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Content d:esa

* SAR antenna

* Frequency domain — EM spectrum

* Incidence angles and Ranges

e Surface roughness and backscatter (NRCS)
* Bragg scattering and image formation

e Spatial Resolution
— Range (across track)
— Azimuth (along track)

* Processing from raw data to SAR image
* Range Doppler signal




ENVISAT ASAR Antenna

MIPAS AATSR

ASAR antenna
10mx1.33 m
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Synthetic Aperture Radar \sesa

* Side-looking

 Active antenna that
transmits/receives electromagnetic
radiation in VV, HH, VH, HV pol

e Records both signal amplitude and
phase

 Works both day and night
* Can “see” through clouds
angle
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ATMOSPHERIC,
TRANSMISSION, %

ELECTROMAGNETIC SPECTRUM
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Angles and Ranges

SAR

Slant Plane

Slant Range
6, Resolution

Oy

Ground Plane
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Surface Roughness and SAR backscatter {<esa

The ocean surface roughness is influenced by wind

and waves, currents, surface slicks and
and is often different in open ocean versus coastal or

ice covered regions due to fetch effects

The surface roughness is the source for the backscatter of
the SAR signal.

The signal that arrives at the antenna is registered both in
Amplitude and Phase.
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Surface Roughness and SAR backscatter {<esa

Surface Roughness
&
Surface Motion
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Surface Roughness and SAR backscatter {<esa

Enhanced
backscatter

Smooth surface (light

< wind)

Rough surface (stronger wind)
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Bragg Scattering

At oblique incidence angles, the SAR
backscattering arising from the sea surface is
caused by surface waves of the order of the
radar wavelength.

These waves are called “ Bragg waves”. They obey
the “ Bragg resonance condition®:

Ag = A, /2 sino

where A; = Bragg wavelength, A = radar wavelength, and
®= incidence angle
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Bragg Scattering and Radar Cross-section

SYNTHETIC The radar backscatter is primarily determined by the Bragg
APERTURE scattering (determined by the surface roughness): A=2 }\'B sin®
RADAR for incidence angles in the range of 20 to 50 degrees

SAR is a transmitting-receiving instrument where
P.=(P,/ 4nR2) G (o / 4nR2) A

P (r=receive, t=transmit), R = range distance, G = antenna gain, ¢ = radar cross section, A = antenna area,
o, = 10 log,, (o /A) is defined as radar backscatter (=function of surface roughness)
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Image Formation of Surface Roughness {cesa

4 A short pulse is emitted by the antenna and then the
amplitude and phase of the backscattered signal is
recorded as a function of time.

Antenna This is repeated over again while the platform is
moving, and a 2-dimensional image is thus generated.
Azimuth ‘
Range
X
| 00l9) = o, (surface roughness) = ~

o,(wind, waves, breaking, current)




Spatial Resolution

The SAR spatial resolution is independent of the platform
height. This is remarkable and unique for SAR
instruments.

In range Xr =C T/ZSin(I) (where c: speed of light, t: pulse length, ®:incidence angle)

In azimuth Xa = D/Z (D = antenna length)

A frequency modulation - chirp of the pulse in used in range. In azimuth a synthetic aperture
principle is used whereby the motion of the platform induces a frequency modulation. In

result a very long antenna is synthesized by the motion of the platform. For ASAR the length
of the synthetic antenna is around 20 km!

Consequently, in both directions, the signals are frequency modulated. This modulation is
sensed in the Doppler shift.
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Range Resolution {cesa
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Increase of the range resolution

We have noticed already that the range resolution X, =c t/2 sin0 of a RAR or SAR is
independent of the platform height.

However, it is technically not possible to generate a radar pulse that has a
length of only a few meters.

Radar engineers use a long pulse with a (linearly) modulated frequency - called
a Chirp. With this technique it is possible to increase the range resolution

Inear Fh pulse
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Range Resolution

Pulse is not frequency modulated

| | | | | | | | | | I
| I
I L =ct I Target 1 Target 2

L/2

L/2 = separation of the targets

L=pulse length

The two targets separated by L/2 can only be resolved when the pulse length ct is equal to or
smaller smaller than L/2.

Range resolution: X, = ct/2sin@
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Range Resolution {zesa

\&

Improvement of the range resolution by
using a frequency modulated pulse

S2(t) \/\/W\/W

;127\/\/\!\}\/\}\1

Backscattered signal S(t), is the
sum of the backcattered signals
from target 1 and target 2.
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Range Resolution

Improvement of the range resolution by
using a frequency modulated pulse

0.5 —
j | (values are normalized) i L | |
' 3 3.5

] 0.5 1 1.5 2 2.4 4 4.5 5

separate peaks. The minimum distance of these peaks is given by X, = ct/2

The positions of the two targets show up in the correlation function c(t) as two ‘
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Range Resolution dcesa

A frequency modulated pulse can resolve targets
which are separated by less than L/2.

This Is achieved by cross-correlating the
backscatterd pulse s(t) = s,(t) + s,(t) with a

reference signal u, (t), which is the
complex conjugate of the emitted signal:

v+

c(t) = | slt+t)u elt)dt




Azimuth Resolution {cesa

‘ Deriving fine azimuth resolution (courtesy of Prof. Werner Alpers) ‘

Acoustic anology of a

SAR

antenna

frequency
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Azimuth Resolution &\&&esa
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Synthetic aperture radar

V = platform velocity "
antenna

T = integration time beam

L = length of the synthetic antenna

target L

The target is for T seconds (T =L/V) in the antenna beam
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Azimuth Resolution &Q_‘esa
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Synthetic aperture radar principle (more after Alpers)

V < antenna

f, =+VO/ A f, = Doppler shift
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Azimuth Resolution

Synthetic aperture radar principle - 2

V < antenna
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Azimuth Resolution

Synthetic aperture radar principle - 3

V < antenna
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Azimuth Resolution {cesa

Change of the Doppler shift f, dCFOSS the aperture

> antenna

V= velocity of the target
through the antenna beam

V,=Vsin0/2
=V 0/2 Vv

(approx.)

f,=+2V /A (= (2V, /c) f) =+VO/ A

Change of Doppler shift across the aperture =f,-(- f,)=2f,= 4V / A= 2V0/ A
2f, = B is called the Azimuthal Bandwidth of the SAR
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Azimuth Resolution {zesa
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Application of the general rule in signal processing that, i

an electrical system has a bandwidth B, then it can resolve a signal that has a time length

of At=1/8, t0 SAR:

The time interval that can be resolved is

At=1/B=1/2f ;= A /2VO =D/2V (because of 0 = A/D).

The spatial interval in flight direction that can be
resolved =azimuthal resolution = X_ = VAt =D/2.

Thus, the unique azimuthal resolution of a SAR is
independent of range R and is proportional to the
antenna length D

E .
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Schematic Summary of the SAR Image azimuth resolution &esa
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Processing

In the SAR processor these frequency modulated signals
are used to improve the resolutions in range X and
azimuth X,. This is called range compression and
azimuth compression, respectively.

X,=D/2 X, = c1/2sin® = c¢/2Bsin®

Therefore the SAR processor consists essentially of 2
correlators, one for range and one for azimuth.
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Processing

STAGES IN SAR IMAGE COMPRESSION

(a) Raw SAR data

Samples within echoes

(c) Part processed SAR data
Range binned

(e) SAR Image

signal Range cells ——
Individual o |
pulses Individual Azimuth |
pulses cells |
Echoes |
Echo when l 25
; containing |
SAR s at - - > | information T( Ry, ap)
azimuth ag \ Ve i about ag | 0 ao
/ \ II 1 !
Field within the SAR raw data \ h Ro Range compressed but A
containing information about 1 \  with information from a ]
the power reflected from i I single azimuth spread /
ground cell (R, ag) 1 ! \ through many pulses /
P S
Range-compress each || N N l/
echo individually \ A <« |

Chirp Replica
pulse

(b) Range compression process

Correlation scans across whole echo

Doppler phase history
for range
Ro

IN

»>

(d) Azimuth compression process

Correlation scans over sequence of echc;es
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Processing

Raw SAR data

700 aoo 300 1000 1100 1200 1300
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Range compressed data

Dipartimento di Elettronica — PoliMi

Range + azimuth
compressed data
= SAR image




SAR imaging coordinate system

Platform

lluminated Area

g
~ Lines of
Equi-Doppler

Lines of

Equidistance

(b)
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The illuminated area can

be referenced to a coordinate
system of concentric circles
(equidistances) and coaxial
hyperbolas (equi-Doppler).
Each point in the image plane
can be uniquely identified by
its time delay and Doppler
shift.
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Image Formation and Doppler anomalies {<esa

APPROACH: SAR Imaging of Roughness and Doppler Shift

Antenna

0,(9) = o, (surface roughness) =

Azimuth
O,(wind, waves, breaking, current
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Doppler Centroid Anomaly &:esa

B C
\ Azimuth position
\ 59 (satellite travel
\\ af direction)
b | /'
\\ ’Il
\ ! f Dca f Dc f Dp
) | .
|

/. - estimated Doppler centroid
frequency shift
/1, -predicted Doppler shift

Power

Chapron et al. (2003, 2005)
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gerseland Hansen
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Envisat ASAR scene off the South African coast

14 September 2010, 21:15 UTC
Doppler centroid

Observed Predicted anomaly
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Azimuth Bias Correction \=esa

Before correction

o 1 |
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Range Bias Correction &

60

Amazon — 21-Jan-2010 || Measurements over
Greenland - 28-Jan-2010 land. where the

- N V4
’ Doppler shift should be

j?li | zero

§ Ideal antenna pointing

Range bias [HZz]

14 18 20 24

Inudence angle, q[degrees]

gerseland Hansen
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Range Bias Correction “esa

Before correction After correction
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Retrieval Accuracy

Af =5 Hz 100
aAf
AV =|———— 80 1
k. sin6
@ |
= 60
S
LLl
= 40 -
o 24.5 cm/s
- |

0
10 15 20 25 30 35 40 45

Incidence angle, g|[degrees]

ereeland Hansen

2 3¢d ESAADVANCED TRAINING ON OCEAN REMOTE SENSIN
23-27 September 2013 | NMCT | Cork, Ireland




\\\\\\

SAR backscatter and Doppler shift anomaly{sesa

The ocean surface roughness is the sources of the SAR
backscatter.

The SAR therefore sense the near surface wind and waves,
currents, surface slicks and sea ice.

The SAR is also registering the Doppler centroid anomaly.

The challenge is to convert and partition the SAR
backscatter signal and Doppler centroid anomaly reliable
estimate of wind, waves and current.

.:";,.4 = A o
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Outlook d:esa

il {] * Sentinel-1A will be
launched in early 2014

* The range Doppler shift is
planned to become a
standard product, with

— Significantly better
accuracies

— Improved capability to
monitor the temporal and
spatial variability of the
ocean surface circulation
from SAR

» 37 ESAADVANCED TRAINING ON OCEAN REMOTE“S.:;'7‘ e erze
23-27 September 2013 | NMCI | Cork, Ireland



