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Remote sensing can be broadly defined as the collection and interpretation of information 

about an object, area, or event without being in physical contact with the object. Aircraft and 

satellites are the common platforms for remote sensing of the earth and its natural resources. 

Aerial photography in the visible portion of the electromagnetic wavelength was the original 

form of remote sensing but technological developments has enabled the acquisition of 

information at other wavelengths including near infrared, thermal infrared and 

microwave. Collection of information over a large numbers of wavelength bands is referred 

to multispectral or hyperspectral data. The development and deployment of manned and 

unmanned satellites has enhanced the collection of remotely sensed data and offers an 

inexpensive way to obtain information over large areas. The capacity of remote sensing to 

identify and monitor land surfaces and environmental conditions has expanded greatly over 

the last few years and remotely sensed data will be an essential tool in natural resource 

management. 

 

Electromagnetic energy 

The electromagnetic (EM) spectrum is the continuous range of electromagnetic radiation, 

extending from gamma rays (highest frequency & shortest wavelength) to radio waves 

(lowest frequency & longest wavelength) and including visible light. 

The EM spectrum can be divided into seven different regions —— gamma rays, X-rays, 

ultraviolet, visible light, infrared, microwaves and radio waves, as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1 Electromagnetic spectrum 

 

Remote sensing involves the measurement of energy in many parts of the electromagnetic 

(EM) spectrum. The major regions of interest in satellite sensing are visible light, reflected 

 



and emitted infrared, and the microwave regions. The measurement of this radiation takes 

place in what are known as spectral bands. A spectral band is defined as a discrete interval 

of the EM spectrum. For example the wavelength range of 0.4μm to 0.5μm (μm = 

micrometers or 10
-6

m) is one spectral band. Satellite sensors have been designed to measure 

responses within particular spectral bands to enable the discrimination of the major Earth 

surface materials. Scientists will choose a particular spectral band for data collection 

depending on what they wish to examine. The design of satellite sensors is based on the 

absorption characteristics of Earth surface materials across all the measurable parts in the EM 

spectrum. 

 

Region  Wavelength Remarks 

Gamma-ray region < 0.03 nm Incoming radiation completely absorbed by the upper 

atmosphere and not available for remote sensing 

x-ray region  0.03 to 30 nm Completely absorbed by the atmosphere. Not employed 

in remote sensing. 

Ultraviolet region 0.03 to 0.4 µm Incoming wavelengths less than 0.3 µm completely 

absorbed by ozone in the upper atmosphere.  

Photographic UV band  0.3 to 0.4 µm Transmitted through the atmosphere. Detectable with 

films and photodetectors, but atmospheric scattering is 

severe.  

Visible region  0.4 to 0.7 µm Imaged with film and photodetectors. Includes reflected 

energy peak of earth at 0.5 µm. 

Infrared region 0.7 to 1000 µm Interaction with matter varies with wavelength. 

Atmospheric transmission windows are separated by 

absorption bands.  

Reflected IR band 0.7 to 0.3 µm Reflected solar radiation that contains no information 

about thermal properties of materials   

Thermal IR band 3 to 5 µm, 8 to 14 

µm 

Principal atmospheric windows in the thermal region. 

Images at these wavelengths are acquired by optical-

mechanical scanners and special vidicon systems but not 

by film. 

Microwave region  0.1 to 100 cm  Longer wavelengths that can penetrate clouds, fogs, and 

rain. Images may be acquired in active or passive mode. 

Radar  0.1 to 100 cm Active form of microwave remote sensing. Radar images 

are acquired at various wavelength bands.  

Radio  > 100 cm Longest wavelength portion of electromagnetic 

spectrum.  

 



Properties of electromagnetic waves 

Electromagnetic waves can be described in terms of their velocity, wavelength, and 

frequency. All electromagnetic waves travel at the same velocity (c). This velocity is 

commonly referred to as the speed of light, since light is one form of electromagnetic energy. 

For particular purposes, c = 3 × 10
8
 m.sec

-1
. The wavelength (λ) of electromagnetic waves is 

the distance from any point on one cycle or wave to the same position on the next cycle or 

wave. The micrometer (µm) is a convenient unit for designating wavelength of both visible 

and infrared (IR) radiation. Velocity (c), wavelength (λ), and frequency (v) are related by  

  

c = λv                                       (1) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Electromagnetic wave. Components include a sinusoidal electric wave (E) and a 

similar magnetic wave (M) at right angle, both being perpendicular to the direction of 

propagation 

  

 

 

 

 

 

 

 

 

Electric field 

Magnetic field 
Distance 

λ= Wavelength (distance between  

successive wave peaks) 

v= Frequency (number of cycles per second 

passing of a fixed point) 

(c ) Velocity of light 

E 

M 



Reflection and absorption 

When radiation from the Sun reaches the surface of the Earth, some of the energy at specific 

wavelengths is absorbed and the rest of the energy is reflected by the surface material. The 

only two exceptions to this situation are if the surface of a body is a perfect reflector or a true 

black body. The occurrence of these surfaces in the natural world is very rare. In the visible 

region of the EM spectrum, the feature we describe as the color of the object is the visible 

light that is not absorbed by that object. In the case of a green leaf, for example, the blue and 

red wavelengths are absorbed by the leaf, while the green wavelength is reflected and 

detected by our eyes. In remote sensing, a detector measures the electromagnetic (EM) 

radiation that is reflected back from the Earth’s surface materials. These measurements can 

help to distinguish the type of land covering. Soil, water and vegetation have clearly different 

patterns of reflectance and absorption over different wavelengths. The reflectance of radiation 

from one type of surface material, such as soil, varies over the range of wavelengths in the 

EM spectrum. This is known as the spectral signature of the material. All Earth surface 

features, including minerals, vegetation, dry soil, water, and snow, have unique spectral 

reflectance signatures, as discussed later. 


