the greatest contrast enhancement to the most 
populated range of brightness values in the image. It automatically reduce 
the contrast in the very light or dark parts of the image associated with the 
tails of a normally distributed histogram. 
Steps of Histogram Equalization Enhancement: 
Step 1: Histogram Probability Calculation; statistics of how a 64×64 
Hypothetical Image with Brightness Values from 0 to 7 is Histogram 
Equalized 
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Brightness value,BVi Li Frequency f(BVi) Probability 
Pi=f(BVi)/n 

𝐵𝐵𝐵𝐵0 0/7=0 790 0.19 
𝐵𝐵𝐵𝐵1 1/7=0.14 1023 0.25 
𝐵𝐵𝐵𝐵2 2/7=0.28 850 0.21 
𝐵𝐵𝐵𝐵3 3/7=0.42 656 0.16 
𝐵𝐵𝐵𝐵4 4/7=0.57 329 0.08 
𝐵𝐵𝐵𝐵5 5/7=0.71 245 0.06 
𝐵𝐵𝐵𝐵6 6/7=0.85 122 0.03 
𝐵𝐵𝐵𝐵7 7/7=1 81 0.02 

  4096  
Step 2: Transformation Function 𝑘𝑘𝑖𝑖  computing  
For each brightness value level 𝐵𝐵𝐵𝐵𝑖𝑖  in the quantk range of 0 to 7 of the 
original histogram, a new cumulative frequency value 𝑘𝑘𝑖𝑖  is calculated. 
Transformation Function, 𝑘𝑘𝑖𝑖  for each individual brightness value: 

𝑘𝑘𝑖𝑖 = �
𝑓𝑓(𝐵𝐵𝐵𝐵𝑖𝑖)
𝑖𝑖

𝑞𝑞𝑜𝑜𝑚𝑚𝑖𝑖𝑜𝑜 𝑘𝑘

𝑖𝑖=0

 

Where the summation counts the frequency of pixels in the image with 
brightness values equal to or less than 𝐵𝐵𝐵𝐵𝑖𝑖 , and n is the total number of 
pixels in the entire scene. 
Step 3: Histogram Equalization process  
The histogram equalization process iteratively compares the 
transformation function 𝑘𝑘𝑖𝑖  with the original values of 𝑙𝑙𝑖𝑖 , to determine 
which are closest in value. The closest match is reassigned to the 
appropriate brightness value. 
Example: Histogram Equalization  

1. Satellite image with size 64×64 ; with eight gray level as shown in 
table below , required to apply histogram equalization for this 
image.  

𝑝𝑝1 التقريب = 𝜌𝜌𝑖𝑖(2𝑖𝑖−1) التراكمي للبكسالت االحتمالية النسبية التجميعي NK Gray level 
1 1.33 0.19 0.19 790 790 0 
3 3.08 0.44 0.25 1813 1023 1 
5 4.55 0.65 0.21 2663 850 2 
6 5.67 0.81 0.16 3314 651 3 
6 6.23 0.89 0.08 3643 329 4 
7 6.65 0.95 0.06 3888 245 5 
7 6.85 0.98 0.03 4015 127 6 
7 7 1.00 0.02 4096 81 7 

2. Satellite image with size 10×10; with eight gray level as shown in 
table below, required to apply histogram equalization for this 
image.  



University of Technology  
Building & Construction Department / Remote Sensing & GIS lecture  

 

)19-10 | P a g e ( 
 

𝑝𝑝1 التقريب
= 𝜌𝜌𝑖𝑖(2𝑖𝑖−1) 

التراكمي لالحتمالية 
 النسبية

التراكمي 
 للبكسالت

االحتمالية 
 النسبية

NK Gray 
level 

0 0.28 0.04 4 0.04 4 0 
1 10.47 0.21 21 0.17 17 1 
2 2.25 0.38 36 0.15 15 2 
4 3.78 0.54 54 0.18 18 3 
4 4.46 0.78 78 0.24 24 4 
6 6.39 0.9 90 0.12 12 5 
6 6.30 0.9 90 0 0 6 
7 7.0 1.00 100 0.1 10 7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.5Band  Ratioing  
Sometime differences in brightness value from identical surface materials 
are caused by topographic slope and aspect, shadow, or seasonal change 
in sun illumination angle and intensity. These conditions may hamper 
ability of interpreter or classification algorithm to identify correctly 
surface materials or land use in a remotely sensed image. 
Fortunately, ratio transformation of remotely sensed data can be applied 
to reduced the effects of such environmental conditions. In addition to 
minimizing the effects environmental factors, ratios may also provide 
unique information not available in any single band that is useful 
discrimination between soils and vegetation (Satterwhite, 1984). 
The mathematical expression of the ratio function is: 

𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑟𝑟𝑚𝑚𝑜𝑜𝑖𝑖𝑜𝑜 =
𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑘𝑘

𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑙𝑙
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Where: 
- 𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑘𝑘  is the original input brightness value in band k 

- 𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑙𝑙  is the original input brightness value in band l 

- 𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑟𝑟𝑚𝑚𝑜𝑜𝑖𝑖𝑜𝑜  is the ratio output brightness value 

Unfortunately, the computation is not always simple since 𝐵𝐵𝐵𝐵𝑖𝑖𝑗𝑗  = 0 is 
possible. The way to overcome this problem is simply to give any 
𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗with a value of 0 the value of 1.  
To encode the ration value in standard 8-bit format, normalizing 
functions are applied as follow: 

1. Ratio values within the range 1/255 to 1 are assigned values 
between 1 and 128 by the function: 

𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑖𝑖 = 𝐼𝐼𝑖𝑖𝑜𝑜��𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑟𝑟 × 127� + 1� 
 

2. Ratio values from 1 to 255 are assigned values within the range 
128 to 255 by the function : 

𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑖𝑖 = 𝐼𝐼𝑖𝑖𝑜𝑜 �128 +
𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ,𝑟𝑟

2
� 

Decide which two bands to ratio is not always a simple task. Often, the 
analyst simply displays various ratios and then select the most visually 
appealing. The optimum index factor and Sheffield Index can be used to 
identify optimum for band ratio (Chavez et. al., 1984; Sheffield, 1985). 
 

8.6Spatial filtering  
A characteristic of remotely sensed image is a parameter called spatial 
frequency; defined as the number of changes in brightness value per unit 
distance for any particular part of an image. If there are very few changes 
in brightness value over a given area in an image, this is commonly 
referred to as a low-frequency area. Conversely, if the brightness values 
change dramatically over short distance, this is an area of high-
frequency detail. 
Spatial frequency in remotely sensed imagery may be enhanced or 
subdued using two different approaches. 

1. Spatial convolution filtering based primarily on the use of 
convolution masks. The procedure is relatively easy to understand 
and can be used to enhance low-and-high frequency detail, as well 
as edges in the imagery. 
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2. Fourier analysis, which mathematically separates an image into its 
spatial frequency component. It is possible interactively to 
emphasize certain groups or bands of frequencies relative to others 
and recombine the spatial frequencies to produce an enhanced 
image. 
8.6.1 Spatial convolution filtering  

A linear spatial filter is a filter for which the brightness value (𝐵𝐵𝐵𝐵𝑖𝑖 ,𝑗𝑗 ) at 
location 𝑖𝑖, 𝑗𝑗 in the output image is a function of some weighted average 
(linear combination) of brightness values located in a particular spatial 
pattern around the 𝑖𝑖, 𝑗𝑗  location in the input image. 
The process of evaluating the weighted neighboring pixel values is called 
two-dimensional convolution filtering. 

 
8.6.1.1 Spatial Convolution Filtering: Low-frequency 

Filtering. 
The simplest low-frequency filter (LEF) evaluates a particular input pixel 
brightness value, 𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖′ , and the pixels surrounding the input pixel, and 
output a new brightness value, 𝐵𝐵𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜  that is the mean of this convolution. 
The size of the neighborhood convolution mask or kernel (n) is usually    
3 × 3, 5 × 5, 7 × 7, or 9 × 9. For example, 3 × 3 convolution masks with 
nine coefficients, 𝑐𝑐𝑗𝑗′ , defined at the following locations: 

𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝑇𝑇𝑇𝑇𝑚𝑚𝑝𝑝𝑙𝑙𝑚𝑚𝑜𝑜𝑇𝑇 = �
𝑐𝑐1 𝑐𝑐2 𝑐𝑐3
𝑐𝑐4 𝑐𝑐5 𝑐𝑐6
𝑐𝑐7 𝑐𝑐8 𝑐𝑐9

�  

The coefficients, c1, in the mask are multiplied by the following 
individual brightness values (BVi) in the input image: 
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𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝑇𝑇𝑇𝑇𝑚𝑚𝑝𝑝𝑙𝑙𝑚𝑚𝑜𝑜𝑇𝑇 = �
𝑐𝑐1 × 𝐵𝐵𝐵𝐵1 𝑐𝑐2 × 𝐵𝐵𝐵𝐵2 𝑐𝑐3 × 𝐵𝐵𝐵𝐵3
𝑐𝑐4 × 𝐵𝐵𝐵𝐵4 𝑐𝑐5 × 𝐵𝐵𝐵𝐵5 𝑐𝑐6 × 𝐵𝐵𝐵𝐵6
𝑐𝑐7 × 𝐵𝐵𝐵𝐵7 𝑐𝑐8 × 𝐵𝐵𝐵𝐵8 𝑐𝑐9 × 𝐵𝐵𝐵𝐵9

� 

The primary input pixel under investigation at any one time is BV5 = 
BVi,j. The convolution of mask A (with all coefficients equal to 1) and the 
original data will result in a low-frequency filtered image, where 

𝐿𝐿𝐿𝐿𝐿𝐿5,𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑖𝑖𝑖𝑖𝑜𝑜 �
∑ 𝑐𝑐𝑖𝑖 × 𝐵𝐵𝐵𝐵𝑖𝑖9
𝑖𝑖=1

𝑖𝑖
� 

 

𝐿𝐿𝐿𝐿𝐿𝐿5,𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑖𝑖𝑖𝑖𝑜𝑜 �
𝐵𝐵𝐵𝐵1 + 𝐵𝐵𝐵𝐵2 + 𝐵𝐵𝐵𝐵3 + 𝐵𝐵𝐵𝐵4 + 𝐵𝐵𝐵𝐵5 + 𝐵𝐵𝐵𝐵6+, , , , , +𝐵𝐵𝐵𝐵9

9
� 

 

𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝐴𝐴 (𝑇𝑇𝑞𝑞𝑜𝑜𝑚𝑚𝑙𝑙 𝑤𝑤𝑇𝑇𝑖𝑖𝑤𝑤ℎ𝑜𝑜𝑇𝑇𝑡𝑡)𝑆𝑆𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑖𝑖𝑖𝑖𝑤𝑤 𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 = �
1 1 1
1 1 1
1 1 1

� 

𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝐵𝐵 (𝑈𝑈𝑖𝑖𝑇𝑇𝑞𝑞𝑜𝑜𝑚𝑚𝑙𝑙 𝑤𝑤𝑇𝑇𝑖𝑖𝑤𝑤ℎ𝑜𝑜𝑇𝑇𝑡𝑡)𝑆𝑆𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑖𝑖𝑖𝑖𝑤𝑤 𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝑜𝑜𝑜𝑜 𝑟𝑟𝑇𝑇𝑡𝑡𝑜𝑜𝑐𝑐𝑇𝑇 𝑏𝑏𝑙𝑙𝑜𝑜𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖𝑤𝑤 

= �
0.25 0.5 0.25
0.5 1 1

0.25 0.5 0.25
� 

 
𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝐶𝐶 (𝑈𝑈𝑖𝑖𝑇𝑇𝑞𝑞𝑜𝑜𝑚𝑚𝑙𝑙 𝑤𝑤𝑇𝑇𝑖𝑖𝑤𝑤ℎ𝑜𝑜𝑇𝑇𝑡𝑡)𝑆𝑆𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑖𝑖𝑖𝑖𝑤𝑤 𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝑜𝑜𝑜𝑜 𝑟𝑟𝑇𝑇𝑡𝑡𝑜𝑜𝑐𝑐𝑇𝑇 𝑏𝑏𝑙𝑙𝑜𝑜𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖𝑤𝑤 

= �
1 1 1
1 2 1
1 1 1

� 

 
 

8.6.1.1.1 Spatial Convolution Filtering: Median Filtering. 
A median filter has certain advantages when compared with weighted 
convolution filters, including: 

1) it does not shift boundaries, and 
2) The minimal degradation to edges allows the median filter to be 

applied repeatedly which allows fine detail to be erased and large 
regions to take on the same brightness value (often called 
posterization). 

 
8.6.1.1.2 Spatial Convolution Filtering: Minimum and 

Maximum Filtering 
Operating on one pixel at a time, these filters examine the brightness 
values of adjacent pixels in a user-specified radius (e.g., 3 x 3 pixels) and 
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replace the brightness value of the current pixel with the minimum or 
maximum brightness value encountered, respectively. 
 

8.6.1.2 Spatial Convolution Filtering: High frequency filter  
High pass filtering is applied to imagery to remove the High-slowly 
varying components and enhance the high-frequency local variations. 
One high-frequency filter (HFF5, out) is computed by subtracting the 
output of the low-frequency filter (LFF5, out) from twice the value of the 
original central pixel value, BV5: 
 

𝐻𝐻𝐿𝐿𝐿𝐿5,𝑜𝑜𝑜𝑜𝑜𝑜 = (2 × 𝐵𝐵𝐵𝐵5) − 𝐿𝐿𝐿𝐿𝐿𝐿5 ,𝑜𝑜𝑜𝑜𝑜𝑜  
High-pass filtering that accentuate or sharpen edges can be produced 
using following convolution mask: 

𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝐷𝐷 = �
−1 −1 −1
−1 9 −1
−1 −1 −1

� 

𝑀𝑀𝑚𝑚𝑀𝑀𝑘𝑘 𝐸𝐸 = �
1 −2 1
−2 5 −2
1 −2 1

� 

8.6.1.3 Spatial Convolution Filtering: Edge Enhancement  
For many remote sensing Earth science applications, the most valuable 
information that may be derived from an image is contained in the edges 
surrounding various objects of interest. Edge enhancement delineates 
these edges and makes the shapes and details comprising the image more 
conspicuous and perhaps easier to analyze.  

8.7Digital  Image classification  
Digital image classification refers to the process of assigning pixels to 
classes. Usually each pixel is treated as an individual unit composed of 
values in several spectral bands. Classification of each pixel is based on 
the match of the spectral signature of that pixel with a set of reference 
spectral signatures. The term ‘classifier’ refers loosely to a computer 
program that implements a specific procedure for image classification. 
The classes form regions on a map or an image, so that after classification 
the digital image is presented as a GIS-layer or a mosaic of uniform 
parcels each identified by a color or symbol. Most classifiers are spectral 
classifiers or point classifiers because they consider each pixel as a point 
observation.  
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Other methods of image classification are based on textural information 
of the image; they use information from neighboring pixels to assign 
classes to pixels and are referred to as context classifiers or textural 
classifiers.  
A basic distinction between classifiers separates supervised classification 
from unsupervised classification:  

8.7.1 Supervised classification, the image analyst controls the pixel 
categorization process by specifying, to the classification 
algorithm, numerical descriptors of the various land cover types 
in an image. Representative sample sites of known cover type 
(called training areas or ground truth polygons) are used to 
characterize land cover types in terms of average reflectance 
values per spectral band and their variance. While classifying, 
each pixel in the image, is compared numerically to each 
category of land cover and labeled with the category, it is most 
similar. The success of the supervised classification depends on 
the capability of the analyst to define representative training 
areas.  

     Some criteria for training area are:   
- The number of pixel per land cover type must be sufficient e.g. 100 

pixels per land cover type;  
- The size of the training area should be sufficient large to include 

the spectral variance;  
- The training areas should be uniform with a statistically normal 

distribution and without outliers: the histogram of a training area 
should never display two or more distinct peaks, the classification 
can never be successful with such a histogram shape. 
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Principle of supervised image classification 
 

8.7.2 Unsupervised classification; in this approach the image 
data are first classified by aggregating them into spectral 
clusters based on the statistical properties of the pixel values 
(average, variation). Then the image analyst determines the 
land cover identity of each cluster by comparing the 
classified image data to ground reference data. A 
disadvantage of the unsupervised approach is that it is often 
not easy to relate image clusters to land cover types.  

When the training stage of the supervised classification approach is 
completed, the image classification itself can be performed. In this 
classification stage the results of training are extrapolated over the entire 
scene. There are three widely-used classification methods:  

- The minimum distance to mean classifier;  
- The parallelepiped classifier;  
- The maximum likelihood classifier.  

The minimum distance to mean classifier is the simplest method and 
requires not as much computation time as the other two approaches. 
Figure below shows the procedure for only two spectral bands. First, the 
mean of each training class is calculated for each waveband (this is called 
the mean vector). Second, the pixels to be classified in the entire image 
are assigned to the class nearest to them. Third (optional), a data 
boundary is located at a certain distance so that if a pixel falls outside this 
boundary, it will be classified as unknown.  
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The limitation of this classifier is its insensitivity to variance in the 
spectral properties of the classes.   
 

 
Minimum distance to mean classifier 

 
Several methods exist to compute distances in multi-dimensional spaces. 
One of the simplest methods is the Euclidean distance.  

DRabR = �� (ai
𝑖𝑖
𝑖𝑖=1 −  𝑏𝑏𝑖𝑖)2�

0.5
             

where:  
(i) is one of (n) spectral bands, a and b are pixel values in the different 
spectral bands and Dab is the Euclidean distance between the two pixels. 
This measure can be applied to many dimensions (or spectral channels).  
The parallelepiped classifier or box classifier is also very popular as it 
is fast and efficient. It is based on the ranges of values within the training 
data to define regions within the multi-dimensional space. Hence, it 
creates imaginary boxes in the spectral space. Figure below shows an 
example of the parallelepiped classification procedure with only two 
spectral bands for simplicity. The spectral values of unclassified pixels 
are projected into the data space and those that fall within the regions 
defined by the training data are assigned to the corresponding categories. 
Although this procedure is accurate, direct and simple, one disadvantage 
is obvious. Spectral regions for training categories may intersect or 
overlap (in such a case classes are assigned in sequence of classification). 
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A second disadvantage is that other parts of the image may remain 
unclassified because they do not ‘fall’ into a box.  

 
The maximum likelihood classifier is the most advanced classifier but it 
requires a considerable amount of computation time. As computers have 
become very fast and powerful, the latter is no longer a problem and the 
maximum likelihood classifier is widely used nowadays. The maximum 
likelihood approach does not only take into account the average DN-
values of the training areas, it also accounts for the variance of pixel 
values of the training areas. The variances are used to estimate the 
probability of membership for a certain land cover class.  

 
8.7.3 Accuracy assessments  

Accuracy of a classification of a remotely sensed image refers to the 
‘correctness’: a measure of the agreement between a standard assumed to 
be correct and an image classification of unknown quality. Hence, if a 
number of pixels is classified as deciduous forest, the end-user wants to 
know what the chance (or probability) is that these pixels really 
represents deciduous forest or pine forest or bare soil. The most widely 
used procedure to assess accuracy is to work with two training sets. One 
training set is used to classify the image, the second set is used to 
estimate the correctness of the classification. Such an approach requires 
the availability of sufficient field data.  
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Sources of classification errors can be numerous: human errors by the 
assignment of classes, human errors during the field survey, errors due to 
the technical part of the remote sensing system e.g. striping or line drop 
out, due to spectral or spatial resolution of the system, non-purity of the 
pixels i.e. mixed pixels covering e.g. two agricultural lots do not give 
pure spectral signatures of land cover types, etc.  
The error matrix or confusion matrix is the standard form of reporting 
site-specific uncertainty of a classification. It identifies overall errors and 
misclassification for each thematic class. Compilation of an error matrix 
is required for any serious study of accuracy. The error matrix consists of 
an (n × n) array where n represents the numbers of thematic classes.  
The left hand side (y-axis) of the error matrix is labelled with categories 
on the reference (correct) classification. The upper edge (x-axis) is 
labelled with the same categories and refer to the classified image or map 
to be evaluated. The matrix reveals the results of a comparison of the 
evaluated and reference image. Together with the matrix, computed by 
the sum of the diagonal entries, is the overall accuracy given. Inspection 
of the matrix reveals how the classification represents actual areas in the 
field. Furthermore, the matrix reveals class-wise how confusion during 
the classification occurs.  
 

Table. Example of Error Matrix 
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10. Elements of Geographical Information Systems 
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10.1 Introduction  
GIS are informatics (software) devices that combine the semantic 
component of the terrestrial features (mainly described by attributes 
organized in tables) with their rigorous Georeferenced geometrical 
representation (Fig. 10.1). They are equipped with many processing and 
representation tools that enable an effective representation of the territory 
as it would not be possible by other instruments; the possibility of 
representing and managing Digital Surface Models (DSM), for instance, 
permits the creation of 3D virtual worlds with a very high communication 
impact. 
 

 
Fig. 10.1 Geographical Information Systems (GIS) combine semantic and 

geometrical information 
10.2 Format of the Geographical Data 
A map is the most common way to represent geographical data as a set of 
points, lines and areas, which are positioned according to a defined 
coordinate system; the geographical feature, or ground element, is made 
up of two components: 

• positional, which graphically and geometrically defines the 
position and the shape and the topology of the objects represented 
by geometric primitives like points, lines, polygons and pixels (e.g. 
country boundaries, rivers, lakes); 

• descriptive, expressed by alpha-numerical declarations, aimed at 
qualifying some non-spatial properties of the geometrical features 
by means of attributes (numbers, strings, date); i.e. the population 
of each county, the toponyms, etc. 

Attributes are organized in tables. 
According to this concept, GIS is a complex system able to manage: 

• geographical position of objects; 
•  their attributes; 
•  their spatial and attribute relationships; 
•  Time factor of dynamic phenomena. 
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Even if the geographical position of an object can be described through 
alphanumerical attributes (their toponyms, the name of the administrative 
unit they belong to, i.e. council or province, addresses), the basic 
descriptors of such a property are its geographic coordinates referring to 
an opportune reference system (Fig. 10.3). 

 
Fig. 10.3 Example of a topographic map, nominal scale 1:10. 000, where 

several layers (road, urban area, etc.) are shown 
 
The attributes define and characterize some properties of the 
georeferenced represented objects. If, for example, the object is a forest, 
the species composition, the height of the trees can be considered its 
attributes. The attributes are generally non-spatial data, as they do not 
have an intrinsic positional value; this means that they cannot change 
according to the variations of the map scale/projection because they do 
not have permanent reference to other entities (Fig. 10.4). 
 

 
Fig. 10.4 Geographical data: the two components of the geographic data; 
a: positional, describing the topology of the objects by points, lines, 
polygons; b: descriptive, based on the attributes describing the properties 
of the geometrical features 
 
Four types of attributes are distinguished: 

• metrical: numbers associated to the map elements that describe 
their geometrical properties as position, length, perimeter, area; 
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• graphical: numerical codifications useful for the representation of 
map features, such as the symbol used to represent opportunely a 
point, or the colour (or the thickness) to make up a line to improve 
the map interpretation; 

• descriptive: alpha-numerical declarations useful to qualify the 
features; for example the name of the owner of a certain building 
(polygon feature), its address; 

• Complex: external attributes used to describe cartographic 
elements, for example textual description of an industrial polygon 
in a land use map. 

Spatial relationships, among the geographical elements, can be defined as 
(Fig. 10.5): 

• Topological: equivalence, partial equivalence, inclusion, 
adjacency, separation; 

• Direction: front, back, over, below, cardinal directions and their 
combinations, metrical descriptions of angles; 

• Qualitative proximity: near, far, next to; 
• Quantitative: distance measurements. 

 
Fig. 10.5 Spatial relationships among the geographic elements 

- Topological: A internal to B, D connected with B, C disjointed 
from B, G overlapping E; 

- Directional: G east to C, C north to D; 
- Proximity: C near B, D far from E. 

 
Relations can be simple or very complex. It is important, for example, not 
only to localize areas in danger of fire and basins for water caption by 
helicopters but also to know how far they are and how long it takes the 
helicopter to reach the place. By studying the combinations of different 
elements, some intersections or associations among particular phenomena 
can be found: for example, it is possible to look for a relation between the 
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incidence of a disease and the presence of one or more known pollution 
sources. 
The time factor allows temporal analyses through the characterization of 
the data in time in order to gather precious information about the 
evolution of a certain event, to model the phenomenon and to generate 
forecasting useful for early warning and early intervention. 
10.3 GIS Components and Structure 
For an organic structure, it is important to specify the GIS components 
and its organization, as well as the processing logic that defines its 
structure (Fig. 10.6). GIS main components are 

• Hardware; 
• Software; 
• Data; 
• Organization context or liveware (Fig. 10.7). 

 
Fig. 10.6 Logical organization of a GIS 

 

 
Fig. 10.7 The structural organization of a GIS: the application must 
address the system configuration 
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10.4 Spatial Data Models 
Once the analysis of the user needs and of the available resources has 
been executed, the next step in the designing of a GIS is the definition of 
an efficient data model able to correctly (considering a specific 
application) operate with respect to the attended functionalities of the 
system (Fig. 10.8). The spatial data modelling approach refers to two 
different data formats: vector and grid (raster) (Fig. 10.1). 
 

 
Fig. 10.8 A scene representation: (a) real world, (b) raster model, (c) 
vector model 
 

10.4.1 Vector Format 
GIS able to manage vector data appeared around the 1960s to reply to 
cadastral map needs and to technological networks management. In the 
vector data model, the territory geometry is described exploiting the 
elements (primitives) proper to numerical cartography (Fig. 9.9): 

 
Fig. 10.9 The geometric primitives in the vector representation can be 
point, line, polygon, surface, volume 
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• Points: which represent objects described by a pair of coordinates 
(i.e. a water tower, an electric power pylon, etc.); 

• lines or segments: represented by a set of connected points (i.e. a 
road); several segments, each one with two vertices, form an arc; 

• Areas: polygons enclosed by a polyline where the first and the last 
vertices are coincident (i.e. a cultivated field); 

• Nodes: particular types of points that specify a topological 
connection or the position of a geometric feature. 

The relationships existing among the geometrical primitives (nodes, arcs 
and polygons) are called topological relationships. Their fundamental 
characteristic is that the arcs begin and end only in correspondence of 
nodes and that the polygons are enclosed by arcs. As far as an arc is 
concerned, its topological description must consider not only the nodes 
that define it but also the eventual areas (i.e. the polygons) that it is 
common to (at its left and right). This fact makes the arc directional, with 
a direction: thus the stored first coordinates of the arc refer to the starting 
node while the last ones refer to the ending node (Fig. 10.10). Vector GIS 
show relevant limits especially concerning data digitization. The constant 
and continuous supervision by a skilled operator is necessary, and the 
processing is time consuming, which often makes it impossible to have 
real-time updated cartographic data. This is a limitation especially for 
applications requiring the monitoring of evolving phenomena. 
On the other hand, the vector format is usually economic in terms of 
memory space required by the data and presents advantages in accuracy 
and in the quality of the representation (e.g. no degradation occurs in 
visualization while zooming). 

 
Fig. 10.10 Topological codification in a map with two polygons: each 
polygon is defined by arcs that are defined by nodes. Each arc has a 
proper direction. In the example, the arc c (nodes 3, 4) is common to the 
two polygons A and B. 
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10.4.2 Raster or Grid Model 

GISs able to manage raster data were developed during the 1970s and 
were conceived as support to many subjects. In raster models, the 
represented space is divided into a grid, usually a regularly sized one, 
made by rows and columns. Each element of the grid (called cell) defines 
a discrete ground portion of the space. According to this data 
organization, the object position is defined by the row and column values 
inside the matrix. The single cell hosts a number defining a single 
attribute of the ground element in that geographic position; as only one 
value can be associated to each cell, if different attributes are required 
they must be stored in different grid files. For example, an urban area is 
not a defined unique polygon, but, differently from a vector 
representation, is a group of independent and adjacent cells whose value 
is a code for the attribute ‘urban’ (Fig. 10.11). 
 

 
Fig. 10.11 Raster representation of terrestrial elements 

 
 
 
 
 


