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Course on Remote Sensing and GIS notes 

INTRODUCTION 

"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." 

 

Common to the all definitions of remote sensing is that data on characteristics of the Earth’s surface are 

acquired by a device (sensor) that is not in contact with the objects being measured. The result is 

usually, though not necessarily, stored as image data. The characteristics measured by a sensor are the 

electromagnetic energy reflected or emitted by the Earth’s surface. This energy relates to some specific 

parts of the electromagnetic spectrum: usually visible light, but it may also be infrared light or radio 

waves. 

 

Earth Observation (EO), which usually refers to space borne remote sensing, but strictly speaking would 

also include the ground-based use of remote sensing devices. 

 

Need for spatial data 

• An agronomist is interested in forecasting the overall agricultural production of a large area. This 

requires data on the area planted with different crops and data on biomass production to estimate the 

yield. 

• An urban planner needs to identify areas in which dwellings have been built illegally. The different 

types of houses and their configuration need to be determined. The information should be in a format 

that enables integration with other socio-economic information. 

• An engineer needs to determine the optimal configuration for siting of relay stations for a 

telecommunication company. The optimal configuration primarily depends on the form of the terrain 

and on the location of obstacles such as buildings. 

• A geologist is asked to explore an area and to provide a map of the surface mineralogy. In addition, 

s/he should start to give a first estimation of the effect of water pumping on the neighbouring 

agricultural region. 

• Mr L N Mittal wants to open a new steel plant in India by having his own mining area. Remote sensing 

can be used to find geographic areas where the availability of haematite and magnetite (from which Iron 

is formed) is in abundance. 

• A climatologist would like to understand the causes of the El Nino phenomenon. For this, s/he would 

need data on many parameters including sea currents, sea surface temperature, sea level, 

meteorological parameters, energy interactions between the land and water surface, etc. 

 

Two categories of spatial data acquisition 

1) Ground based method: involves making field observations, taking in situ measurements, etc 

2) Remote sensing method: use of image data acquired by a sensor such as aerial cameras, scanners or a 

radar. Taking a remote sensing approach means that information is derived from the image data, which 

form a (limited) representation of the real world 

 

Although remote sensing data can be interpreted and processed without other information, the best 

results are obtained by linking remote sensing measurements to ground (or surface) measurements and 

observations. 
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The two basic processes involved in remote sensing are 1) Data acquisition and 2) Data analysis.  

Elements of data acquisition process are energy sources, propagation of energy through the 

atmosphere, energy interactions with earth’s surface features, retransmission of energy through the 

atmosphere, airborne or spaceborne sensors, sensor data in pictorial/digital form. 

In short, we use sensors to record variations in the way earth surface features reflect and emit 

electromagnetic energy. 

Data analysis involves examining the data using various viewing and interpretation devices. Reference 

data about the object being studies are used when and where available to assist in the data analysis.  

The information extracted from the data is then compiled generally in the form of hardcopy maps and 

tables or as computer files.  

 

Process of remote sensing involves an interaction between incident radiation and the targets of interest. 

 

Elements of remote sensing system 

1) Energy source or illumination  

2) Radiation and the atmosphere: when traveling from source to target, the electromagnetic energy 

interacts with atmosphere. This interaction may take place a second time as the energy travels from 

target to sensor. 

3) Interaction with the target: Electromagnetic energy interacts with the target. This interaction is based 

on the properties of the target as well as the radiation 

4) Recording of the energy by the sensor 

 

Active and Passive Remote Sensing 

 

Remote sensing relies on the measurement of electromagnetic (EM) energy. EM energy can take several 

forms. The most important source of EM energy at the  Earth’s surface is the Sun, which provides us, for 

example, with (visible) light, heat (that we can feel) and UV-light, which can be harmful to our skin. 

Many sensors used in remote sensing measure reflected sunlight. Some sensors, however, detect 

energy emitted by the Earth itself or provide their own energy. In remote sensing, the sensor measures 

energy, whereby we distinguish between passive and active techniques. Passive remote sensing 

techniques employ natural sources of energy, such as the Sun or artificial light. Passive sensor systems 

based on reflection of the Sun’s energy can only work during daylight. Passive sensor systems that 

measure the longer wavelengths related to the Earth’s temperature do not depend on the Sun as a 

source of illumination and can be operated at any time. For example, passive sensor systems need to 

deal with the varying illumination conditions of the Sun, which are greatly influenced by atmospheric 

conditions. Active remote sensing techniques, for example radar and laser, have their own source of 

energy. Active sensors emit a controlled beam of energy to the surface and measure the amount of 

energy reflected back to the sensor. The main advantage of active sensor systems is that they can be 

operated day and night, have a controlled illuminating signal, and are typically not affected by the 

atmosphere. 

 

Energy interaction in the atmosphere 

 

Path length is the distance travelled by the energy in the atmosphere. Atmospheric effects differ for 

different electromagnetic radiation. 

 

The most important source of energy is the Sun. Before the Sun’s energy reaches the Earth’s surface, 

three fundamental interactions in the atmosphere are possible: absorption, transmission and scattering. 
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Electromagnetic energy travelling through the atmosphere is partly absorbed by various molecules. The 

most efficient absorbers of solar radiation in the atmosphere are ozone (O3), water vapour (H2O) and 

carbon dioxide (CO2). It has been observed that about half of the spectrum between 0–22 μm is not 

useful for remote sensing of the Earth’s surface, simply because none of the corresponding energy can 

penetrate the atmosphere. Only the wavelength regions outside the main absorption bands of the 

atmospheric gases can be used for remote sensing. These regions are referred to as the atmospheric 

transmission windows and include:  

• A window in the visible and reflected infrared region, between 0.4–2 μm. This is the window where 

the optical remote sensors operate. 

• Three windows in the thermal infrared region, namely two narrow windows around 3 and 5 μm, and a 

third, relatively broad, window extending from approximately 8 to 14 μm. 

Because of the presence of atmospheric moisture, strong absorption bands are found at longer 

wavelengths. There is hardly any transmission of energy in the region from 22 μm to 1 mm. The more or 

less transparent region beyond 1 mm is the microwave region. 

 

The wavelength ranges in which the atmosphere is particularly transmissive of energy are referred to as 

atmospheric windows. 

 

Atmospheric scattering occurs when the particles or gaseous molecules present in the atmosphere 

cause the EM waves to be redirected from their original path. The amount of scattering depends on 

several factors including the wavelength of the radiation, the amount of particles and gases, and the 

distance the radiation travels through the atmosphere. For the visible wavelengths, 100% (in case of 

cloud cover) to 5% (in case of a clear atmosphere) of the energy received by the sensor is directly 

contributed by the atmosphere. Three types of scattering take place: Rayleigh scattering, Mie Scattering 

and Non-selective scattering. 

 

Rayleigh scattering 

Rayleigh scattering predominates where electromagnetic radiation interacts with particles that are 

smaller than the wavelength of the incoming light. Examples of these particles are tiny specks of dust, 

and nitrogen (NO2) and oxygen (O2) molecules. The effect of Rayleigh scattering is inversely 

proportional to the 4
th

 power of the wavelength: shorter wavelengths are scattered more than longer 

wavelengths. In the context of satellite remote sensing, Rayleigh scattering is the most important type 

of scattering. It causes a distortion of spectral characteristics of the reflected light when compared to 

measurements taken on the ground: due to the Rayleigh effect the shorter wavelengths are 

overestimated. In colour photos taken from high altitudes it accounts for the blueness of these pictures. 

In general, the Rayleigh scattering diminishes the ‘contrast’ in photos, and thus has a negative effect on 

the possibilities for interpretation. When dealing with digital image data (as provided by multispectral 

scanners) the distortion of the spectral characteristics of the surface may limit the possibilities for image 

classification. 

 

Mie scattering 

Mie scattering occurs when the wavelength of the incoming radiation is similar in size to the 

atmospheric particles. The most important cause of Mie scattering are aerosols: a mixture of gases, 

water vapour and dust. Mie scattering is generally restricted to the lower atmosphere where larger 

particles are more abundant, and dominates under overcast cloud conditions. Mie scattering influences 

the entire spectral region from the near-ultraviolet up to and including the near-infrared, and has a 

greater effect on the larger wavelengths than Rayleigh scattering. 
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Non-selective scattering is independent of wavelength, with all wavelengths scattered about equally. 

The most prominent example of non-selective scattering includes the effect of clouds (clouds consist of 

water droplets). Typical particles responsible for this effect are water droplets and larger dust particles. 

 Since all wavelengths are scattered equally, a cloud appears white. Optical remote sensing, therefore, 

cannot penetrate clouds. Clouds also have a secondary effect: shadowed 

regions on the Earth’s surface. 

 

 

Effects of scattering: 

For remote sensing, scattering has several important consequences. Because of the wavelength 

dependency of Rayleigh scattering, radiation in the blue and ultraviolet regions of the spectrum is 

usually not considered useful for remote sensing. Images that record these portions of the spectrum 

tend to record the brightness of the atmosphere rather than the brightness of the scene itself. For this 

reason, remote sensing instruments often exclude short-wave radiation by use of filters or by decreasing 

sensitivities of films to these wavelengths. 

Scattering also directs energy from the sensor’s field of view toward the sensor’s aperture, thereby 

decreasing the spatial detail recorded by the sensor. Furthermore, scattering tends to make dark objects 

appear brighter than they would otherwise be and bright objects appear darker, thereby decreasing the 

contrast recorded by a sensor. Because “good” images preserve the range of brightnesses present in a 

scene, scattering degrades the quality of an image. 

Observed radiance at the sensor, I is the sum of
S

I , radiance reflected from the earth’s surface, 

conveying information about surface reflectance;
O

I , radiance scattered from the solar beam directly to 

the sensor without reaching the earth’s surface, and 
D

I , diffuse radiation, directed first to the ground, 

then to the atmosphere, before reaching the sensor. Effects of these components are additive within a 

given spectral band (Kaufman, 1984) 

DOS
IIII ++=  

 

 

Energy interactions with target 

The significance of different ranges of electromagnetic spectrum lies in the interaction mechanism 

between the electromagnetic radiation and the materials being examined. In the visible/ infrared range 

the energy measured by a sensor depends upon properties such as the pigmentation, moisture content 

and cellular structure of vegetation, the mineral and moisture contents of soils and the level of 

sedimentation of water. At the thermal end of the infrared range it is heat capacity and other thermal 

properties of the surface and near subsurface that control the strength of radiation detected. In the 

microwave range, using active imaging systems based upon radar techniques, the roughness of the 

cover type being detected and its electrical properties, expressed in terms of complex permittivity 

(which in turn is strongly influenced by moisture content) determine the magnitude of the reflected 

signal. In the range 20 to 60 GHz, atmospheric oxygen and water vapour have a strong effect on 

transmission and thus can be inferred by measurements in that range. Thus each range of wavelength 

has its own strengths in terms of the information it can contribute to the remote sensing process. 

Consequently we find systems available that are optimised for and operate in particular spectral ranges, 

and provide data that complements that from other sensors. The three dominant earth surface 

materials of soil, vegetation and water reflect the sun’s energy in the visible/reflected infrared range of 

wavelengths. It is seen that water reflects about 10% or less in the blue-green range, a smaller 

percentage in the red and certainly no energy in the infrared range. Should the water contain suspended 
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sediments or should a clear water body be shallow enough to allow reflection from the bottom then an 

increase in apparent water reflection will occur, including a small but significant amount of energy in the 

near infrared range. This is a result of reflection from the suspension or bottom material. Soils have a 

reflectance that increases approximately monotonically with wavelength, however with dips centred at 

about 1.4 μm, 1.9 μm and 2.7 μm owing to moisture content. These water absorption bands are almost 

unnoticeable in very dry soils and sands. In addition, clay soils also have hydroxyl absorption bands at 

1.4 μm and 2.2 μm. The vegetation curve is considerably more complex than the other two. In the 

middle infrared range it is dominated by thewater absorption bands at 1.4 μm, 1.9 μm and 2.7 μm. The 

plateau between about 0.7 μm and 1.3 μm is dominated by plant cell structure while in the visible range 

of wavelengths it is plant pigmentation that is the major determinant. Healthy green vegetation has 

chlorophyll absorption bands in the blue and red regions leaving only green reflection of any 

significance. This is why we see chlorophyll pigmented plants as green. 

 

Smooth surfaces act as so-called specular reflectors (i.e. mirror-like) in that the direction of scattering is 

predominantly away from the incident direction. Consequently they appear dark to black in image data. 

Rough surfaces act as diffuse reflectors; they scatter the incident energy in all directions, including back 

towards the remote sensing platform. As a result they appear light in image data. A third type of surface 

scattering mechanism is often encountered in microwave image data, particularly associated with 

manufactured features such as buildings. This is a corner reflector effect, resulting from the right angle 

formed between a vertical structure such as a fence, building or ship and a horizontal plane such as the 

surface of the earth or sea. This gives a very bright response. Media, such as vegetation canopies and 

sea ice, exhibit so-called volume scattering behaviour, in that backscattered energy emerges from many, 

hard to define sites within the volume. This leads to a light tonal appearance in radar imagery. 

 

In interpreting image data acquired in the microwave region of the electromagnetic spectrum it is 

important to recognise that the four reflection mechanisms are present and modify substantially the 

tonal differences resulting from surface complex permittivity variations. By comparison, imaging in the 

visible/infrared range in which the sun is the energy source, results almost always from diffuse 

reflection, allowing the interpreter to concentrate on tonal variations 

 

In land and water applications of remote sensing we are most interested in the reflected radiation 

because this tells us something about surface characteristics. Two types of reflection, which 

represent the two extremes of the way in which energy is reflected by a target, are specular reflection 

and diffuse reflection. In the real world, usually a combination of both types is found. 

Specular reflection, or mirror-like reflection, typically occurs when a surface is smooth and all (or almost 

all) of the energy is directed away from the surface in a single direction. It is most likely to occur when 

the Sun is high in the sky. Specular reflection can be caused, for example, by a water surface or a 

glasshouse roof. It results in a very bright spot (also called ‘hot spot’) in the image. 

Diffuse reflection occurs in situations where the surface is rough and the energy is reflected almost 

uniformly in all directions. Whether a particular target reflects specularly or diffusely, or somewhere in 

between, depends on the surface roughness of the feature in comparison to the wavelength 

of the incoming radiation. 

 

The purpose of acquiring remote sensing image data is to be able to identify and assess, by some means, 

surface materials and their spatial properties. Inspection of spectral characteristics reveals that cover 

type identification should be possible if the sensor gathers data at several wavelengths. For example, if 

for each pixel, measurements of reflection at 0.65 μm and 1.0 μm were available (i.e. we had a two band 

imaging 



Course on Remote Sensing and GIS, Spring 2011                                                               Sudhir Gupta, LNMIIT 

 

system) then it should be a relatively easy matter to discriminate between the three fundamental cover 

types based on the relative values in the two bands. For example, vegetation would be bright at 1.0 μm 

and very dark at 0.65 μm whereas soil would be bright in both ranges. Water on the other hand would 

be black at 1.0 μm and dull at 0.65 μm. Clearly if more than two measurement wavelengths were used 

more precise discrimination should be possible, even with cover types spectrally similar to each 

other. Consequently remote sensing imaging systems are designed with wavebands that take several 

samples of the spectral reflectance curves. For each pixel the set of samples can be analysed, either by 

photointerpretation, or by the automated techniques, to provide a label that associates the pixel with a 

particular earth surface material. 

 

As electromagnetic energy reaches the earth’s surface, it must be reflected, absorbed, or transmitted. 

The proportions accounted for by each process depend upon the nature of the surface, the wavelength 

of the energy, and the angle of illumination. 

 

Lambertian surface: A perfectly diffuse reflector that has equal brightness when observed from any 

angle. 

 

Bidirectional Reflectance Distribution Function (BRDF): The Lambertian model does not hold precisely 

for many natural surfaces. Actual surfaces exhibit complex patterns of reflection determined by details 

of surface geometry (e.g. the sizes, shapes, and orientation of plant leaves).  Reflection characteristics of 

a surface are described by the BRDF. It is a mathematical description of the optical behavior of a surface 

with respect to angles of illumination and observation, given that it has been illuminated with a parallel 

beam of light at a specified azimuth and elevation. 

 

The reflectance characteristics of earth surface features may be quantified by measuring the portion of 

incident energy that is reflected. This is measured as a function of wavelength and is called spectral 

reflectance, λρ . This is mathematically defined as 
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A graph of the spectral reflectance of an object as a function of wavelength is termed a spectral 

reflectance curve. 

 

An Ideal Remote Sensing System 

 

1) Uniform energy source: Source that provides energy over all wavelengths, at a constant, known, high 

level of output, irrespective of time and place. 

 

2) Non interfering atmosphere: Atmosphere that would not modify the energy from the source n any 

manner irrespective of wavelength, time, place, and sensing altitude involved. 

 

3) Unique energy-matter interactions at the earth’s surface: Interactions that would generate reflected 

and/or emitted signals that not only are selective with respect to wavelength, but also are known, 

invariant, and unique to each and every earth surface feature type and subtype. 
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4) Supersensor: A sensor, highly sensitive to all wavelengths. This simple sensor would be simple and 

reliable, requires virtually no power or space, and be accurate and economical to operate. 

 

5) Real time data processing and supply system: Processing that can be performed nearly 

instantaneously, providing timely information. Because of the unique energy-matter interactions, there 

would be no need of reference data.  

 

Characteristics of real remote sensing systems 

 

1) Energy source: Passive remote sensing systems rely on energy that is reflected and/or emitted from 

objects. The spectral distribution of reflected sunlight and/or self emitted energy is far from uniform. 

Solar energy levels vary with respect to time and location, and different earth surface materials emit 

energy with varying degrees of efficiency. While we have some control over the nature of sources of 

energy for active systems, the sources of energy used in most real active systems are generally non 

uniform with respect to wavelength, and their properties vary with respect to time and location. 

Consequently, we normally must calibrate for source characteristics on a mission-by-mission basis or 

deal with relative energy units. 

 

2) Atmosphere: It compounds the problems introduced by energy source variation. It modifies the 

strength and spectral distribution of the energy received by a sensor. Elimination or compensation for 

atmospheric effects via some form is important in those applications where repetitive observations of 

the same geographic area are involved. 

 

3) Energy-matter interactions: Remote sensing would be simple if every material reflected and/or 

emitted energy in a unique, known way. Radically different material types can have great spectral 

similarity making differentiation difficult. 

 

4) Sensor: No single sensor is sensitive to all wavelengths. All real sensors have fixed limits of spectral 

sensitivity. They also have a limit on how small an object on the earth’s surface can be and still be ‘seen’ 

by a sensor as being separate from it’s surroundings. This limit is called the spatial resolution of a sensor. 

 

5) Data processing system: The capability of current remote sensors to generate data far exceeds the 

capacity to handle these data. Processing sensor data often involves considerable thought, hardware, 

time, experience and reference data. 

 

Concept of spectral signatures: 

 

A fundamental premise in remote sensing is that we can learn about objects and features on the earth’s 

surface by studying the radiation reflected and/or emitted by these features. Using cameras and other 

remote sensing instruments, we can observe the brightnesses of objects over a range of wavelengths, so 

that there are numerous points of comparison between brightnesses of separate objects. A set of such 

observations or measurements constitute a spectral response pattern sometimes called the spectral 

signature of an object. 

 

“Everything in nature has its own unique distribution of reflected, emitted, and absorbed radiation. 

These spectral characteristics can – if ingeniously exploited – be used to distinguish one thing from 

another or to obtain information about shape, size, and other physical and chemical properties” – 

Parker and Wolf, 1965 
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In practice, it is now recognized that spectra of features change both over time and over distance. 


