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» The knowledge of the underlying electron density profile allow the correction of the ionospheric distorsions in SAR images.
» A thin-layer assumption can lead to 10-20% errors in the estimated TECU assuming a known ionosphere height.
i DLR

» Faraday rotation can be estimated with centi-degree accuracy from polarimetric SAR data, and is the key
to access electron density profiles !!!




lonosphere tomography from SAR: Geometry
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Faraday rotation at an azimuth a and for an angle f3:

In the orbit-range plane:

from which:

Q(a; B) = Cy jNe(a+rsinﬂ,r) §(a+rsinﬁ,r)-l?(,8) dr

k(B) = cos(B) ko + sin(B) By

B(a+rsinB,r)-k(B) =Bgla+rsinB,r)cosB + By(a+rsinf,r)sinp



Role of the Earth magnetic field

The orientation of the magnetic field affects directly the sensitivity of the Faraday rotation as a function of § (sub-apertures) to profile changes
Q(a; B) = Cy jNe(a +rsinf,r)[Bg(a+rsinf,r)cosf + By(a+rsinf,r)sinpB] dr
For small g: Parallel to zero-Doppler range Parallel to platform movement

Q(a; B) = C, fNe(a+rsinﬁ,r) Bg(a +rsinp,r)dr+ S C, fNe(a+rsin,8,r) By(a+rsinB,r)dr

Minimizing By / maximizing By, is critical to allow ionospheric reconstructions !!! For a polar-orbiting SAR:
» Moving towards high latitudes (e.g. boreal zones): the geomagnetic field becomes more and more radial » By becomes significant
» Moving towards the equator: the horizontal component of the geomagnetic field dominates » By is very small (tending to 0)
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Boreal latitudes

ALOS ‘Fairbanks’ geometry
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Sensitivity of Faraday rotation to profile parameters

Plots: Boreal latitudes — ALOS ‘Fairbanks’ geometry Equatorial latitudes — ALOS-2 ‘Malaysia’ geometry
Difference between
Q(B) for the different 0.00100 - FR: Reference layer - distribution Ne - 0.020 . FR: Reference layer - distribution Ne .
q H —— HPeak = 100 : _
profiles and Q(B) in the 0.00075 : : —— Hpeak=3001 0,015 pesk = 300 : :
—— HPpeak = 400 s e
reference case after . 000050 i I —— gt i N P i
compensating mean $ 0.00025 ;/ A : 0.005 — N 7/ i
2 0.00000 B WS 0.000 1
values S ) onoas 1 7 > ] 0005 ——1 AN/ / I
e T 1 | g L — ]
* ~0.00050 i I -0.010 . w/ W :
Chapman layer ~0.00075 1 | -0.015 i i
-0.00100 : : 002075 L — 0.0 e T 15
-15 -1.0 -05 0.0 05 1.0 15 - - : 0. : : :
squint angle B squint angle B
0.00100 _ FR: Reference layer - distribution N i 0,020 FR: Reference layer - distribution N,
I I —— Htop = 100 : — Hi =100
0.00075 I I ~— Htop = 200 | 0.015 : : _— H:zz sl
_ 0.00050 I I —— Htop = 300 1 0.010 I I —— Htop = 300 |
- o | e
£ ® 0.00025 i i = 0.005 i /‘{\ 1
= ey | -
5 2 0.00000 | AN = —t] 0. | —t ]
g 8 — s I R — A 4 I
& < -0.00025 i I ~0.005 :gl ~J i
“ ~0.00050 1 { ~0.010 I i
E -0.00075 : : -0.015 i i
C -0.020 i 1
o —0.00100 =i Yy oo o5 To s -15 -10 -05 0.0 05 Y 15
squint angle 8 squint angle B
= FR: Reference layer - distribution Ne - 08 FR: Reference layer - distribution N
0 2.5 50 7.5 10.012.515. 1 1 — TEC = 50% :
*® Cecton densiy - 100 0.02 : : —mec-15% | 06 : :
—— TEC = 200%
% 001 —— 1 04 }[ J —
o T - .
Reference case: £ H >_ . 02 H : e
o 0.00 = 0.0 I 1 —— TEC-=150% -
Hpeak = 200 km ) L — <\K 5.3 i 1 — TEC = 200%
x 1 1 ' 1 ]
- & -0.01
HTOp =50 km | I -0.4 I 1\
TEC = TEC, -0.02 : : =06 1 1
-0.8
15 10 05 00 05 10 15 -L5 -10 -05 0.0 0.5 Y10 15

squint angle B squint angle B




lonosphere tomography: Inversion geometry
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v 7 v 7 v 7 > Azimuth — a
\ 1 \ 7 \ 14
1 /4 \ 1 \ [
\ 1 \ 7 \ /4
\ 1 \ 7 \ 7
‘\ II ‘\ l’ "\ ‘\ I’
‘\‘ / ° ‘\‘ Il’ %1 o ‘\‘ III
\ II /Q\ \ 1 // \ /i
\ /4 )( \ /A \ /A
\ ! \ / Q \ /
\ [} = \ [ \ [
\ / e\ AW N/
\ ! ) \ R /f\l "
\ J v\ ;s vy
\ 1 9\ =\ / &
\‘ II :@ \‘ II & II‘\
\ 4 \ I \ / + I\
\ / \ \ / Q ;o\
\‘ II \ \‘ II N / \
Range — r \ J NS/ < JE—
\ ] S N 1 \
\ i (W) ! AR \
\ / Q Ne (Cl, 7"0) / \
\ 7 1\ /4 \
\ /4 7 \ 7 \
\ 7 [ A\ /4 \
\ 1 [ \ [ \
\ 7 II \‘ II \‘
Clj\ II ‘\ III “\
/N / AB \ / \
7 \ /4 \ /4 \
7 \ 1 \ 1 \
7 \ /4 \ /4 \
\ /4 \ /4 \
;H\ /4 \ /4 \
Il ‘\ II ‘\ II ‘\
I’ AB ‘\ II ‘\ II ‘\
); \‘ ! _ Aﬁ \‘ ! \‘
ll \ 1 Z(R — T) SIN— 1 \
II ‘\ II 2 ‘\ II ‘\
Ground : < = : >
Q(a—rsinB,B) = C, f N.(a,r ) [Bx(a,r) cos B + By(a,r)sin 8] dr
» Higher elevations (low ranges) rely on larger azimuth intervals;

» At lower elevations (high ranges), the usable azimuth intervals become narrower and the inversion relies more on
availability of a larger aperture becomes critical.

the variability of the magnetic field across the sub-aperture: equatorial latitudes are favored, while for boreal ones the
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lonosphere tomography: Implementation
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» The orbit-range plane is discretized into Ng x Nj cells.
» The original Faraday rotation integral becomes a sum and is calculated for S sub-apertures.
» The process is repeated for L azimuth locations. Working assumption: L = Np 1
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lonosphere tomography: Implementation
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Elevation (km)

Examples of inverted profiles

Boreal latitudes — ALOS ‘Fairbanks’ geometry
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The smallest tested aperture (9 km = 0.75° L-band, 4.5 m az. res.) does not allow an inversion below a 300 km.

i DLR
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Examples of inverted profiles

Equatorial latitudes — ALOS-2 ‘Malaysia’ geometry
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The variability of the magnetic field across sub-apertures allows the inversion below 300 km also for the smallest
aperture, but a larger one allow better reconstructions.
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First real data results

Fairbanks (Alaska) — ALOS Malaysia — ALOS-2
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First real data results

Faraday rotations estimated by means of Bickel & Bates in 20 sub-apertures
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First real data results
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Range (km)

First real data results

Faraday rotations estimated by means of Bickel & Bates in 20 sub-apertures
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Conclusions

» An approach for the reconstruction of electron density profiles using measurements of Faraday

rotation from multiple sub-apertures of polarimetric SAR acquisitions has been considered.

» Two critical performance factors:

» The relative orientation between the geomagnetic field and the line of sight. Equatorial |
atitudes maximise the variation of the magnetic field within the synthetic aperture, hence the
sensitivity to the profile features.

» The (typically small) available aperture. Larger apertures affect not only the resolution of the

reconstruction, but also allow a more accurate reconstruction at lower elevations.
» Inversions results show interesting potentials: position and width of ionosphere layers can be

reconstructed, but the retrieved electron density is biased. But positional features are still important

information supporting ionosphere observation and effect correction.

i DLR
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