
Course on Remote Sensing and GIS Notes 

DIFFERENT ENERGY SOURCES AND THEIR UTILITY 

 

Microwave remote sensing  

Microwave remote sensing uses electromagnetic waves with wavelengths between 1 cm and 1m. These 

relatively longer wavelengths have the advantage that they can penetrate clouds and are independent 

of atmospheric conditions, such as haze. Although microwave remote sensing is primarily considered an 

active technique, also passive sensors are used. 

Active sensors are divided into two groups: imaging and non-imaging sensors. Radar sensors belong to 

the group of most commonly used active (imaging) microwave sensors. The term radar is an acronym for 

radio detection and ranging. Radio stands for the microwave and range is another term for distance. 

To the group of non-imaging microwave instruments belong altimeters, which collect distance 

information (e.g. sea surface height), and scatterometers, which acquire information about the object 

properties (e.g. wind speed). 

 

Radar imagery 

The interpretation of radar imagery is less intuitive than of that obtained from optical remote sensing. 

 

Principle 

Imaging radar systems include several components: a transmitter, a receiver, an antenna and a 

recorder. The transmitter is used to generate the microwave signal and transmit the energy to the 

antenna from where it is emitted towards the Earth’s surface. The receiver accepts the backscattered 

signal as received by the antenna, filters and amplifies it as required for recording. The recorder then 

stores the received signal. Imaging radar acquires an image in which each pixel contains a digital number 

according to the strength of the backscattered energy that is received from the ground. The energy 

received from each transmitted radar pulse can be expressed in terms of the physical parameters and 

illumination geometry using the so-called radar equation: 
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P = received energy 

G = antenna gain 

λ = wavelength 

t
P = transmitted energy 

σ = radar cross section, which is a function of the object characteristics and the size of the illuminated  

        area 

R = range from the sensor to the object 

 

Thus, the main factors that influence the backscattered received energy are 

1) radar system properties, i.e. wavelength, antenna and transmitted power,  

2) radar imaging geometry, that defines the size of the illuminated area which is a function of, for 

example, beam-width, incidence angle and range, and  

3) characteristics of interaction of the radar signal with objects, i.e. surface roughness and composition, 

and terrain topography and orientation.  

 

 

 



What does a radar system measure? 

Microwave is an electromagnetic wave. The amplitude is the peak value of the wave. It relates to the 

amount of energy contained in the wave. The phase is the fraction of the period that has elapsed 

relative to the start point of the wave. In other words, the phase rotates 360°, i.e. a full circle, for one 

full wave. The time required to complete that full wave is the period.  

The radar transmitter creates microwave signals, i.e. pulses of microwaves at a fixed frequency (the 

Pulse Repetition Frequency [PRF]), that are directed by the antenna into a beam. A pulse travels in this 

beam through the atmosphere, ‘illuminates’ a portion of the Earth’s surface, is backscattered and passes 

through the atmosphere again to reach the antenna where the signal is received and the 

intensity of it is determined. The signal needs to pass twice the distance between object and antenna, 

and, knowing the speed of light, the distance (range) between sensor and object can be derived. 

To create an image, the return signal of a single pulse is sampled and these samples are stored in an 

image line. With the movement of the sensor emitting pulses, a two-dimensional image is created (each 

pulse defines one line). The radar sensor, therefore, measures distances and detects backscattered 

signal intensities. 

 

Ka, K, and Ku bands: very short wavelengths used in early airborne radar systems but uncommon today. 

X-band: used extensively on airborne systems for military reconnaissance and terrain mapping. 

C-band: common on many airborne research systems (CCRS Convair-580 and NASA AirSAR) and 

spaceborne systems (including  ERS-1 and 2 and RADARSAT). 

S-band: used on board the Russian ALMAZ satellite. 

L-band: used onboard American SEASAT and Japanese JERS-1 satellites and NASA airborne system. 

P-band: longest radar wavelengths, used on NASA experimental airborne research system. 

 

Polarization refers to the orientation of the electric field. Most radars are designed to transmit 

microwave radiation either horizontally polarized (H) or vertically polarized (V). Similarly, the antenna 

receives either the horizontally or vertically polarized backscattered energy, and some radars can 

receive both. These two polarization states are designated by the letters H for horizontal, and V, for 

vertical. Thus, there can be four combinations of both transmit and receive polarizations as follows: 

HH - for horizontal transmit and horizontal receive, 

VV - for vertical transmit and vertical receive, 

HV - for horizontal transmit and vertical receive, and 

VH - for vertical transmit and horizontal receive. 

 

The first two polarization combinations are referred to as like-polarized because the transmit and 

receive polarizations are the same. The last two combinations are referred to as cross-polarized because 

the transmit and receive polarizations are opposite of one another. 

 

Depending on the transmit and receive polarizations, the radiation will interact with and be 

backscattered differently from the surface. Both wavelength and polarization affect how a radar "sees" 

the surface. Therefore, radar imagery collected using different polarization and wavelength  

combinations may provide different and complementary information about the targets on the surface. 

 

Side looking airborne radar (SLAR):  

Radar images typically provide crisp, clear representation of topography and drainage. Despite being 

subject to geometric errors, radar images typically provide good positional accuracy. Analysts have 

registered TM and SPOT data to radar images to form composites of the two quite different kinds of 



information. Some of the most successful operational applications of SLAR imagery have occurred in 

tropical climates, where persistent cloud cover has prevented acquisition of aerial photography. 

 

Microwave energy travels in a straight path from the aircraft to the ground – a path that defines the 

slant-range distance, as if one were to stretch a length of string from the aircraft to a specific point on 

the ground as a measure of distance. Image interpreters prefer images to be present in the ground-

range format, with distances portrayed in their correct relative positions on the earth’s surface. Because 

radars collect all information in the slant-range domain, radar images inherently contain geometric 

artifacts, even though the image display may ostensibly appear to match a ground-range presentation. 

One such error is radar layover. At near range, the top of a tall object is closer to the antenna than its 

base. As a result, the echo from the top of the object reaches the antenna before the echo from the 

base. Because radar measures all distances with respect to time elapsed between transmission of a 

signal and the reception of its echo, the top of the object appears (in slant range domain) to be closer to 

the antenna than does its base. Indeed, it is closer, if only the slant range domain is considered. 

However, in the ground-range domain, both the top and the base of the object both occupy the same 

geographic position.  In the slant range domain of the radar image, they occupy different image 

positions – a geometric error analogous perhaps to relief displacement in the context of aerial 

photography.  Radar layover is depicted in figure. Here the topographic feature ABC is shown with 

AB=BC in the ground-range representation. However, because the radar can position A, B and C only by 

the time delay with relation to the antenna, it must perceive the relationships between A, B and C as 

shown in the slant range. Here A and B are reversed from their ground-range relationships, so that ABC 

is now bac. 

A second form of geometric error, radar-foreshortening, occurs in terrain of modest-to-high relief 

depicted in figure. Here the slant-range representation depicts ABC in their correct relationships abc, 

but the distances between them are not accurately shown. Whereas AB=BC in the ground range domain, 

ab<bc when they are projected into the slant range. Radar foreshortening tends to cause images of a 

given terrain feature to appear to have steeper slopes than they do in nature on the near-range side of 

the image and to have shallower slopes than they do in nature on the far-range side of the feature.   

Since the backscattered energy is collected in slant range, the received energy coming from a slope 

facing the sensor is stored in a reduced area in the image, i.e. it is compressed into fewer image pixels 

than should be the case if obtained in ground range geometry. This results in high digital numbers 

because the energy collected from different objects is combined. Slopes facing the radar appear (very) 

bright. Unfortunately this effect cannot be corrected for. This is why especially layover and shadow 

areas in radar imagery cannot be used for interpretation. However, they are useful in the sense that 

they contribute to a three-dimensional look of the image and therefore help the understanding of the 

terrain structure and topography. 

 

SAR 

To get useful spatial resolutions in radar images the RAR systems have their limitations, since there is a 

physical limit to the length of the antenna, that can be carried on an aircraft or satellite. On the other 

hand, shortening the wavelength will reduce the penetrating capability of clouds. To improve the spatial 

resolution a large antenna is synthesized. The synthesization is achieved by taking advantage of the 

forward motion of the platform. Using all the backscattered signals in which a contribution of the same 

object is present, a very long antenna can be synthesized. This length is equal to the part of the orbit or 

the flightpass in which the object is ‘visible’. Most airborne and spaceborne radar systems use this type 

of radar. Systems using this approach are called Synthetic Aperture Radar (SAR). 

 



SAR data are recorded in so-called raw format. It can be processed with a SAR processor into a number 

of derived products, such as intensity images, geocoded images and phase-containing data. The highest 

possible spatial resolution of the raw data is defined by the radar system characteristics.  

 

In a typical SAR application, a single radar antenna is attached to the side of an aircraft. A single pulse 

from the antenna will be rather broad (several degrees) because diffraction requires a large antenna to 

produce a narrow beam. The pulse will also be broad in the vertical direction; often it will illuminate the 

terrain from directly beneath the aircraft out to the horizon. If the terrain is approximately flat, the time 

at which echoes return allows points at different distance to be distinguished. Distinguishing points 

along the track of the aircraft is difficult with a small antenna. However, if the amplitude and phase of 

the signal returning from a given piece of ground are recorded, and if the aircraft emits a series of pulses 

as it travels, then the results from these pulses can be combined. Effectively, the series of observations 

can be combined just as if they had all been made simultaneously from a very large antenna; this 

process creates a synthetic aperture much larger than the length of the antenna (and much longer than 

the aircraft itself). 

 

Combining the series of observations requires significant computational resources. It is often done at a 

ground station after the observation is complete, using Fourier transform techniques. The high 

computing speed now available allows SAR processing to be done in real time onboard SAR aircraft. The 

result is a map of radar reflectivity (including both amplitude and phase). The phase information is, in 

the simplest applications, discarded. The amplitude information contains information about ground 

cover, in much the same way that a black-and-white picture does. Interpretation is not simple, but a 

large body of experimental results has been accumulated by flying test flights over known terrain. 

 

http://www.radartutorial.eu/20.airborne/ab07.en.html for SAR 

 

Speckle 

A typical property of radar images is the so-called speckle. It appears as grainy ‘salt and pepper’ effects 

in the image. Speckle is caused by the interference of backscattered signals coming from an area which 

is included in one pixel. The wave interactions are called interference. Interference causes 

the return signals to be extinguished or amplified, resulting in dark and bright pixels in the image even 

when the sensor observes a homogenous area. Speckle degrades the quality of the image and makes the 

interpretation of radar imagery difficult. It is possible to reduce speckle by means of multi-look 

processing or spatial filtering. 

 

LIDAR 

Laser Scanning can be defined as system that produces digital surface models. The system comprises an 

assemblage of various sensors, recording devices, and software. The core component is the laser 

instrument, which measures distance, also referred to as ‘laser ranging’. When mounted on an aircraft, 

the laser range finder measures the near vertical distance to the terrain in very short time intervals. 

Combining a laser range finder with sensors that can measure the position (GPS) and attitude (IMU) of 

the aircraft makes it possible to determine a model of the terrain surface in terms of a set of (X,Y ,Z) 

coordinates, following the polar measuring principle. 

We can define the coordinate system in such a way that Z refers to elevation. The digital surface model 

(DSM) thus becomes a digital elevation model (DEM), so we model the surface of interest by providing 

its elevation at many points with position coordinates (X,Y ). Do the elevation values, which are 

produced by airborne laser scanning (ALS), refer to elevation of the ‘bare ground’ above a predefined 

datum? Not necessarily, since the ‘raw DEM’ gives us elevation of the surface the sensor ‘sees’. Post-



processing is required to obtain a digital terrain relief model (DTM) from the DSM. The cheaper single 

return sensors only register one return pulse for every emitted pulse. Some of the range finders 

equipped with a single return sensor allow the operator to select either first or last return ranging. A 

multiple-return sensor can either register the first and the last return or even several returned pulses 

per emitted pulse. In such systems the beam may hit leafs at the top of tree canopy, while part of the 

beam travels farther and may hit branches or even the ground. Each return can be converted to (X,Y,Z), 

facilitating the differentiation ground surface - tree canopy.  

Further data processing then has to solve the problem of extracting information from the uninterpreted 

set of (X, Y,Z) coordinates. Typical tasks are extracting buildings, modelling trees (e.g. to compute timber 

volumes), and, most prominently, to filter the DSM to obtain a DTM. Replacing the elevation value 

at non-ground points by an estimate of the elevation of the ground surface is also referred to as 

vegetation removal or short ‘devegging’. 

There are two major advantages of laser ranging compared to microwave radar: high energy pulses can 

be generated in short intervals and highly directional light rays can be emitted by using small apertures. 

The latter is possible because of the short wavelength of lasers (10,000 to 1,000,000 times shorter than 

microwave). The consequence is much higher ranging accuracy. Note that the term radar (radio 

detection and ranging) is often used for short for microwave radar; however, in the literature you may 

also come across the term ‘laser radar’, which is a synonym for laser ranging. The term lidar, which 

stands for light detection and ranging, is often used as a synonym for laser range finding (a ‘lidar 

instrument’ being a laser range finder), although there are also lidar instruments that do not measure 

distance but the velocity of a target (‘Doppler lidars’). 

 

Thermal remote sensing 

Thermal Remote Sensing (TRS) is based on the measuring of electromagnetic radiation (EM) in the 

infrared region of the spectrum. Most commonly used are the intervals from 3–5 μm (MIR) and 8–14 μm 

(TIR), in which the atmosphere is fairly transparent and the signal is only lightly attenuated by 

atmospheric absorption. Since the source of the radiation is the heat of the imaged surface itself, the 

handling and processing of TIR data is considerably different from remote sensing based on reflected 

sunlight: 

1. The surface temperature is the main factor that determines the amount of energy that is radiated and 

measured in the thermal wavelengths. The temperature of an object varies greatly depending on time of 

the day, season, location, exposure to solar irradiation, etc. and is difficult to predict. 

2. Since thermal remote sensing does not depend on incoming sunlight, it can also be performed during 

the night. 

 

Planck’s Radiation Law describes the amount of emitted energy per wavelength depending on the 

objects temperature: 

 

 
 

Analyzing the black body curves (spectral exitance vs wavelength) :for very hot surfaces (e.g. the sun), 

the peak of the blackbody curve is at short wavelengths. For colder surfaces, such as the earth, the peak 



of the blackbody curve moves to longer wavelengths. This behaviour is described by Wien’s 

displacement law: 

 
We can use Wien’s law to predict the position of the peak of the blackbody curve if we know the 

temperature of the emitting object. If you were interested in monitoring forest fires that burn at 1000 K, 

you could immediately turn to bands around 2.9 μm in the SWIR, where the radiation maximum for 

those fires is expected. For ordinary land surface temperatures around 300 K, wavelengths from 8 to 14 

μm are most useful (TIR range). 

 

Relationship between surface temperature and total radiant energy is known as Stefan-Boltzmann law. 

 
 

The Stefan-Boltzmann law states that colder targets emit only small amounts of EM radiation, and 

Wien’s displacement law predicts that the peak of the radiation distribution will shift to longer 

wavelengths as the target gets colder. It is known by Planck’s law that photons at long wavelengths have 

less energy than those at short wavelengths. Hence, in thermal remote sensing we are dealing with a 

small amount of low energy photons, which makes their detection difficult. As a consequence of that we 

often have to reduce spatial or spectral resolution when acquiring thermal imagery datasets to 

guarantee a reasonable signal-to-noise ratio. 

 

For analysis, an image of relative radiant temperatures (a thermogram) is depicted in grey levels, with 

warmer temperatures shown in light tones, and cooler temperatures in dark tones. Imagery which 

portrays relative temperature differences in their relative spatial locations are sufficient for most 

applications. Absolute temperature measurements may be calculated but require accurate calibration 

and measurement of the temperature references and detailed knowledge of the thermal properties 

of the target, geometric distortions, and radiometric effects. 

 

Because of the relatively long wavelength of thermal radiation (compared to visible radiation), 

atmospheric scattering is minimal. However, absorption by atmospheric gases normally restricts thermal 

sensing to two specific regions - 3 to 5 μm and 8 to 14 μm. Because energy decreases as the wavelength 

increases, thermal sensors generally have large IFOVs to ensure that enough energy reaches the 

detector in order to make a reliable measurement. Therefore the spatial resolution of thermal sensors is 

usually fairly coarse, relative to the spatial resolution possible in the visible and reflected infrared. 


