ApYEC KaL EpapUoyEC Pavtap

K. KaptaAng kai X. ®eidag, ApxEc kal Epappoyéc ThAeTIKOTTNONG, EKOOOEIC
TQi6Aa.

N. XpuoouAdkng, THAETTIIZKOTIHZH, Evornta 10a: EikovoAnmTiké Pavtdp,
ITE, 2018.
https://earth.esa.int/web/quest/missions/esa-operational-eo-
missions/ers/instruments/sar/applications/radar-courses

https://eo4society.esa.int/resources/9th-esa-training-eo/



https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/ers/instruments/sar/applications/radar-courses
https://eo4society.esa.int/resources/9th-esa-training-eo/

Types of Remote Sensing Sensors

Spacebome sensors for Earth remotle active
sensing with electromagnetic waves P
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Spaceborne Radar Remote Sensing

Radar Altimeter

Measures surface topography (surface height)

Weather Radar

Moasures three-dimensional rainfall distribution

-

‘u'wu" -

et

i

Radar Scatterometer Synthetic Aperture Radar (SAR)

Measures surface backscattering (ses winds) Measures 2D surface backscattering




X-band, High Resolution Airborne SAR, F-SAR, Kaufbeuren, Germany
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TerraSAR-X, Las Vegas, USA (time series of 20 images)



APXH AEITOYPITAZ TOY RADAR

Ovouacia bpovg [leproyn cuyvotnTmV AvTioTOYEC TEP10YES
GLYVOTNTOV GHz INK®OV Kopatog (cm)
C 4-8 38-75
S 2-4 75-15
L 1-2 15-30
p 03-1 30 - 100
Ka 26.5-40 0.75-1.1
K 18 -255 1.1-1.67
Ku 125-18 1.7-24
X 8125 24-38

| P | L I S | C | X IKHIK{KaIQIV{WI
0.5 1 2 4 8 16 32 64 128 GHz




Eva ocuotnua pavtdp aroteAE(TAL QTTO TA TTOPAKATW UEPN:

1. M yevwwntpla mapaywync nNAEKTOLKWV TOAUWVY, N EVEPYELA TwV Omolwv
BplokeTaL oTnV MEPLOXI TUUWV ULKPOKUUATIKIC akTivoBoAlac/padlokuudtwv.

2. Evav eKTTOUITO NAEKTPLKWY TTOXAUWV.

3. Eva biakomtn duo kateuBuvoewy, mou eéuntnpetel oto va un ocuuBaAiouv ol
EKTIEUTIOUEVOL KL OL ETILOTPEPOVTEC NAEKTPLKOL maAuol (onuata).

4. Mwa kepaia, ueow tnc omoiac ot nAektpikol maAuol uetatpenovrar oe HM
KULLOTOL KOl EKTTEUTTOVTAL OTO XWPO, TTPOC oplouevn katevduvan. H kepaia ertiong
ouMauBaver kat HM kuuata mou ekneumouv, &€ avakAdoew, Oldgpopa
QVTIKEIUEVA OTO XYWPO.

5. Eva 6éktn mou AauBaveL Toug EMLOTPEPOVTEG NAEKTPLKOUC TIOAUOUC Kol UL
OUOKEUI Kataypapnc KaL YneLakrng arodnkeuong tTwv onUATwWY QUTWV.



TO UIKPOKUUOTIKO TUNUA TOU NAEKTPOUAYVNTIKOU (QACULATOC
rteptAauBavel unkn kouatoc ard Imm ewc 1m, ta onoia dev elval
QVTIANTTTA arto To avUpwWITLVO UATL.

Ol atoUntnpec twv 60pUPOPWV TTOU XPNOLUOTTOLOUV QUTA TA UNKN
KULQTOC UITOPOUV VA KATAYPAPOUV ETMIPAVELAKEC LOLOTNTEC TOU
yntvou rieptBaAdovroc ol ortoieg oyetilovtal kKuplwe LE:

VEWLETPLKO, XAPAKTNPLOTIKA (TOoroypagia, LoppoAoyia, toaxutnta
ToU £6apouc),

TNV MEPLEKTLKOTNTA O VEPO TNC BAdotnong kat tou e6apouc Kal tn
OLNAEKTPLKN) OUUITEPLPOPA TwWV UAIKWV (OXETI(ETAL UE TO TTOCOOTO
EVEPYELOC TIOU QVakAQtal O OXeon HE aUTO 1ou OLELOOUEL Kal
eaprarat o€ ueyado Baduo amo TO UNKOC KUUATOC TNG
aktivoBoAiac).



APXH AEITOYPITAZ TOY RADAR

v’ Ta XAPAKTNPIOTIKA Tou omioBookeda-
(ouevou ONUATOC TIOU KATAypd@el TO paAvTdp
géxouv TpomomroinBei KATd TN Olepyadcia TNG

omoBookédaonc/avdkAaong oTnv EmIQAvEId TNG

YnG¢ Kal  @épouv £TOl  TAnpogopia vyid Td

YEWUETPIKA Kal OINAEKTPIKA XAPAKTNPIOTIKA TNG.

& CCRS /1 CCT



o TTahpog —

v MeTpwvTag 10 XPOVO ETIOTPOPAC TOU TAAHOU HETA Thv
avdkAaon Tou, pmopei va kaBoploTei n améoTacn Twv OTOXWV
amo To pavrdp KAl KATd cuvéTreld n Béon Toug oTo XWpoO.

4 Me  ouvexn  kataypaen  kKar  emefepyacia  Tou
omoBookedalopevoy OAPATOC KATA Thv  Kivhon  Tou

dopupopou, ouvTiBetal pia 2D eikova Tng empaveidg ThG yng.
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Received

SNeT9Y  Echo 1

\

Echo 2

/

R+ AR Target1  Target 2
R .o g
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The targets are just resolved if the echoes are just
non-overlapping i.e. if they are separated by > 1

—> 24ARIc > ror AR > c1/2

Echo duration=1

*  time



& Resulting image line

Reflected signal strength




APXH AEITOYPITAZ TOY RADAR

/ Pulse direction

Look

Resulting image:
(ground range format)

/Terrain slopes steeper than these lines
will be imaged with layover

Weak return Shadow Shadow



Atenbuvan
UKTIVOPOoALDG

S

Tomoc
TS e A ——_a )

Asglo  Aoo®ENC Kaihépysieg OPEVOS Tpuyd  AcTiki
OYKOS  emOGVEW meploy]

Eikova
povVTap

Y@n Kal TOVIKOTNTA EIKOVAG pAVTAP ATTO
ETTIPAVEIEG OIAPOPETIKOU TUTTOU



Radar Measurement Principle

| Range distance r, |

c, (velocity of light)

* Received echo signal (back-scattered signal of imaged object):

2.r,
c

_ IIrllr 1“! [ (tima)

transmit receive

Total time delay =




OPIZMOT

v o kdBeTo¢ dfovac atn d1eUBuvaon TG TPoXIAC Tou dopupodpou KaAciTal
gupog¢ (range) evy o mapdAAnAog oe auth dfovag ovoudletar alipoudio
(azimuth).

v' Twvia npoonTwaong (incidence angle) eivar n ywvia mou oxnuariCeTai
pHeTall TNC d€0UNC Kal TNC KABETNC aThv emipdveld Tou aToxou. AudveTal
HE TNV amopdkpuvon amoé 1o vadip.

v Mwvia karénTtevong (look angle) givar n ywvia pe Thv omoia PpAémer To
pavTdp Tn YAIvVh eTIPAveEld.

4 EUpoc pwtiopol (illumination range) eivar ywviaké eUpog Tng déopng
TTOU AVTIOTOIXEi g HETpA oTo £0AYoC.

v KekAigévn amoéotaon (slant range distance) eivar n amoéotaon Tng
TTAATPOPHAC ATtd TO OTOXO.

4 Edapikn améoraon (ground range distance) eivar n TpayudTikh

op1{6vTIa amooTaon oTo £€ddpoc amod To vadip oTo aTOXO.
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2 2 42
P.=F xGx 12><0'>< 12><Gi =P, Gﬂ:;o;l [Waltt]
AR AgR*  4r (47)° R
Py Transmit peak power at antenna input
G: Antenna gain = A_x4 7/ A2 o ” DIA
1/(47R%). Free-space spreading factor D: Target dimension
o:. Target radar cross-section [m?]
A Antenna effective area [m?]
T Frequency = number of oscillations per second (Hz)
C: Speed of light in vacuum [m/s]
A Wavelength = c¢/f

~

N
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ouxvoeTnta

ToAwaon

ywvia TpooTTTwong

TPaAXUTNTA ETIPAVEIAS
YEWUETPIKA HOPPRH ETTIPAVEIAC
OINAEKTPIKA 0TABepd emipdvelag



H ébinAektpikny oradepa (dielectric constant) evog uAikoUu auéavetal pe tnv
JIEPLEKTIKOTNTA TOU O VveEPO. Auvénon tnc OinAektpiknic otadepac onuaivel
rieploplouevn Oieiocdbuon ¢ aktivoBodiac oto umedawoc kar auvénon tou
OUVTEAEQTT) OTtLoU00KEDAONC, EMOUEVWE KL TNG LOXUOC TOU ONUATOC EMLOTPOPIIC.

[t auTo 10 AGYO OL EIKOVEC pavtap uropouv va aétortoindouv oto va ektiunel n
vypaolia tou eddpouc, n orola mapexel MTOAUTIUEC UOPOAOYIKEC Kol EOAPOAOYIKEC

TiAnpooplec.

Erti mA€ov, o€ énpa edapn, orou n dinAektpikn otavdepa eivat uikpr, n aktivoBoldia
pavtap uropei vo SlelodUoeL oe BATOC UEPIKWY UETPWV KalL VoL OWOEL TTANPOPOpPLeC
yLa tn doun tou vmedagouc.

2e vbdrwveg ualec n dinAektpikn otadepa eival ueydAn kat n dieiocdbuon tng¢ HM
aktivoBoAiac eivatl oAU uikpn.
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What does the Radar measure ?
* Radar reflectivity (backscattered signal) of targets as a function of their position

* radar transmits a pulse
(travelling velocity is equal

% to velocity of light)

- some of the energy in the radar pulse is
reflected back towards the radar.

This is what the radar measures.

It is known as radar backscatter g,

(sigma nought or sigma zero).




What does the Radar measure ?

* Normalized radar cross-section (backscattering coefficient) is given by:

0, (dB) = 10. Log,, (energy ratio)

lsotroplc

whereby

scatterer

recelved enargy by the sensor
“anergy reflected in an isotropic way”

energy ratio =

The backscattered coefficient can be a positive number If there is a focusing of
backscattered energy towards the radar \\

or

The backscattered coefficient can be a negative number if there is a focusing of
backscattered energy way from the radar (e.g. smooth surface)



Backscattering Coefficient o,

+ Variation of &, as a function of incidence angle 8
20
16
10

—+—Land
s Seallce

Sigma0, &, (dB)
i

incidence angle, & (degree)
, " Dynamic range of received SAR signal Is usually greater than 50 dB



Backscattering Coefficient o,

Levels of Radar backscatter Typical scenario

* Very high backscatter (above -5 dB) Man-Made objects (urban)
Terrain Slopes towards radar
very rough surface
radar looking very steep

* High backscatter (-10 dB to 0 dB) rough surface
dense vegetation (forest)

* Moderate backscatter (-20 to -10 dB) medium level of vegetation

¢« agricultural crops

moderately rough surfaces

* Low backscatter (below -20 dB) smooth surface

calm water, road
very dry terrain (sand)




Antenna

Y

Depression angle

incident angle h<0.17 cm

L NI = Xal v 54
T

|&——— Altitude Above-Ground-Level, H ———. >\

a. Relatively smooth surface b. Intermediate surface
with little backscatter a roughness with moderate
specular reflector backscatter

h > 0.96 cmm

c. Rough surface with
diffuse backscatter

h =
0.17 o
Ljob Ccm



H toayutnta (roughness) tn¢ empavelac eival onUAVTIKOC
rapayovtac OlaUopPwWonc ToU ETMLOTPEPOVTOC ONUATOC. 2€ Ll
TOOXELD ETULQAVELA N TpooTtintouoa akTivoBoAia okedaletal o€
OAe¢ TIC OLeUVTUVOELC KOl ETIOTPEPEL WC EVA LOYUPO onua. Ma
Agla enipavela avakAa KatomTpika tnv aktivoBoAla o€ ula Uovo
dlevduvan, ondte bivel aolevec anua otic aAAec StevBuvoeLC.

H tpayvtnta uac enpavelac eéaptatal t1O00 QIO TO
TOTTOYPAPLKO avayAu@o, 000 KalL armO TO UNKOC KUUATOC Tn¢
aktivoBoAiac Tou pavrap.
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Radar resolution



v H XWPIKA  d1aKpITIKNA
IKAVOTNTA TNC dAWOOTAONG
kaBopileTal amo Tn OldpKeld

Tou TtaApou.

v H XWPIKA OIAKPITIKA 1KAveTNTAd TOU
alipouBiov  kaBopiletar amé TO  €UPOC
"pwTiopgoV” mou e€aptdTar amd TO YWVIAKO

vaoip ;

EYYOS
nEPLOM

gUpo¢ ThG 0€0uNnG Kai Thv KEKAILEVN attdéaTaon.
/ To eUpo¢ TnNC Ofoung civar avrtioTpoOPWE
\ a

avdAoyo Tou UAKOUC TNG Kepaiag Tou pavrdp

o
TEPLOYM



Range Resolution

Targets

Will display as two Will display as
different Targets Single target




APXH AEITOYPITAZ TOY RADAR

F- Antenna

40° < depression angles (7)
of 40° and 65°

pulse length (7)
65° =0.1 x 10-6 sec

distance between
towers 1 & 2, and
between towers 3 & 4

Altitude Above-Ground-Level, H

=30m
towers
] and 2 towers 3 and 4
are not are resolved
resolved l
1 2 3 4
| ———] -y

R,=355m R,=19.58 m



APXH AEITOYPITAZ TOY RADAR
/( Antenna

depression
angles (y)

<
@33
6\\}('0 .‘\\OQ v
: S
R 04 W, -
— . 7 distance between
a -
SIN 7/ L N 4 tanks 1 and 2, and

between tanks 3 and 4
=200 m

H=8km,A=24cm, =4 m

, "\ R at40km=240m
Katy = 30 LOIPES - a

Altitude Above-Ground-Level, H

Tote Ra=550m

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

f

real aperture
radar beam width



SAR

v To SAR ouvBire EIKOVIKA Kepaia peydAou HAKOUG o€
oxéon He TV TPAyHaATiKA, aflomoiwvTag Thv Kivhon Tng
mAaTeoépuag Kair To @aivopevo Doppler, xpnoipomoiwvrag
c1dIké¢  diadikaoie¢ Kataypdgng Kai emefepyaciac  Tou

omoOookedalopevou oNUATOC.
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Epop)

nw
TEPLoYM




SAR

) w time n
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4
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1/2 pulse
length
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SAR Main Properties and Applications

» high resolution capability (independent of flight altitude)

« weather independence by selecting proper frequency range

« day/night imaging capabllity due to own illumination

- complementary to optical systems

« polarization signature can be exploited (physical structure, dielectric constant)
» Innumerous applications areas:

* Topography (DEM generation with interferometry)

« Oceanography (wave spectra, wind speed, ocean currents)

« Glaciology (snow wetness, snow water equivalent, glacier monitoring)
« Agriculture (crop classification and monitoring, soil moisture)

« Geology (terrain discrimination, subsurface imaging)

* Forestry (forest height, biomass, deforestation)

* Moving Target Indication (MTI)

* Volcano and earthquake monitoring (differential interferometry)

* Environment monitoring (oil spills, flooding, urban growth, global change)
* Military surveillance and reconnaissance (strategic policy, tactical assessment)



