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Detecao Remota —
RADAR microndas

RADAR=Radio Detection And Ranging Microwave

Radar and Radiometric
Remote Sensing

MicrowaveRadar andRadiometricRemote Sensing
FawwaZl.Ulaby David G. Long
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Oceanography and sea Ice

Advances in Oceanography and Sea Ice

Research Using ERS Observations
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(2000)
ERS and Volcanic activities s e R Image of an
earthquake
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SeatSaSAR

(1978)

(Radar deAberturaSintética bandal)

The refraction of impinging deep ocean waves by varying bottom topography in
near-shore areas is one of the major concerns of coastal engineers. This image shows
how deep ocean waves are refracted by the bottom topography west of Portugal.

Fu, LL, Holt, B.1982 SeasaW/iews Oceans and Sea Ice with Synthé&perture Radar. JPL
0 10 km N \ ILLUMINATION Publication 81120, NASA, Jet Propulsion Laboratory, California Institute of Technology,
' =—DBIRECTION Pasadena, California, p. 200.
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SeatSabAR

Repeat Track
Interferometry

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

Yellow nochange
Black losscoherence

Other. smallmotions2-3 cm
(dueto watering)

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

Spaceborne sensors for Earth remote active
sensing with electromagnetic waves

Sensors
Radar
. K X = B
Lidar
a u c L
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100 nm 1 um 10 um 100 um 1 mm 1cm 10 cm 1m
viﬁe thermal Infrared wave length I I
Infrared Microwave
radiometers
optical -
dassilve
sensors p Microwaves: 300 MHz — 300 GHz:
Sensors (1m—1mm)
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Features of Microwave Remote Sensing
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Electromagnetic radiation characteristics

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

In this course we are going to address systems based on electromagnetic radiation

Radiation is carried by photons, or
Particle Model quanta, which travel at the speed of light

(Planck ) and whose energy is proportional to the
oscillation frequency.

Q=hf + [clf =

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

C
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Electromagnetic radiation characteristics

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

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

A Periodo (T): tempo necessario para uma onda dar uma volta
completa pelo mesmo ponto

Ciéncias



EquacGesle Maxwell

[Equacdes de Maxwell

Published in the paper A0On Physical L Oliver Heaviside FedNillar@ dGiblbsn, in18846 ). (rewr i tten by

dD . D: deslocamento
VXH=—+] V-D=p
= E: campo elétrico
7B H: campo magnético
VXE=—— V-B=10
dt B: induc&o magnética
. d d 4
In which : V= (— — ,4s-the Nabla operator, used
dx dy oz

as rotational D3 and divergence DT,

] is the density of the electric current, and I . is the density of the
electric charge.
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EquacGesle Maxwell

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

D ==cE B =uH
Displacement ° Electric Field

Where:

e is 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 e em.

Ulisboa 14



EquacGesle Maxwell
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Definigdes e unidades

Simbolo Significado (o primeiro termo € o mais comum) Unidade S| de medida
E Campo elétrico olt por metro
Tambem chamado de intensidade de campo elétrico newton por coulomb
Campo magnético —
Tambem chamado de inducdo magnética
B . L weber por metro quadrado,
Densidade de campo magnetico
) L volt-segundo por metro quadrado
Densidade de fluxo magnetico
Campo de deslocamento elétrico
. i T coulomb por metro quadrado
D Tambem chamado de inducdo eléfrica
) L newton por volt-metro
Densidade de fluxo elétrico
Campo magnetizante
Também chamado de campo magnético auxiliar .
H i - ampéere por metro
Intensidade de campo magnético
Campo magnético
V- Operador divergéncia
"por metro”
Vx Operador rotacional
d . ) ) "por segundo”
— Derivada parcial com respeito ao tempo
at hertz
Elemento vetoral diferencial da superficie "A", com magnitude infinitesimalmente
dA o . - metro quadrado
pequena e direcdo normal a superficie "§"
dl Elemento vetorial diferencial do comprimento tangencial a curva metro
o . . e farad por metro
Permissividade do vacuo, também chamada de constanie elétrica, uma constante
€p ) coulomb ao quadrado por newton
universal
metro quadrado
Permeabilidade do vacuo, também chamada de constante magnética, uma constante henry por metro
Ho universal newton por ampére ao gquadrado
Py Densidade de carga livre (cargas ligadas) coulomb por metro clbico
g Densidade de carga total (incluindo cargas livres e ligadas) coulomb por metro cabico
Jg Densidade de corrente livre (ndo incluindo correntes ligadas) ampére por metro guadrado
J Densidade de corrente total (incluindo correntes livres e ligadas) ampére por metro quadrado
Rede de cargas elétricas livres dentro de um volume tridimensionalV (ndo incluindo
Qs(V) . coulomb
cargas ligadas)
Rede de cargas elétricas ligadas a um volume tridimensionalV (incluindo cargas livres e
QV) & & ( g coulomb

ligadas)
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Equactesle Maxwell

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

Vg — dVxB a( BE)
T T e\t oxn=204;
P 3
?XEz_%f
5 dV X E dB
VB = oo g = oo ()
From which the wave equation for the electric field results:
d°E 1 A%E
———VE=0 Ep S 2V =
M? s, 312 cgV'E=10
1
2
Cg —
HyZy Vector equation

Ciéncias
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Plane electromagnetic waves

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

3°E
22 —
@ W S
1
c2 =
Iy Ey

" dzE 2o —
X acz TR

v

2 i where E is the electric field and is a
e constant (angular frequency)

c 19
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Plane electromagnetic waves

A possible solution to this equation is: E =E;coswt J2E

= wE=0
Another possible solution would be: E = E; sinwt

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:

E = E, (coswt +isinwt) = E;exp (iwt)

Imagina . .
ok x=rcosf; y=rsinf; z=r (cosf +isinf)

! - |

______ =X L _— . ;. '
7 : b e =cosy+isiny  (Eulersformula)
\’L\/ l
6 | Real _
0 L3 Rl > = paif




Plane electromagnetic waves

. o . o d°E d°E
With propagation in space, in the z-direction: — —f— =0
at? dz?
The solution is: E(z,t) = E, cos(wt — kz) / (Check this solution)
Inthat k a constant related to the number of oscillations along the direction z. Maxwell's
equations are then:
_ 2Q
k = Wavenumber
E.(z.t) = E; cos(wt — kz) /
7 E}‘{:E’ t} =0 w= _ =2 Angular frequency

E, {:E, t:} =0 This solution representsa wave propagatingin the z-direction
- (the wavecarrieselectromagnetiaadiation,in this direction)

Ciéncias 22



Plane electromagnetic waves

Another solution of Maxwell's equations, round 90°, is: Thatis: inthe vyy.

FEx{z,t} =0
1E,(zt) = E; cos(wt — kz)
E,(zt)=0

Vector rotation

ﬁ @ rads's
.9 +Am

The general solution of Maxwell's equations is:

-— Ay = A, sin(ot + ¢)

Lo N8P 240° 300° 380°

E.T{ [E, t] — ED;{CUE [mt —_ kZ — (p:{] 30 60° 90° 120" 150° 7 27:o° 13300
| EF [Er t] - ED’FCDE [{-'-Jt N kz B q:'::_r] RotatingPhasor Sinusoidal Waveform in =
the Time Domain
E.(zt)=0

The phase difference,-] , determines the polarisation state of
the electromagnetic wave.
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Polarizacadasondaseletromagnéticas

A polarizacaaee dadapeladirecaodo campoelétrico E

jy_jx:O
jy-ix=p (ou -p)




Polarizacadasondaseletromagnéticas

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

Linear

Vertical

Horizontal




Polarizacadasondaseletromagnéticas

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

Circular Polarization




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




Polarizacadasondaseletromagnéticas
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Polarizacadasondaseletromagnéticas
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Interferéncia

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 )  Coherent sources

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

Examples of coherent sources are: M M

— 31
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Interferéncia

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.

Spatial

Temporal phase difference observed at point P at instants t and
i t + g if, foragiven @ t this phase difference remains
constant, for each t, we speak of perfect temporal
coherence.

Jo&o Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Interferéncia

S1 S2
The two point sources S1 and S2 are coherent

and monochromatic f -frequency.

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

©

I

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

A P 1 0
X
The total electric field at point P (with position Xx) is given by:
t ry t r,
Ey(ryt) +Ep(ryt) = Epycos (3“ (_ - _) + '[I5"1) T Ep 25“5{3“(_ - _) T @)
’ T A : T A
C Recalling that:  E.(zt) = Ey cos(wt—kz —@,) (knowingthat VV:2p/T e k:ﬁ” )
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Interferéncia

The sum of two waves of amplitudgis givenby:

t r t r
E,(ry,t) +E,(r,,t)~E, {cus (En (T — f) + tpl) + EDE{:ET[(T — f) + Lpz}}

Under these conditions, they can be ’ ; _,_c
seen on the screeAA illuminated s B A
areas and alternating obscure areas . ‘1 j J }-::}: : %
(so-called interference fringes): - r‘- _______ : “
e ARV e
o 4o C ' com as franjas ==

Z, - impedance

de interferéncia




Interferéncia

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

A ot he . 0
E:L — E @I%p%-78/1§
0

The term interference is given by

oig ogial T Jiosto = ) joj gt 11 1)

35



Interferéncia

E = E; (coswt +1 sin wt) = Ejexp (iwt)

¢ o otc Jo| tol—t 10 )

0O W W

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

— E 0] (% %] st B

%o %o T ‘

Constant phase difference due to
coherence of radiation sources c“ rl
Electromagnetic and spatial coherence — —t]i ]

et

r2

- - - —————— === ==

H
In case the measurement is =
carried out at the sensor level —  —tfi 1] A P A
then instead of r we are = X
C measuring the distance 2r —
36




Interferéncia:: Sintese

E = E, (coswt + i sin wt) = Eyexp (iwt) Interference :: Overview

a 0 Qow O Jw Imaginary
axis

— s oe(3) ! i
0V i
yb———— z=xXx+y
%
\’L\ I
6 I Real
ch > axis

& 1o otg [o] il
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Interferéncia

Interferometry SAR

C
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NISAR

NISAR (NASA-ISRO Synthetic Aperture Radar)

® ACTIVE MISSION

ABOUT THE MISSION THE NEWS THE SCIENCE

NISAR @& Covering the Major Milestones - - Behind the Science -

Designed to provide a detailed view of the Earth to observe and measure RV SRR
Orbiter July 30, 2025

some of the planet's most complex processes, including ecosystem

disturbances, ice-sheet collapse, natural hazards, sea level rise, and PART

NASA, Indian Space Research
Organization (ISRO) surface

groundwater issues. lts radar, the first of its kind in space, will

systematically map Earth, measuring changes of our planet's surface as
small as a centimeter.

|
Ciéncias
Ulisboa




Giant Radar Antenna Reflector on
NASA-ISRO Satellite in Full ‘Bloom’

* Instruments
L-SAR (24cm wavelength) and S-SAR (10cm wavelength)

* |nstrument Type
Synthetic Aperture Radar (SAR)

» Altitude/Inclination
747 km/98.4°

The NISAR satellite uses a radar antenna reflector that's 39 feet (12 meters) in diameter to gather information about Earth’s changing surface. The

mission scans nearly all the planet’s land and ice surfaces twice every 12 days.
NASA/JPL-Caltech

Seventeen days after NISAR's launch from southeastern India, an essential piece of science hardware has unfurled in orbit.

Spanning 39 feet (12 meters), the drum-shaped antenna reflector on the NISAR (NASA-ISRO Synthetic Aperture Radar)
satellite mission from NASA and the Indian Space Research Organisation (ISRO) successfully unfurled in low Earth orbit. The
reflector had been stowed, umbrella-like, until the 30-foot (9-meter) boom that supports it could be deployed and locked in
place.

uLIBLUU
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Launch

China launches first of 2,800 satellites for Al space
computing constellation

https://spacenews.com/chindaunchesfirst-of-2800-satellites

by Andrew Jones May 14, 2025 . . :
for-ai-spacecomputingconstellation/

HELSINKI — China launched 12 satellites early Wednesday for an on-orbit computing project led by
startup ADA Space and Zhejiang Lab.

A Long March 2D rocket lifted off at 12:12 a.m. Eastern (0412 UTC) May 14 from Jiuguan Satellite
Launch Center in northwest China. Insulation tiles fell away from the payload fairing as the rocket

climbed into a clear blue sky above the spaceport.

The China Aerospace Science and Technology Corporation (CASC) announced a fully successful
launch, revealing the mission to have sent 12 satellites for a space computing constellation into
orbit.

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Passive and active Remote Sensing

passive active

SPOT 5
(optical satellite)

TerraSAR-X
(radar satellite)

Further Examples: Further Examples:

Non-imaging: radiometer, magnetic
sensor

Non-imaging: radiometer,
altimeter, laser

Imaging: cameras, optical
mechanical scanner, spectrometer,
radiometer

Imaging: Real Aperture Radar,
Synthetic Aperture Radar

C
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Passive Microwave Remote Sensing

The microwave energy recorded on a passive
sensor (radiometer) can be:

1. Emittedby the atmosphere
2. Reflectedby the surface

3. Emittedby the surface

4. Surfacelransmitted

41
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Because the wavelength is "too large", the available power is very small when compared
to optical wavelengths.

detected at the satellite level.
Passive microwave sensors (radiometers) are characterized by a low spatial resolution.

Ciéncias 45

» Therefore, the resolution element on the ground must be large enough for the energy to be




Passive Microwave Remote Sensing

Soil Moisture and Ocean Salinity (SMOS

.‘ - . ] ] E—— - 140
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A N 100 _
25°N 4 . ' {00 E
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{ a h {ne@dwaveradiometercapturedwind speedreadingsfrom three different typhoonsduring10¢15
: October2013.Theimageshowswind speedsup to 140 km/h @larkred) for Cycloneghailin(left), Typhoon
C Nari(middle) and TyphoonWipha(right). Pixelsize43 km 46
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SMOS maps Europe's dry autumn soils / SMOS / Observing the Earth / Our Activities / ESA

Soil Moisture map of Europe - November 2011

Wetter

T
-

Drier

C
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Active Remote Sensing

RADAR is an active seng@nsmittingits
own energy, and then measuring the return
a0 00SNBR 0& UKS SINIKQa
al0SttAGISQa YyiuSyyl o

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

E CCRS FCCT

RADAR (Radio Dectection And Ranging )
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RADAR imaging

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

49
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