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Amplitude Phase (orbit and

image (hh terrain corrected  ©ONe €xample of lower latitude case in Brazil
polarization) phase) o _
2006/11/05 .—— Direction of the line

20060920-20061105:RSP072:Brazil
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Siberia Area no.1

Four corner lat/lon

71.15N,67.14E 71.32N,69.28E
68.61N,69.00E 68.77N,70.90K

RSP: 516

Date:  2009/02/14(Master) W1118562001-01
2008/12/30(Slave)  W1072516001-07

Bperp : 1550.9m

FBS343H - FBS343H

Ascending

Master image(sar.p_m)
coherence(sar.corr)
DInSAR(sar.ddtma)



Siberia 2

4 corner lat/lon
7T1.21IN 67.62E 71.38N 69.77EK
68.67N 69.49E 68.83N 71.39E

RSP: 515

Date:  2009/01/28(Master) W1101515002-09
2008/10/28(Slave)  W1009515001-03

Bperp: 1937.2m

FBS343H - FBS343H

Ascending

Master(sar.p_m)
coherence(sar.corr)

DinSAR(sar.ddtma)



1. Disturbance at higher latitudes

drea

Area segments | Totals Ratio( |Streaks in
segments | %)

Siberia (546 S (273) | 1274 S 42.9% | Coherence
(637) phase

Alaska |338 S (169) | 2025 16.7% | Coherence and
S(1012.5) phase

2. Streaks at lower latitudes

Area strips Totals Ratio( |Streaks in
strips %)

Equato | 1490 64500 2.5% | Coherence

rial phase
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Location shift

TID or low Noise in phase or
frequency small azimuth
component in shift

INSAR phase

Polarimetry

Polarization
Independency,
Amplitude-
phase

Polarization
independency,
Phase only

Fourier
Correction-
amplitude —
not for location

Model-based
method
Co-registration
method
Split-widow
method
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n: BT 3 (Refractive Index):

. Ne’
me,w’

1 1
n=1- —f—N( +n == COS 9) - —f—N +....(Appleton — Hartree equation)
260 A 8 fo
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1. RISVAMNIZKSEMN WK EEEELTECHR KR
(Zhh Zhv\;Al 4/’”[1 ds{cosw sinW)
Zy, Z,) r a, fo\-sinW cos W/
{Shh Sp { cosW  sinW\( 1 )
S, ] sinW COSW) ad f ]

where Z; is the measurement matrix, i is the transmission polarization, j is the
reception polarization, A is the amplitude, r is the slant range, Sij is the true
scattering matrix of the target, f, is the channel imbalance of the transmission
distortion matrix, f, is that for the reception matrix, ™, (™) are the cross talks of

transmission, and ™, (™,) are the those for the reception. Here, noise is ignored.

REFIHFEME—FT—RIFEZEH

e  Solutions are obtained by using Quegan’s
method and assuming Q =0




Faraday RotationM§t &

FEIZETFHE
(Zhh Zhv [cosW sinW) S, Shv\ cosW  sin\W)
Z, 7, T\ sinW COSW] S ] sinW  cosWJ
1 A
) S =Sy, Wzltan'l[zhv Zyj =~ Freeman etal. ??
2 Zm+Z,,)

2) W:EAr AT xZ;L> (ZLL ZLR\;:(]- jlzhh Zhvil j\;
4 Zo Zee) G UAZ, Z,Aj U

3) <Shv ><SZV> _ <Svh ><S:h> a- <(Z,W +Z,)AZy, +ZW)*>+<(Zhv +Z,) AL +ZW)>

b= <Zhv XZZV - Ly, XZ:h>

W, = tan'l{g(l- tan4W0) - tan?’Wo}

a xtanV\<1+ tan 2V\/) - b(l- tan 4\/\/) =0 W, = mn-l(ﬁ}
a



Faraday Rotation Angel (model)

W= £ B xcos y xsecqy XTEC
I :

where K=2.365x10%in Sl units, f is the transmission frequency (Hz),
TEC is the total electron contents (m3/m?), B is the geomagnetic
flux density (Tesla), v Is the angle between the geomagnetic field
vector and the radar line-of-sight (radian), 6, the incidence angle,
and the over-bars indicate averaging.



Faraday Rotation (degrees)

‘ Faraday Rotation I

— TEC(TECU)

3 | ! | ! | 20
Oct. 21 2006 Amazon
15
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2 b 4 10
! —
9.1 TECUJGPS
15 | | | . | 5
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incidence angle (degrees)
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F.A review of ionospheric effects in low-frequency SAR — Signals, correction methods, and performance reqguirements

Geoscience and Remote Sensing Symposium (IGARSS), 2010 IEEE International
Niaital NKhiant IAAnt I Ar- 10 1100Q/IANDCO DN1N ECEADEQ



http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5654258&contentType=Conference+Publications&pageNumber=3&searchField=Search_All&queryText=Mayer+Franz,+ionosphere+SAR
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5654258&contentType=Conference+Publications&pageNumber=3&searchField=Search_All&queryText=Mayer+Franz,+ionosphere+SAR
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5654258&contentType=Conference+Publications&pageNumber=3&searchField=Search_All&queryText=Mayer+Franz,+ionosphere+SAR
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5654258&contentType=Conference+Publications&pageNumber=3&searchField=Search_All&queryText=Mayer+Franz,+ionosphere+SAR
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5654258&contentType=Conference+Publications&pageNumber=3&searchField=Search_All&queryText=Mayer+Franz,+ionosphere+SAR
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5654258&contentType=Conference+Publications&pageNumber=3&searchField=Search_All&queryText=Mayer+Franz,+ionosphere+SAR
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5639672
http://dx.doi.org/10.1109/IGARSS.2010.5654258

Causes for the stripes
Scintillation in range

lon Density variation : Azimuth shift



Doppler Frequency : Observation target (ionosphere)
changes the Doppler frequency.

SAR received signal at intermediate f(- 2_R)
frequency: C

( )
_ o da . 2dR [ dT 2R 5 :
Time variation: o7 = jwf| - G, + [Co\z (n )dn/dT;

I

Doppler Doppler Shift In
by media azimuth

\ J\/7 n(T - VpT)
n:electron density l

fd T : Shift in Az and rg




df 1dT =df 1d(-2RIC)xd(-2R/C)1dT \/ N2
e
n= -

2R' 2R dC)
= a= +
f( C  C?dT7
_iwy [ 2R' 2R dn)
-/ XL nC, n’CdT}

_,Wf(_zR'+2R dn )
-/ XL nC, n°CdT]

( 2R 2R -¢°

e, W'm

dN )

:ijXL- nC, T n’C28wWm dT 7}

f_f(ZR -¢® dN)
o OXLnZCZEOWZm dr 7

Doppler frequency due to the media
variation in azimuth
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Electron density distributions 10° 106
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Representative parameters for the ionosphere:
Electron mass (m): 9.109e-31kg

Electric charge (e): 1.602e-19 Coulomb
Emissivity at space (e;): 8.854e-12Fm-1
Light speed (0):299792458m-1s-1

Angular speed (®):2*PAI*1.27e9s-1

If we assume that dN/dT~1.0e9/m"3s-1, £;,~0.2Hz at the positive slope and -
0.2Hz at the negative slope. It vibrates in azimuth.

Change in Doppler ->

Azimuth shift mainly . [yp Af ; Ay
very slightly in range. Q’ o f Ve 1Hz 13m
bD 0.2Hz : 2.6m

Vg=6.7km/s



Geometric evaluation using the corner reflector.

CRs in Amazon are used for the location shift and the resolution.

Geo locations
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0.02

0.01

-0.01

-0.02

Geolocation
. Calibration results (normal)
e dx Rio Branco..
o dy
< ds 0
°
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< & &
;;§ 9 g,&f%ﬁ? QES
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N N N
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Total_days
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Azimuth and Range shifts

Rare
l )
Smaller TEC, slower C, projected Dense
nearer ‘
k +f,
a=—DIEC  k=40.28 m3/s2
f Rare
<< >
1079*500000%40.28/1.27e9"2
=12 4m 1x10"9/m"3/s

S/C




SAR and Scintillation

0=23.4568 degrees

N D

1 1913
2 270.7
3 331.5

2R, =2R +n/

D:\/n/(H- z)z

Hcosq

o cos'l{(H' z)z nl }

H D?

SAR imaging (azimuth compression) is
not affected by the scintillation

Sub satellite tra

Plasma Bubble

SAR

Scintillation line

/

/

Synthetic aperture line




Simulation: Ranging

EFEE (B om3)

4 5 B
SAR | ! 0
N, 2 | N\ (fosanee
e Qosp ele
N — 1' # o EHE .
me ¥
0 F2/&
300km | Z4E8(thermosphere)
N1 Distance = == o
o 120km
- = EfE 100km
' \ iR 80km
12 3 9 3 th 8 B{mesosphdre)
N, (1012/m2)>N,(10%/m?3) AN
/ B [E B (strptosphgre)
12km
\ *t @ (troposphere)
0 300 600 900 1200
Bubble BE(C)

Distance change

T Ryny n Riny n Ryn,

c c c

Intensity increase
<

>

Normal Abnormal Normal
T - Ryn +R1no n 3/

C c C



Assumption on the electron density °

Case2:dricycle)

distribution in the bubble / \ Casedx(cycle)
6 a=7km
/ \ b=10km
Case1 : Density jump in the ellipsoid _ e ] :;:’?Ifm
;3 2 LT \

N,

195 20 205 21 215 22 225

inci(deg)
2 I I
Case2:dr(cycle)
Case2 : radius dependent density =
. . . . . . 1.5 a=1.5km
distribution in the ellipsoid b=1.5km
o N N1=?_[1§e:1fn;3
o ( \N2=1.[Ie /m
N g
N, 0.5
0
_ 1 % rn(7,9) 05
N= N, - (Nz i Nl) 195 20 205 21 215 22 225
fo- 1 7, ro(f)

inci(deg)



Geomagnetic lines

INCLINATION (DEGREES) DECLINATION (DEGREES)

BCOEL= ICRF11 Conbour Inkscval =5
_— -

YERR= 2010.0 MOOEL= TCHF11
-m -150 - =

- [ 3
GEOGRAPHIC COORDINATE GEOGRAPHIC COCRDINATE

Inclination

14.79 degrees Declination=-14.185 deg.



Comparison of the density variations on N1 and N2

5 | !
;dr‘l_cs-cle};‘E-‘z N2 1 011 1 010 1 09
PANSIPNR  pme581
4 yEL. bl I
~ —
@ %J W L Gri(oycerio N
e 3 102 | O O X
2 10M X
2
g 1070 X
ol= TN e 1
a = 7km+1.5kmx3

-1
195 20 205 21 215 22 225 b = 10km+1.5kmx3

Inci(deqg)

Difference of the electron density should be at least 10*12~10”11.



Simulated image for the Amazon case

Electron density model: case2

Inclination: 14.79 degrees
Declination:-14.185 degrees

Number of bubbles:
1 large + 4 smalls

1.5+7km
1.5+10km
=1

=1

.DeM2
.0e"9

dr1{cycle)
%]
"-...___--h
z2Zz2
[y

195 20 205 21 215 22 225

inci(deg)



Measured cross section of the electron density
Prof. Watkins at IGARSS2009
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Correction of ionospheric distortions in low frequency interferometric SAR data
Jun Su Kim; Danklmayer, A.; Papathanassiou, K.; IGARSS), 2011 IEEE International



http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6049353
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Meyer, F.A review of ionospheric effects in low-frequency SAR — Signals,
correction methods, and performance requirements

Geoscience and Remote Sensing Symposium (IGARSS), 2010 IEEE International
Digital Object Identifier: 10.1109/IGARSS.2010.5654258

Publication Year: 2010 , Page(s): 29 — 32

Measurement and mitigation of the ionosphere in L-band Interferometric SAR
data

Rosen, P.A.; Hensley, S.; Chen, C.

Radar Conference, 2010 IEEE

Digital Object Identifier: 10.1109/RADAR.2010.5494385

Publication Year: 2010 , Page(s): 1459 — 1463

Correction of ionospheric distortions in low frequency interferometric SAR
data

Jun Su Kim; Danklmayer, A.; Papathanassiou, K.; IGARSS), 2011 IEEE
International

Page(s): 1505 - 1508

Digital Object Identifier: 10.1109/IGARSS.2011.6049353
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