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ACTIVE/PASSIVE REMOTE SENSING

Passive observation

The source is the sun

ÅRadiometer

ÅCamera

Active observation

The source comes from the 

instrument

ÅLIDAR

ÅRADAR



THE FREQUENCY RANGE OF MICROWAVES

RADAR

FROM P BAND TO KA BAND
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Radar basis

The radar itself provides the required energy: 

Ą It can therefore be used at both day and night 

Microwaves in the field of radar are not very sensitive to the atmosphere: 

Ą The radar works even under cloud cover



1) RADAR EQUATION

The radar  equation reflects the influence of physical phenomena on the radiated 

power, the wave propagation, and until the reflected signal (echo) is received. 

The radar equation provides an estimate of the performance of a radar system.

Considering Pe : power emitted by radar ;

R : distance target-radar ;

24 R

PeGe
Ss

p
= The incident flux at the target surface

Pis = Ss Ars is the power intercepted by the scatterer: equal to power density multiplied 

by the effective area of the scatterer

24

1

Rp
The loss factor linked to propagation of wave in the vacuum



The effective area is a quantity dependent on the target and indicates its power of greater 

or lesser reflection. It depends on the form, the nature and its materials Constituents as 

well as the one of the wavelength, of the incidence. 

A part of the power received is absorbed, the other part is returned directions.

Absorbed fraction fa Reflected fraction 1-fa

Reflected power Pts=Pis (1-fa)

The scatterer behaves like an antenna, the power density that returns to the receiver is:

ö
ö

÷

õ

æ
æ

ç

å
=

24

1

t

tstst
R

GPS
p

The power at receiver is :
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ÁThe radar equation is written:

ÁThe radar cross-section or the backscattering effective surface area is 

combined in a single factor if the transmitter and receiver are in the same location 

(radar case). This factor depends on the incident and reflected wave of the shape 

and the dielectric properties of the diffuser
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The radar coefficient or radar backscatter coefficient is defined as

In the case of punctual target

In the case of extended target
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In the case of an extended target

The signal is an amplitude and phase combination of the elementary signals 

From each surface element, shifted by 2R/c at emission
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The integral is performed on the observed surface S, delimited by the main lobe of 

the antenna. Assuming that the target is sufficiently far from the radar and 

therefore that all points are at equal distance R = R0 and that s0 is constant on 

the observed surface, the equation reduces to:
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For the observation of the surfaces, one calculates s0 from the received power 

and by applying the radar equation. From s0, we deduce, for a configuration of 

the given system (frequency, Incidence, polarization), surface characteristics of 

the target using models that link s0 to the characteristics of the surface.

1) RADAR EQUATION



Since the radar backscatter coefficient s0 has a high dynamic range, it is

often chosen to express it in decibels:

()qss 00 log10=
dB

The radar backscatter coefficient is also defined as the ratio of the total

power isotropically scattered by a diffuser equivalent to the incident power

density occurring on the target. Its expression is:
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2) Principal technical and technological

choices for satellite sensors

a) Frequency choice

ÅThe carrier frequency is one of the essential 

technical characteristics. 

ÅThis is the result of a number of constraints, mainly: 

ĄRegulatory constraints, 

ĄThematic objectives, 

ĄTechnological and technical constraints, 

ĄOverall mission / platform constraints.



Regulatory constraints

These are constraints due to the regulations of the International

Telecommunication Union (ITU), limitations linked to other missions

(terrestrial primary services, etc.).

Thematic objectives

The observed media, which are essentially large and natural targets, can be

roughly classified into three categories: Rainfall (precipitation rates to be

measured) The sea (wind, surface) Vegetation and soils (roughness,

humidity, vegetation, ...)

Technological and technical constraints

It is to study the feasibility or not (at a reasonable cost of course) of

elements of the radar (amplifier, antenna, signal generator, ...). Example of

constraints: the size of the antenna (to be put under the cap of the satellite

launcher).

Mission constraints

This is a more general level (system including the ground segment, for

example: effects of atmospheric disturbance, etc.).



b) Polarisation

Å At a great distance from the radiation sources (antennas) and in 

the main radiation lobe, the electromagnetic field is constituted 

by transverse vibrations perpendicular to the direction of 

propagation. Both electric field and magnetic field are 

perpendicular. The two vibrate at the same frequency and with 

proportional amplitudes. 

Å The direction of polarization of the wave is that of the 

electric field E. In the general case, the vector E rotates one 

complete revolution during an alternation. It is then shown that its 

end describes an ellipse, it is said that the polarization is elliptic.



ü Particular cases :

Å Circular polarization (equal axes of the ellipse) 

Å Linear polarization (vector E maintains a fixed direction, completely 

flattened ellipse).

In the spatial case, only linear polarization is used 

(simpler). The polarizations are called V if the vector E 

is contained in the plane of incidence and H if the 

vector E is perpendicular to this plane It will be 

possible to receive in the same polarization as at 

emission, which corresponds to the configurations 

named for example HH and VV (or possibly crossed 

HV). The signals are strong when the elements are 

oriented in the same direction as the polarization of 

the incident wave.



Polarimetric radar  

HH HV VV Composed image

A polarimetric radar allows the measurement of all the terms of the 

scattering matrix:
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c) spatial resolution of radar

Å The spatial resolution of the radar translates the notion of separating 

power and decorrelation of the measurements made. 

Å It is the result of the geometrical resolution related to the antenna and a 

temporal resolution related to the pulses: 

- first, on the ground, the main lobe of the antenna defines an area 

on which the radar is measuring. Then the radar transmits pulses, 

modulated or not, depending on the radioelectric axis of the 

antenna or the distance axis. After reception and adapted 

processing of these pulses, a response of the radar defining its 

range resolution is obtained along the range axis, thus forming 

remote gates.



d) Radiometric resolution

- It characterizes the residual fluctuation of the measurement of the 

backscattered power after spatial or temporal average of N cells of mean 

power PR in the presence of a noise power B.

- The radiometric accuracy of the measurement can be defined either 

absolutely or relative. Absolutely, it expresses the total bias of the 

backscatter coefficient over the duration of the radar mission. It includes 

all the causes of error and inaccuracy on the measure, among others:

- uncertainty on antenna gain Ge GR, - antenna deployment effects -

inaccuracy of the internal radar calibration - effects of atmospheric 

attenuation - effects of possible non-linearities in reception. 

- An accuracy of less than 1 dB in absolute radiometric resolution is 

sought for most space radars (altimeter, SAR, scatterometer).

- Then a relative notion can be defined. For example, for observations at 

different instants in SAR, a relative accuracy better than 1 dB may be 

sought.



3) Absoluate calibration 

a) punctual targets
Å Objective: identification of the absolute 

value of the radar measurement

Å Insufficiently accurate calibration will 

result in poor scattering interpretation

Å Use of point targets whose radar 

signature is known (trihedrons, 

dihedrons, ...) 

Å At lower frequencies, larger reflectors 

are used since the power of the 

returned signal is proportional to the 

square of the radar frequency

Polarimetric signature of a trihedron reflector.
Polarimetric signatures of a dihedron



b) extended targets

Å Using extended targets whose 

signature does not change 

with time

Å Exemple: amazonien forest, 

deserts, antarc ...tic



4) Principal types of spatial radars

ÅAltimeter

ÅSAR 

Åscatterometer



Altimeters

Space altimetry is a technique for measuring satellite 

heights. It uses the time taken by a radar beam to 

make the satellite-to-surface round-trip, associated 

with a precise location of the satellite, to carry out its 

measurements. An altimeter radar on board a satellite 

transmits a very high frequency signal (more than 

1700 pulses per second) vertically to the ground and 

receives in return the echo reflected by the surface of 

the sea The analysis of the echo makes it possible to 

extract a very precise measurement of the travel time 

between the satellite and the sea surface, as well as 

the height of the waves and the speed of the wind. 

This time is then transformed into a distance by 

simple multiplication by the speed of light, the rate at 

which the emitted electromagnetic waves propagate.

Exemples: TOPEX/POSEIDON, JASON



Applications

üSea level

üHydrology

üGeodesy

üGlaciology

Level of Tchad lac

Water level


