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Advantage of microwave over optical systems

Active and passive microwave remote sensing

Sensitivity of return signal to sensor and target parameters
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Remote Sensing is a method of acquiring information about the properties of an object or phenomenon from
a distance

Three main categories of remote sensing platforms:

1. Ground-based

2. Airborne-based

3. Spaceborne-based
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Range of remote sensing includes:

Water resources

Soil mapping and degradation

g = ]
l\ 8 *

May 31,2003

Agriculture

May 17,2003

Crop disease monitoring

Forestry . - E— . - Strength of the vegetation
Land cover/land use mapping
Monitoring of land cover/land use changes

Natural or human-made disaster management

Flood mapping

Urban studies —— 4
Landslide monitoring
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Coastal studies
Oceanography

Climatology

And so on

Volcano monitoring

LOS (cm) o

o

Absorbing Aerosol Index
(Sentinel 5) [
o g -

R | — . ® wndsoeed ims )
Dust storm Wind speed on ocean surface

Oil pollution monitoring Earthquake Analysis
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Two categories of imaging sensors in remote sensing:

Stellite

1. Passive sensors Sun (Source) , ,
; - (Sensor System)

2. Active sensors , <

Land
Features

Stellite (Source and (Object)

Remote sensing using passive sensor system

Land
Features
(Object)

md Ground Station

Remote sensing using active sensor system




y \ ’ Electromagnetic Wave

The most important characteristics of an electromagnetic wave:

v" Wavelength (Frequency)

v' Amplitude
v" Phase
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v' Wavelength (Frequency)
v' Amplitude

The most important characteristics of an electromagnetic wave:
\—//\ /\ g:}?esrince

In phase == = Constructive
/\ \/ interference

\/ 180° out interference C

/\"' of phase —
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VNIR (visible and near-infrared)
|

Ultraviolet (UV) Visible (V) Infrared (IR) Microwave Radiowave

| | | | |
| 1 | || |} | N |
400 nm

'l— F_\/l_l

Blue band Red band Thermal IR bands Cband | P band

750 nm 1mm
|
|
|

Wavelength
(not to scale)

Near-IR band

X ba
Multispectral SRS Radar SRS

Use in SRS
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\
Sensor Optical Sensor System
Reflected
Solar Radiation
Wavelength Visible -
Region Reflective infrared ol ol
/
V. # ’ o
N O — W o Bwesol Paved  puitup Area
Source Sun Object Detector
==
Electronics
Object Reflectance Thermal radiation |m:r99
(temperature, emissivity) B
Electro- Lens ala
magneti Visible Reflective infrared - Thermal infrared
c
e 0.4 ym 0.7 um 30um 10 pum 1 mm ég‘
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Sensor RADAR S)fstoﬂ'l
Wavelength Microwave
Region
| object radar
Source Transmitted by
Remote sensing
System
Object ) )
microwave backscattering
radiation  coefficient
Electro-
magneti Microwave

C
Spectum 1 mm

Types of Remote Sensing

B F

Passive microwave

Sensor

Atmosphere

Vegetation

Soil

Active microwave




Advantages of Radar e tld
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v" Day or night imaging

v' All weather imaging X \* )
LRVANS
v' Sensitivity to factors such as roughness and moisture Vi
‘ : R

Detection of internal waves

i b L T Y

RS-1 SAR  9:59 AM Landsat—5 9:14 AM

i E

il spill detection
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v' Sensitivity to the geometrical structure of the earth’s surface

v' Penetration through vegetation and soil s 10Km

X-band C-band L-band
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A VAR Dry alluviums
‘ Soil
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Soil moisture

Sea surface temperature

Latitude

Surface wind speed

Atmospheric water vapor

— T T T T
2010-07 201101 2011-07 2012-01 2012-07
Time

Soil moisture

Sea/lake ice extent, concentration and type

Wind speed over the ocean

Atmospheric water vapor over the ocean

Sea surface temperature over the ocean
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Non-Imaging Ve

v Altimeter

v Electromagnetic frequency between 13.5 and 14 GHz (Ku-band) ET
i

v Nadir-looking pulse radars | Dt =

v Determination of the distance from the satellite to a target surface by:

_2h
€o

~ Measuring the round trip time delay to a target A

v Used on:

v Aircraft for altitude determination

v Aircraft and Satellites for topographic mapping

v Sea surface height measurements
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Non-Imaging

v' Altimeter

v' Nadir-looking pulse radars

v Return signal’s amplitude

footprint

v Measurement of wave height over the ocean e
: n:
v Return signal’s waveform s, 300
E - 9 50
" 30
v Measurement of wave speed over the ocean fy - n k :_i"
|l '
v Envisat el "
1
v/ ERS-1-2 g il;
v Jason-1,Jason-2 | ilJ' ;
s T ~ e
/TOPEX - m‘a‘m Sp;r‘.d (mli? 25
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Non-Imaglng Data from Satellite/Instruments: Advanced Scatterometer (ASCAT METOP-C)
Additional Products Year Month Day
v Scatterometer [NOAA wind vectors 10x15 (26 v] (2022 v] [5_v] [3 v] () clobalisonsos-18oE10w)

Ascending Pass

v Measures the scattering of radar energy by a target
v Used to derive both the:
v Wind speed over the sea

v Direction of the Wind

ASCAT—C 25KM NO&& Winds May 3 O7:14 UTC 2022 | T W S
b ascending D 5 10 15 20 25 30 35 40 45 >5D(knots)
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: Ku-band
AMI (ERS-2) : WO e R
NSCAT (ADEOS-1 / Midori) i Bi55 1 L5
| bl ; BURY S
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OSCAT (Oceansat-2) 7 f
RapidScat (ISS) N
| SWIM & SCAT (CFOSat) : ,,q/\p
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Non-Imaging
v’ Scatterometer
v Backscatter depends on:

v Surface roughness

v Incidence angle of the incoming microwave

Backscatter modulation by surface roughness

10 100 100
Wind Speed [m/s]

Backscatter as a function of wind speed and incidence angle
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Imaging

v" Radio detection and Ranging (Radar)

v Time delay between the transmitted and backscattered signal

v Discrimination between different targets

v Strength of the backscattered signal

v Determination the distance to the target o [ TR range

' . . T=—_(transmitted) \‘mj
v Two types of imaging radars: s Y A
(r:lfe:::t)ter \\> \\.\ lﬁ T Object
v' Real Aperture Radar (RAR) U AV AST R
\\_‘ ! 1 1

v Synthetic Aperture Radar (SAR)
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Radar backscattering behavior depends upon the:

v’ Sensor parameters: v' Target parameters:

o

v Frequency v Roughness

v Dielectric constant

v Incidence angle X-BAND 3 cm C-BAND 6 (m

v Polarization

v Geometry

v Acquisition mode ™ Moderately rough

L-BAND 24 (m P-BAND 65 cm

Penetration into the canopy at different wavelengths

Very rough

Reflection from surfaces with different roughness
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) I/\/\/\ Frequency band| Wavelength (cm)| Frequency (GHz)
<> Ka 0.8-1.1 40 -26.5
} K 1.1-1.7 26.5-18
")r\/\/\/\/\ Ku 1.7-2.4 18 -12.5
< 2 > X 2.4-3.8 12.5-8
C 3.8-7.5 8 -4
m)l/\\/\ S 75415 4 -2
i L 15-30 2 -1
P 30 -100 1-0.3
C=3.10 m

A =wavelength in m
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{,\l,,, Incidence Angle

surface | vertical
| | vertica
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Polarization refers to the orientation of the electric field of the EM wave

v Three basic types of polarization:

v" Linear

v" Circular

v" Elliptical

Linear 45 degree polarization Vertical polarization

o
Propagation direction of electric field

Elliptical polarization

Horizontal polarization




Polarization in Radar System

Radar systems using H and V linear polarizations can have the following channels:

\/ HH radar antenna

transmits honizontally
HH polarized energy )
toward the carth horizontal

v' VH

—> Co-Polarized

horizontal
horizontal filter
receive  a - g

—> Cross-Polarized

radar antenna
transmits vertically

polanzed energy \'trtu:lal
“ ‘ toward the carth send
Z. > >

vertical
vertical filter
TeCCIVE  -f—

backscattered vertically
polanzed energy from carth
is received by the antenna
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v" Single polarized — HH or VV or HV or VH
v" Dual polarized — HH and HV, VV and VH, or HH and VV
v' Four polarizations (Polarimetric) — HH, VV, HV, and VH

HORIZONTAL | C=Crown T = Trunk

N g g

+ 4+

l
Il |I cl < 20 km _
— 1 HV HH Vv

Sea Ice

Radar
Scattering
Intensity




Acquisition Modes

Flight Direction
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Sentinel — 1A & 1B operate in four acquisition modes: e

v' Stripmap
v’ Interferometric Wide (IW) Swath
v Extra Wide (EW) Swath

Sub-Satellite Track

Orbit Height
~700 km

\‘c ,,,,,,

1 A .ﬁ $4e8
i \ il S '\ '
) o A PRI 4
W \ Sy /A .u' o Wy Interferometric Wide Swath

% B \ ol A Mode

o - s 1)/ /-\l 2 l:

" /] A AL /

il s
] A

: / ///ﬂ "/// /
{- - a it
A "‘““m\\\\\\\ \\\\\X\W\\\\\\\\W

~ |MODE / POLARISATION A SMmode / dual-polarisation * Calibration Ste

+ | v mode / dual polarisation SM mode / single-polarisation Mdﬂm-rm?(

0 A
.- LY 5
W ; g’ BN AR 0 i o B . =
/ A _‘l_ e "‘ . M "f.' X Ny . 5 \ . =
i :' ‘” 2 '};’ il o , i : : \ Extra Wide Swath
M A Yy ' Pl ‘ i ’__:ft’ fy ' oty . ri
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Sentinel — 1A & 1B operate in four acquisition modes:

e

i-l;ght Direction

v' Stripmap

v Swath width : 80 km

Spacecraft
Height
. ~700 K

v Resolution : 5m S m rookm

v' Polarization options:

v Dual: HH+HV, VV+VH
v Single: HH, VV

, . interferometric o cwath
v Incidence angle : 18.3 — 46.8 degree Sk SR Mode
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Sentinel — 1A & 1B operate in four acquisition modes:

v' Interferometric Wide (IW) Swath

v' Swath width : 250 km

TOPSAR sub-swath acquisition

v Resolution : 5m 20 m

v" Polarization options:

v Dual: HH+HV, VV+VH
v Single: HH, VV

v" Incidence angle : 29.1 — 46.0 degree

IW bursts and sub-swaths
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Sentinel — 1A & 1B operate in four acquisition modes:

v' Extra Wide (EW) Swath
v Swath width : 410 km
v Resolution : 20m 40 m
v' Polarization options:

v Dual: HH+HV, VV+VH
v Single: HH, VV

v Incidence angle : 18.9 — 47.0 degree
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Sentinel — 1A & 1B operate in four acquisition modes:

v' Wave
v Vignette ground coverage : 20 km x20 km
v Resolution : 5Sm =5 m
v Polarization options:
v Single: HH, VV

v" Incidence angle ranges :

v 21.6 —25.1 degree
v 34.8 —38.0 degree

T |
s ey f
I': ..-:: ]
L, I.-.
5
1
1
)
5
.




Acquisition Modes
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Acquisition segments archive:

Q\\ W
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https://sentinel.esa.int/web/sentinel/missions/sentinel-1/observation-scenario/acquisition-segments/archive

2022-04-19T16:38:07
2022-05-01705:52:49 [satelitela J
I Datatakeld |
[satetitel [s1A Mode ;
Datatakeld 52282 Swath ]
Mode |[SM™ | p = L =\ Polarisation |
|
Swath [[s8 ObsenvationTimeStart ?gﬁecga o7
Polarisation DV i - d
| \ 2022-04-
.05 = = s - \ (ObservationTimeStop|
ObsenvationTimeStart 33%5022 . ¥ A vt e "MeSIOPll16T16:50:16)
] 3 ; <, K . ObservationDuration |[728
ObservationTimeStop| 2332'05‘ 4 | : CrbitAbs olue ||42845
||01T05:53:19 2022-04-25T02:57:44 ; ' OroiRelative
ObservationDuration ||30 J W e N i\ \
Omitavsolute  |[43013 | [Eataltie/ Jea \ \
OrbitRelative |3 ! Dalataveid ‘.[51FBC 7 » \ \ !
- ; [Mods. IEW | -

Swath |[NA

Polarisation DH

2022-04-
25T02:57.44)

2022-04-
25703:01:44]
|[observationDuration |[240
OrbitAbsolute ||42924
OrbitRelative |[152
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TerraSAR-X can operate in three resolution modes:

v" Spotlight
v' Stripmap
v' ScanSAR

High Resolution i
StripMap ScanSAR

SpotlLight

¢ Upto 1m ¢ Upto 3m ¢ Upto 18.5m
resolution resolution resolution
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Surface roughness

-

il
—+- << )
Smooth: no return Very Rough: very diffuse
o[ 9
|
|
2 |
> h Smooth s
L] 4
o Surface
=
Moderately Rough: moderately diffuse °3 N\ Moderately
g ™ (Rough
8 -10F
-
8
o ..
= - . Rough
K e
[
-20 |-
~
=3 ~
Slightly Rough: slightly diffuse =
-30 | | |
0 20 40 60

Incidence Angle 6, deg
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Surface roughness

X-Band (3 cm) L-Band (25 cm)

Reflected
Incident Wave (Specular)
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Moisture content

Wet soil

A = Irrigated field

B = Non-irrigated field

Flooded soil
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Surface geometry

<!
v" There are three types of radar interactions: 0
v Specular reflection \
J ey

v Double-bounce scattering

Specular reflection

v Diffuse scattering

Double bounce backscatter

Radarsat-2 image $

Diffuse scattering
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2 ./ Depression
\0 - An l

v LOOk angle & ' ge The normal to the

look e / depression angle koo"‘ . Earth’s ellipsoid

5 - o n i

v’ Depression angle angle '/ =90 - prcad

- 20° \ ngle

=30 \ incidence :
7 : » angle = 30° —

Incidence angle ang W Elipoog——
angle / b \ surface b s
= 60° [ \ nomal
flat surface ‘
\
b \ incidence
N = 10°
e o angle =10
\
_ \
grazing

angle

Side-looking radar system inclined surface




| fla

Ny 15
o

Directions
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v Azimuth direction

Radar Geometry

v Range (look) direction

T

a) row direction perpendicular
to radar look direction

™
__

b) row direction parallel to
radar look direction

FLIGHT DIRECTION 3

- AZAMUTH —

radar sensor
look direction

agricultural fields with
identical row crops

radar image

0" A "
Y sihacfia coe
- Jng’ﬂ,{,‘ﬁulzb




Radar Geometry
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Swath width
v Near range
v" Far range
far
range
|
|
30 Incidence Angle (degrees) 45

INCIDENCE ANGLE SMALL INCIDENCE ANGLE LARGE
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Radar Geometry
.\‘Q _ Slant Range
PR

Distance
v" Slant range T
v Ground range ? :
Ground Range

Slant-range Display
versus Ground-range Display

depression
angles, y

Yp

nadir [*—A—> [—B —

True Ground-range (distance) Display Plane




Radar Geometric Distortion

Geometric distortions in radar images including:
v" Foreshortening
v Layover
v Shadow

ol

slant range =

altitude

' 1 1
H l Ad i i '}
terrain ] i , i i
: ' : ! : : ; ,
) H || ! : ll : " :w.‘ 4 oy A e )
(N 1 L i 8 1 L8 . ' i oo et U B SN
ground range 1 3 4 S 6 7 a C-band ERS-1 b L-band JERS-  look direction
Foreshortening  Layover Shadow depression angle 67° depression angle 51°

incident angle 23° incident angle 39°
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Geometric distortions in radar images including:

v" Foreshortening

v’ Layover

v' Shadow

P e e e o e e e e e

Erergy
-direction

~y L-band SIR-C (HH) ook direction
July 20, 1995 v




Radar Resolutions

In a radar image, spatial resolution is computed in two directions:
v Range

v Slant range resolution

v Ground range resolution
v Azimuth

Ed — Depression angle

Front of return wave from B )' Q/B
(overlaps retum from A) pL

Look angle

Ground R

TH'I'IgtT S7
resolution —-| 2

T cT
A R,

Slant range resolution

Y

i Antenna

depression angles (y)
of 40" and 65

pulse length (1)
=0.1 x 10-6 sec

distance between
towers 1 & 2, and
between towers 3 & 4
=30m

[e——— |—>]
Ry=1958m

t.c/2

Alutude Above-Ground-Level, H




In a radar image, spatial resolution is computed in two directions:

v Range

v Slant range resolution

v Ground range resolution
v Azimuth

Radar Resolutions e tld

A . wave length

oy A D ! aperture
antenna beam wi g D R [ distance .
. --n--ﬂ-"'"'--.-" T
DI TR 1_{@“ AL ALs
I 2 B e
<— R —>] -
S R2 s 2
azimuth resolution . AL=gR= ADR

/( Antenna
depression
angles (y)
\Y
T
X
e
&
bl
p "l distance between
y tanks | and 2, and
between tanks 3 and 4

Alutude Above-Ground-lLevel, H

=200m

R“ at 40 km = 240 m

>
R, at20 km = 120 m .

7
7 near-
range

— =
* tanks 1 and 2 are resolved
 tanks 3 and 4 are not resolved

real aperture

radar beam width
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Imaging radar can be classified into:

v' Real aperture radar (RAR)

v' Synthetic aperture radar (SAR)

Synthetic antenna = ;-:I_
e — ‘_- il —

Real antenna

/'/-
- P o
LT 5
- ,’)‘/ !‘l
ot et
= g ) . /7
e I,/_/__ﬁ_\_cfoss track direction /' g
=2 o= S
,J\dl\ﬁm - Fite
i/
(s A8
[ e Tl
1.5

Synthetic beamwidth

Real beamwidth /

Hme o

b .
> ,éyﬁme ni
7 i IS 0"
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e angle,
prulse
length, Rampe
L
1.2 pulse

length resalution
-

e well

Azinnth

_;1} .............. | 1 resddubon -
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Most airborne and spaceborne radars employ this type of radar

- Historical Analysis Monitoring -

_
B =

L.

ERS-2 Sentinei-1b

European Space Agency (ESA): ERS-1, ERS-2, Envisat, Sentinel-1
Japan Aerospace Exploration Agency (JAXA): JERS-1, ALOS-1, ALOS-2

1

z
i
1

Canadian Space Agency (CSA): Radarsat-1, Radarsat-2, Radarsat constellation

Z
-'-{- | Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR): TerraSAR-X, TanDEM-X
-_ Indian Space Research Organization (ISRO): RISAT-1, NISAR (w/ NASA)
©
n— -— e B NISAR E Comision Nacional de Actividades Espaciales: SAOCOM
JERS R > 4 ; - y
sxm Italian Space Agency (ASI): COSMO-Skymed
Instituto National de Técnica Aeroespacial (INTA): PAZ
Cosmo-SkyMed Korea Areospace Research Institute (KARI): KOMPSat-5
P prosies T National Aeronautics and Space Administration (NASA): NISAR (w/ ISRO)
TerraSAR-X -]
mooex  [PA———— @
& x
-t —
KOMPSAT-S

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024




