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1. SAR system
description

M.S. UELZHELER

SAR imaging (1)

History

1950s : Airborne SAR was developed in USA,

1978, Seasat : L-SAR, digital,

1980s,1990s : USA, EC, Japan, Russia launched SARs
2000s:ENVISAT, ALOSwerelaunched, and RADARSAT-2,
TERRA-SARX, etc,,,

Feature (Advantages)

*High resolution Imaging by a two dimensional correlation
(several meter)

*Detection of amplitude and phase

*Operablein night/day, weather conditions

*Disadvantages

*Speckle noise

*For eshortening, layover, shadowing

oI nterference from the ground radar
«Saturation, AGC/STC, antenna pattern error




JERS-1 SAR
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ALOS Satellite System

Star Tracker

PALSAR

Velocity ‘/l

Nadir

Data Relay
Antenna

PRISM

Launch Date
Launch Vehicle
Spacecraft Mass

Generated
Elec. Power

Orbit

Altitude

Repeat Cycle
(Sub-Cycle)

: Panchromatic Remote-sensing

Instrument for Stereo Mapping

AVNIR-2: Advanced Visible and Near Infrared Radio

Jan. 24 2006
H-11A
about 4,000kg

about 7kW
at EOL

Sun Synchronous

691.65km
46 days

r t)?pe 2

PALSAR: Phased Array type L-band Synthetic Aperture Radar




2.SAR Imaging

STRIP mode

Signal reception by a radar

RADAR:

Radio Detection and Ranging

transmit
receive

intermediate

Chirp signal case

antenna

Importance: R
IS remained.

2
f-f = exp{anfO(ﬂ) + ZEjE(t—E) }
C 2 C




T azimuthtiy'
. - W osatellite spes
SA R Im ag N g Antenna length L /

High resolution imaging ) v
range :FM modulation KD =ft3g !
Azimuth:Doppler modulation

lonospher

Bw L

JERS-1 15M  12m

PALSAR 28M  9m /
PALSAR 14M  9m §
Pi-SAR 50M 1.6m

sinc[ZﬂB”((Ff_ RO)]sinc{zn(

SR x)5AR X

h—

Correlation
Response due to mismatching
Formulation . Impulse response
T/2 - 1:81
. — * + . - 160 H—o— 1.02
ot) = J RICINCESLIEN. / ﬂvn{\\
= bl i,
. R AL
Transmitted wave S 130 |} V

f(t): H(tz__/tzo)exp{m((t—to)z} 00 25 30 I35”F;ii2|m45| 50 55 60

1 D response




2 X 1 D correlation processing

Simulated
data

Actual
data

raw data

processed SIGMA-SAR
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BE B1E (PALSAR)

1.5 dB(ext. layover)

Products Accuracy Goal Validation method
Standard Products | Geometry 100 m CR, ARC’s location
1.0 Radiometry 1.5 dB (abs.) Validation CR, ARC
11 1.0 dB (relative) Amazon
1.5 5° (phase)
High level geometry 50 m (horizon) CR,ARC’s location
Ortho rectified | Radiometry 30 m (vertical)
DEM

GCP,DEM
Validation CR,ARC

Research Product
Deformation
Forest map
Soil moisture

Snow map
Biomass
Sea Ice

Geometry 100 m
Radiometry 1.5dB
smm

Landsat images
Amazon images
GPS'’s positions

Lo

J—AHIEHLUAZVSAREE (JERS1) DEE&IZT S ABHT S,

\\\\\\

TORABHEMEDAEL LT, EUAEZRELL,

HUAETIE, EARY TS —ELLTKRDEMREDRY TS5 —, EDE
EPET—IDPOKD DB,

{LEZE%ADEM, fir

JERS-1DEE. ETIWLUTESH 2 0 0Om7 S RAARBH L. FOHES N

C: W A

CCTHERNGT DR ABBHEREERELE.

/2. ALOSO#EFRZ AWV MBEHRE LTV, JERS1ICHER+TRI(C

BORABESRAD S L EHRALE,

M.S. YEE U RELTS




BE{RDEBEEBRDRZA

1) AUk Y
2) TSR Y
3) A I—KFEE
4)A ILYVEE

5) ) Bt 48 IE [E {8

M.S. UELZHELER

27

BE-BELSI-EVRILDOERAE

M.S. YEE U RELTS

28




PALSARE{ZNDEEREDFHE AL (RICEE.

lat = iiqj (line—line, )"’ (pixel — pixel )" +1at,
i=0 j=0

lon = iib,,j (line—1line, )"’ (pixel — pixel, )" +1lon,
i=0 j=0

pixel = 4024:;0,11. (lon—1lon, )" (1at - lat, )" + pixel,

i=0 j=

line= iidi,j (lon—1lon, )" (1at - lat,)*" +line,

i=0 j=0

facter _m[isl+ j +i-5]

N

RSN Y

b,; = facter _m[is2+ j +i-5]
;i = facter _m[is3+ j +i-5]
i = facter _misd+ | +i-bb verrimerns 29
BMBIET—FLa—F11 (5/6)
<A kNo. AT A A (BERCRESE) ® =
1025-2024 50£20.10 | 27 (P) « 54 (D ZBE(S) - BE(LICERT S \
SR EHADOFYK
¢ = al'P* + a,lP* + a,LP'+ a,Lp*+ ap
P+ a, L+ alp + ap’
pl7PF 4 a2, LP? + a,p°
P+ aplP + aP B Lo sEa(p) -
-+ 74 (DA LT,
(P, %
A = bll'P 4 biL'P' + boLP' + bolP" + b > P=p-Po, L=1-Lo
bl 'P? + b L'P 4 b, L7 + belP? + b’ LLT, RKIcRAT A,
+ byl'P? + by LP + bpl?P? + bylP? + by P?
bisl'P ¢ buelP + byl’P + bialP + bysP X T, ELEFE
bl + byl® + bypl? + bal + by DO E
(ay,, a,, a,, +++, 3, KUb,, b, by, -+-, by DUEIZHA) (p, D=(0, 0
L35, £, (6, 2)D
2025-2044 E20.10 EHRE 71 (Po) Bz () Tho,
20452064 | E20.10 | A5 A4 > (Lo) J ]




BMBIET—2L3—F11 (6/6)

s34 kNo. AT A A (B#ERUREAEE) B =
2065-3064 50E20.10 | @@ (@) - BE(A)ZE27EA(p) « 74 »(DITERT S
SR B HADOFE
P o= A AR ATR AR 0"
oA AR AT A DT+
A DT o AT+ ATDT 4 A DT 0 @F
£ e A'D + CpARD +CpATD + CgAD ¢ Cpd EQ EOBE(Y) - BE
£ CpAt+ CuA?+ CpA?+ CaA + Oy (AT, (@, A%
O=6-®o (FE)
I = doA"®"+ diA"D" + GATD' s hAD' + dd” A=2-Ao (B)
A AT dATDT 4 G ATDT E dg A DT+ dyd? LLT, KiTRAT S,
AT+ dp AT+ dp ATDT 4 dp A DT 4 dy @F
£ disA'D + digA D + dpATD + disAD 4 digd —OXT, ELEE
tdnAt+ du AT+ dpA®+ dpA + dy DFH
(Cos Cyy €y *o0y Culk Ty, d), dy, -+, dyDNRIZHH) (p, D=(0, O)
ET5,
3065-3084 E20.10 FABE (Do) [E)
3085-3104 E20.10 FAEE(A0) ]
3105-5000 CH T30

3-84

Who. J W L IsR= ILAP IS

v

PALSAR Calibration

M.S. YEEUIRELTS

32




[
o

PSLR {dB)

Calibraticn Factors

FBS/FBD Evaluation Results
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Geometric calibration using the CRs
Mode and time dependency over last three years

0.05 , 0.05
e ds(FBS215) _ e ds(FBS215 = 0.
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Summary of the PALSAR CALVAL results
Table 6 PALSAR Calibration Accuracy+«
Items< Measured values< No. of Data« Specification<|e
geometric, 9.7m(RMS): STRIP mode« 572« 100me o
accuracy+ 70m(RMS): SCANSAR~ o
radiometric | 0.219 dB(I sigma) from Amazon forest ¢ 1.5dB¢ o
accuracy+ 0.76 dB (1 sigma) from CRs¢ 572« 1.5dB¢

0.17 dB (Isigma: Sweden CRs)+ 16« 1.5dB+¢

-34 dB (Noise equivalent Sigma-zero for HV)« -23 dB#

-32 dB (as a minimum of FBD-HH)«

-29 dB (as a minimum of FBS-HIH)«
Polarimetric | VV/HH ratio « 1.013 (0.062)*« 81« 0.2 dB¢ o
calibratione | VV/HH phase diff¢ 0.612deg(2.66)*+ 5 deg.¢

Crosstalke -31.7 (4.3)¢ -30 dB«
reselutions | azimuthe 4.49 m (0.1) *« 572« 4.5me¢ o

range (14MHz)« 9.6m(0.1m) *« 10.7m«

range (28MHz)« 4.7m(0.1m)*« 5.4m¢
Side lobe« PSLR in azimuth+ -16.6dB« 572« -10dB«~ o

PSLR in range« -12.6 dB+ -10dB+

ISLR«¢ -8.6 dB« -8dB«
Ambiguity¢ | Azimuth« not appeared+ o 16dB« o

Range+ 23 dB¢ 16 dB¢
Transmission| Sum of 80 TRM« 2220We¢ o 2000W« o
power<

&

Note: A (B)* represents an average value of A and a standard deviation of (B). PSLR is Peak-to-Side-Lobe Ra
ISLR is Integrated Side-Lobe Ratio.+
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Ortho Rectification and slope correction

Purpose:

1)correct the foreshortening and azimuth shift to co-register
with the map information

2) Additional slope correction reduces the area dependence of
the scattering coefficient mainly.

Geo error (ortho) > Geo error (slant)
Error Distance (11.925m, RMS) " Error Distance (8.244 m, RMS)
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Correction of the local incidence dependence

0
0= 9% .SCF

cosB
SCF = IACF - LICF

JACF = %Y

sin @

IACF: lllumination area correction factor
LICF:Local Incidence angle Factor ~0
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