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Deteção Remota 
RADAR micro-ondas
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MicrowaveRadar and RadiometricRemote Sensing
FawwazT. Ulaby, David G. Long

RADAR=Radio Detection And Ranging
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Radar de abertura Sintética

(1993)

(2000)



SeasatSAR

Fu, L-L, Holt, B., 1982. SeasatViews Oceans and Sea Ice with Synthetic-Aperture Radar. JPL 
Publication 81-120, NASA, Jet Propulsion Laboratory, California Institute of Technology, 
Pasadena, California, p. 200.

One of the microwave radars on board Seasat
was a synthetic-aperture radar (SAR). 

(Radar de AberturaSintética, bandaL)

SeatSatSAR

(1978)



Two interferograms were 
differenced to generate this 
image, which shows 
changes that occurred 
between the observations. 

Gabriel, A., Goldstein, R., Zebker, H.,1989. Mapping small 
elevation changes over large areas: Differential radar 
interferometry. Journal of Geophysical Research, VOL. 94, 
NO. B7, P. 9183, doi:10.1029/JB094iB07p09183.

Repeat  Track 
Interferometry

Yellow: no change

Black: losscoherence

Other: smallmotions2-3 cm 
(dueto watering)

SeatSatSAR
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Espetro Eletromagnético

Microwaves
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(X-rays)

AtmosphericOpacity
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Espetro eletromagnético
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Microwaves have important 
properties for RS due to their 
long wavelength (compared to 
visible wavelengths)

The longer wavelengths can pass 
through clouds, dust, haze, or even 
light rain since the longer wavelengths 
are not susceptible to atmospheric 
scattering.

ñAll -weather ò

ñDay and Night ò

Features of Microwave Remote Sensing
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In this course we are going to address systems based on electromagnetic radiation

Particle Model
( Planck )

Q = hf

Q is the energy of the quantum (Joules), h is the Planck constant (6.626X10 -34 J.s) 
f is the frequency in Hz (Hertz) and c is the velocity of light .

Radiation is carried by photons, or 
quanta, which travel at the speed of light 
and whose energy is proportional to the 
oscillation frequency.

c=lf 

In physics, radiation is the emission or transmission of energy in the form of waves or
particles through space or through a material medium

Electromagnetic radiation characteristics



Å Frequência ( f ) : numero de ondas completas que passam por um
ponto por unidade de tempo (segundo)

Å Período (T) : tempo necessário para uma onda dar uma volta
completa pelo mesmo ponto

E : campo eléctrico ; B : campo magnético; k : deslocamento

Electromagnetic radiation characteristics



Equações de Maxwell

In which :                                 is the Nabla operator, used 

as rotational Ð³and divergence Ð¶, 

j is the density of the electric current, and  re is the density of the 
electric charge.

D: deslocamento

E: campo elétrico

H: campo magnético

B: indução magnética

Published in the paper ñOn Physical Lines of Forceò in 1861 (rewritten by Oliver Heaviside e Willard Gibbs , in 1884 ) .

Equaçõesde Maxwell
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For a homogeneous and isotropic medium distant from any emitting source, the 
D and H fields are related to the E and B fields by the expressions :

Where:

eis the dielectric constant or electrical permittivity and
mis magnetic permeability. 

In the case of a vacuum, which is a linear, homogeneous and isotropic medium, the 
electric constants are called  e0 e m0 .

Displacement ºElectric Field

Equaçõesde Maxwell
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Equaçõesde Maxwell
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Assuming the previous simplification, Maxwell's equations are written as:

From which the wave equation for the electric field results:

Ð³

Equaçõesde Maxwell

Vector equation 
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Plane electromagnetic waves

Let's start by considering a fixed oscillation in space (without propagation in space).

where E is the electric field and is a 
constant (angular frequency)
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A possible solution to this equation is:

Plane electromagnetic waves

Another possible solution would be:

To encompass the two possible solutions, it is usual to represent motion in the complex 
plane with the real xx axis and an imaginary yy axis. The solution is:

(Euler'sformula)
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With propagation in space, in the z -direction:

The solution is:

In that k a constant related to the number of oscillations along the direction z . Maxwell's 
equations are then:

Thissolution representsa wave propagatingin the z-direction
(the wavecarrieselectromagneticradiation,in this direction)

l

pÖ
=

2
k

f
T

ÖÖ=
Ö

= p
p

w 2
2

Plane electromagnetic waves

Wavenumber

(Check this solution)

Angular frequency
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Another solution of Maxwell's equations, round 90 ° , is:  

The general solution of Maxwell's equations is:

The phase difference jy-jx determines the polarisation state of 
the electromagnetic wave.

That is: in the yy.

Plane electromagnetic waves
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Apolarizaçãoé dadapeladireçãodo campoelétricoE.

0=- xy jj

( )ppjj -=- ouxy

Linear polarization

Left-wingcircular polarization

Ellipticalleft-wingpolarization

2

p
jj =- xy

oyox EE ¸

oyox EE =

Right-wingcircular polarization

Ellipticalright-wingpolarization

2

p
jj -=- xy

oyox EE ¸

oyox EE =

Polarizaçãodas ondaseletromagnéticas
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Vertical

Horizontal

By definition, the polarization of an electromagnetic wave is the plane in which the electrical 
component of the wave is located.

Linear

Polarizaçãodas ondaseletromagnéticas
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Circular Polarization

The combination of two linearly polarised waves, one vertical and one horizontal, of the same 
amplitude and electrically phased by 90 degrees ,                    results in a circularly polarised 
wave. 2

p
jj =- xy

Polarizaçãodas ondaseletromagnéticas
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n

h

Electric
field

Transverse
plane

Directionof 
spread

Horizontal polarization
(Ex. RADARSAT HH)

Vertical polarization
(Ex. ERS -1/2 VV)

vόƻǳ άȅέύ

kόƻǳ άȊέύ

hόƻǳ άȄέύ
hόƻǳ άȄέύ

vόƻǳ άȅέύ

kόƻǳ άȊέύ

n

h

Polarizaçãodas ondaseletromagnéticas
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Tejo VH

Polarizaçãodas ondaseletromagnéticas
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Tejo VV

Polarizaçãodas ondaseletromagnéticas
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A phenomenon characterized by a variation in the intensity (spatial or temporal)
of electromagnetic radiation following the superposition of two electromagnetic
waves with the same frequency and propagating in the same direction . The
intensity is not equal to the sum of the intensities of each of the two waves .

Interference

sources that emit electromagnetic 
radiation with a constant phase 
difference in time (or space).

Interference Coherent sources

Examples of coherent sources are: LASER RADAR

Interferência
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Spatial
Coherence

phase difference observed at time t between points 
P1 and P2. If this phase difference remains constant 
in time, we speak of perfect spatial coherence.

Temporal 
Coherence

phase difference observed at point P at instants t and 
t+ǧt. If, for a given ǧt, this phase difference remains 
constant, for each t, we speak of perfect temporal 
coherence.

Interferência
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A !Ω

H

B

P

S1 S2

r1 r2

x

The two point sources S1 and S2 are coherent 
and monochromatic f - frequency.

The AAô plane is parallel to the plane 
containing the S1 and S2 sources.

The distance H is much greater than the 
separation B between the sources.

The total electric field at point P (with position x) is given by:

(knowingthatw=2p/T    e    k=2p/l)

Interferência

Recalling that:
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The sum of two waves of amplitudeE0 isgivenby:
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Under these conditions, they can be 
seen on the screenAÁ illuminated 
areas and alternating obscure areas 
(so-called interference fringes):

Z0 - impedance

Interferência
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In the case of radar interferometry, the interference is observed at the level of 
phase (and not intensity), which is dependent on the morphology of the terrain or 
its variations.

Using Complex Notation for the Electric Field
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The term interference is given by
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Interferência
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ᾀ ὶὩ ὉẗὉᶻ Ὁ ẗὩ
ẗ ẗ

Theargument(angleq) of the complex number z provides the information contained in the SAR 
interferogram.

—
ς“

‗
ẗὶ ὶ

‰ ‰ π

Constant phase difference due to 
coherence of radiation sources 

Electromagnetic and spatial coherence

A A

H

B

P

S1 S2

r1 r2

x

Interferência

In case the measurement is 
carried out at the sensor level 
then instead of r we are 
measuring the distance 2r
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Interferência:: Sintese

Interference :: Overview
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Interferência

Interferometry SAR
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https://spacenews.com/china-launches-first-of-2800-satellites-
for-ai-space-computing-constellation/
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Passive and active Remote Sensing
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The microwave energy recorded on a passive 
sensor (radiometer) can be:

1. Emittedby the atmosphere

2. Reflectedby the surface

3. Emittedby the surface

4. Surface-Transmitted

Because the wavelength is "too large", the available power is very small when compared 
to optical wavelengths.

Therefore, the resolution element on the ground must be large enough for the energy to be 
detected at the satellite level. 
Passive microwave sensors (radiometers) are characterized by a low spatial resolution.

Passive Microwave Remote Sensing



SMOS will provide:

ü Global maps of soil moisture every three days within an 
accuracy of 4% at a spatial resolution of 50 km ï
comparable to detecting one teaspoon of water mixed into 
a handful of soil.

ü Global maps of sea -surface salinity down to 0.1 practical 
salinity units for a 30 -day average over an area of 
200 × 200 km ïcomparable to detecting 0.1 g of salt in a 
litre of water.

46

{ah{Ωǎmicrowaveradiometercapturedwind speed readingsfrom three different typhoonsduring10ς15 
October2013. Theimageshows wind speeds up to 140 km/h (darkred) for CyclonePhailin(left), Typhoon
Nari(middle) andTyphoonWipha(right). Pixel size43 km

Soil Moisture and Ocean Salinity (SMOS)

Passive Microwave Remote Sensing
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SMOS maps Europe's dry autumn soils / SMOS / Observing the Earth / Our Activities / ESA

47
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RADAR is an active sensor, transmitting its 
own energy, and then measuring the return 
ǎŎŀǘǘŜǊŜŘ ōȅ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ōŀŎƪ ǘƻ ǘƘŜ 
ǎŀǘŜƭƭƛǘŜΩǎ ŀƴǘŜƴƴŀΦ 

RADAR (Radio Dectection And Ranging ) 

The data for a RADAR image is collected by a satellite 
with a side looking antenna, which transmitsa stream 
of radar pulsesand records the backscattered signal 
corresponding to each pulse.

Active Remote Sensing
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Electromagnetic signal in the microwave 
region: band X (3 cm); band C (5 cm); band L 
(21 cm).

49

RADAR imaging


