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lonopheric Effect

- Dispersive effect

Propagation time depends on the TEC and on the
frequency. This creates a distortion of the chirp.

- Spatial variation of the TEC

Effect similar to trajectory disturbances = extensive
experience on very high resolution processing

Needs to be validated with representative 2-D phase
screens

- Faraday rotation
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Faraday rotation
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Ejpr = kFTeslkT EzRT — kgssz
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Two cases
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Assuming identical ionospheres

Q,=0,=0

Egr = k; RoSiRoKy Eorr = kFTa RS, Roks

VoK, Kr) # 7o (Kg, Kp)
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Assuming identical ionospheres

El RT

ElRT

EZRT — kFTz RQSZRQkT

EZRT =h£ Sz hT

Same measured signal

Faraday rotation

k, =R h:
ky = Ryh,

No Faraday rotation

Full polarimetry

he = Rk,

Ne = Roks JPL

== SAPHIREZ
NN %i , DBER
-%\.“ \\_:, . y THE FRENCH AEROSPACE LAR




Q=Q,

One-to-one relation

No Faraday Rotation Faraday Rotation

VoK, Kr) # 7o (Kg, Kp)

V(kR, kT)1 3 (hR1 hT) such that 7, (Kg, K ) =7,(hg, hr)
The interferometric coherence set 1S invariant
No effect of ionosphere
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Q=Q,

Ya(Kr: Kr) # 7o (Kgi Ky)

V (Kg, Kr ), 3 (Mg, hy) suchthat 7, (kg Ky ) = 74 (hg, )
The interferometric coherence set Is invariant
No effect of ionosphere

7., =z wmmp [The setof interferometric coherences Is invariant

The inversion can proceed without any adjustement except the
selection of the ground. For that, use M., + M, =23,
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Compact PolInSAR & same ionosphé

v
Q=Q,

- The compact polarimetry mode:

n/2 mode: 1 circular transmit and 2 independent receive
polarizations: (RR,RL) or (RH, RV)

- Circular on transmit at lower frequency is essential

The single polarization on receive will be rotated through
the ionosphere; To insure the invariance of polarization at
the surface level, circular polarization is the only choice

- Synthesis can be done on receive:
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Q=Q,

- 1 N 1
Ejre = e_JQk; Rﬂsl( Jj Eorc = © JQk; RQSZ(_ Jj
. <E1RCE2RC*>
R Y

This is not the case If the transmit polarisation is not circular

Ech — h;

Compact polarimetry
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The set of interferometric coherence is invariant
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Identical Faraday rotation

Full polarimetry
The set of interferometric coherences is globally invariant
No effect on the inversion

Compact polarimetry

If the transmit polarization is circular, the set of
iInterferometric coherence is globally invariant

no effect on the inversion
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Different ionospheres

.- Differential Faraday rotation

- Correction of the data prior to PolInSAR inversion
Full polarimetric case: Bickell and Bates, Freeman

FR estimate with Bickel ond Bates methaod
sxio*t ~— ¢ ' . T T

6x10* ]

4x10*

23104 ]
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FR {degrees)

Compact pol: more later
- What is the required accuracy of the correction?
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Assuming a different ionospher'fﬁ."fé'on

- Notion of differential ionosphere
Assume no FR on acquisition 1

<E1E2*> E —s. HH or VV

o \/<E1E1*><E2E2*> E, =S,, cos°Q—S,, sinQ

<E1E;> = cos” QS

‘ 2

—sin? Q<SHHS*VV>

. Q<2°
Small loss of coherence = 2%
Small error on the interf. phase < 2°
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0,=Q, 1 2

Assume no FR on acquisition 1

<E1E2*> E -5 RRor LL
Vo = - -
\/<E1E1 ><E2E2 > E, = S
Ya = o Invariant with FR
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- Notion of differential ionosphere
Assume no FR on acquisition 1
« RL
<E1E2 > E, = S
Vo = " - o
\/<E1E1 WEE,") E, = e?9s,
<E1E;> = cos® QS,,,|" — sin’ Q<SHHS*VV>
. o < o
Vo = e2197/0 S A
no loss of coherence
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Different ionospheres for PolInSAR

- Correction of the differential Faraday rot. to within 2°
Bickell and Bates, Freeman...

- Apply PolInSAR inversion on corrected data

- Make good use of 3 FR invariant coherences
M + My, =25,
Mgr = Sgr

My =S,
SPL
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Assuming different ionospheres

- Only one Faraday rotation invariant coherence

MRR :SRR

- We know that Faraday rotation will lower the
coherence: The two polarisation states are not
matched
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Assuming a different ionophere

Therefore, the correct correction of FR will maximize the
interferometric coherence
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Can wé"é_st_i"r_nate the differehﬂt”iéI”IER and
correct for 1t?

Interferome

200 ac 200
Fatation angle [*] Ratation angle [#]

Variation of the coherence with respect to a FR correction
on the second acquisition

Simulation over Airborne data
Q= 0° onDay1
(2 =100° on Day 2

We maximize the coherence by correcting
Yes with an accuracy better than 5°

Dubois-Fernandez et al. “The compact polarlmetry alternatlve ", IEEE TGRS October 2008
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Compact po™®

Angular sector
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Compact PolInSAR inversion
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Conclusions

ldentical ionospheres
Invariance of the set of interferometric coherences when the
lonospheres are identical on both measurements
» Full polarimetry and compact polarimetry (Circular transmit)

Different ionospheres

3 invariant coherences with Faraday rotation for FP
1 invariant coherence with CP
Full polarimetry

» Correct the two datasets prior to data analysis
Compact polarimetry

» Correct for the differential FR by maximizing the
interferometric coherences over all linear polarisations
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