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Abstract - The potentially measurable effects of Faraday rotation on linearly 
polarized interferometric or polarimetric SAR measurements from space are addressed. 
Backscatter measurements subject to Faraday rotation are first modeled, and then the 
impacts are assessed using actual SAR data. Data characteristics found to be most 
sensitive to a small Faraday rotation (< 20 degrees) are the cross-pol backscatter 
[cf'(HV)] and the like-to-cross-pol correlation [e.g. p(HHHV*)]. For a diverse, but 
representative, set of natural terrain the level of distortion across a range of backscatter 
measures is shown to be acceptable (i.e. minimal) for Faraday rotations of less than 5 

degrees, and 3 degrees if the radiometric uncertainty in the H V  backscatter is specified to 
be less than 0.5 dB. 

Next a step-by-step procedure is outlined for correction (or calibration) of fully 
polarimetric data subject to Faraday rotation, to recover the true scattering matrix. The 
final steps in the procedure involve a novel strategy for estimation and correction of 
Faraday rotation. Sensitivity analyses are presented which show that at least one 
algorithm can be used to estimate SZ to within f 3 or 5 degrees, with reasonable levels of 
residual cross-talk, noise floor and channel amplitude and phase imbalance. This 
approach is relevLit fm  futxe L-band spaceborne SARs md  removes one key obstac!e to 
the deployment of even longer wavelength SARs (e.g. a UHF or P-Band SAR) in Earth 
orbit. 

The research desc13~d i ~ ?  this p p z r  was czmec! o ~ t  by the Jet Propulsion Laboratory, 
California Institute of Technology, under a contract with the National Aeronautics and 
Space Administration. 

Keywords: Synthetic Aperture Radar (SAR) , Polarimetry, Interferometry, Faraday 
rotation 
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Faraday Rotation 

JPL 
Effects on Polarimetric Measurements 

For H and V polarization measurements, and ignoring other effects, the 
measured scattering matrix, M, can be written as M = RSR, i.e. 

1.e. 

M ,  = s,, cos's2 - S, sin2Q + (s,~,, - sVh) sins  cos^ 

M,,, = S ,   cos^ + s,, sin2Q + (s,+ sVJ sins  cos^ 

M , ,  = s,, cos's2 + s,, sin2Q - (shh+ s.,) sinQ  cos^ 

M,,, = s vv  cos^ - s,, sin2Q + (s,. - s,,,) sinQ  cos^ 

This is non-reciprocal for Q # 0, (Le. M,,p Advh, even though Shv= SV,.,,& 



Faraday Rotation 

A P L  
Effects on Interferometric Measurements 

For an HH-polarization measurement (e.g. JERS-1) the expected value of the 
radar cross section in the presence of Faraday rotation is: 

For repeat-pass data, the decorrelation due to Faraday rotation will be: 

Either of these two measures will depend on both the Faraday rotation 
angle, S2, and the polarization signature of the terrain 
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Faraday Rotation 

Modeled L-Band ‘HH’ backscatter vs. Faraday rotation angle: 
JPL 

L-Band HH Backscatter vs. Faraday rotation 

O s  
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Backscatter drops off to a null at C2 = 45 degrees 
Depth of null depends on polarization signature - but effects would probably 
be masked by noise ( at -17 dB) in JERS-1 data, for example 
P-Band results are similar in behavior 
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Faraday Rotation 

Introducing Additive Noise 
JPL 

Some effects due to Faraday rotation may be masked by additive noise 
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Faraday Rotation 

Effects on Estimates of Decorrelation JPL 
Modeled L-Band ‘HH’ backscatter decorrelation due to Faraday rotation: 

L-Band HH Temporal Correlation vs. Faraday rotation 
1 .o 
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Little noticeable decorrelation up to 52 = 30 degrees 

At Q = 90 degrees, correlation is the same as the HH-VV correlation for that 
scatterer type (e.g. 0.25 for Upland Forest) 
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Faraday Rotation 

(HV-VH) - dcg 
0 (HH-VV) - deg 

Summary of Model Results 

0 0 Oor 1 8 0  Oor 1 8 0  180 0 
-0.2 --> +2.2 -0.5 --> +6.4 -2.1 --> +31.6 -1 1 .O --> +102.4 -143 --> +171.2 = - @(HH-VV*)ln = 

Spread of relative errors introduced into backscatter measurements across a 
wide range of measures for a diverse set of scatterer types 
Effects considered negligible (i .e. less than desired calibration uncertainty*) 
are shaded 

*Radiometric uncertainty - 0.5 dB 
Phase error - 10 degrees 
Correlation error - 6% 

A Noise-equivalent sigma-naught of - 30dB is assumed 
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1. 

Faraday Rotation 

Estimating the Faraday Rotation Angle, Q JPL 
(Freeman, 2003) Since speckle and additive noise may be present in the 
backscatter signatures, !?2 may be estimated from averaged 2nd-order 
statistics: 

then estimating from: 

2. (Bickel and Bates, 1967) - for fully polarimetric (linear polarized) spaceborne 
SARs, it is straightforward to estimate the Faraday rotation angle, Q, via: 

for any type of scatterer AF- 9 





Faraday Rotation 

Estimating the Faraday Rotation Angle, C2 AJPL 

Combining effects for a ‘typical’ set of system errors, we see that a 
cross-talk level e -30 dB is necessary to keep the error in S2 e 3 
degrees using measure (2) 

I a)P-Band I 1612= -3OdB I 18’:i25 I 
For Measure ( 1 ) 

I 

I error is 
dominated by / 5.1 AQ2 [ 3.2 

1612= -25 additive noise 
dB b) L-Band 1612= -30 dB 

I Anl (deg) I 10.6 I 10.5 r 
I I J 

P-Band case has channel amplitude imbalance of 0.5 dB, phase 
imbalance of 10 degrees and NE 00 = -30 dB 

L-Band case has channel amplitude imbalance of 0.5 dB, phase 
imbalance of 10 degrees and NE 00 = -24 dB 
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Faraday Rotation Uncalibrated 
Polarimetric SAR data A p L  

I 
Pre-determined 1 
antenna patterns, 

transmil power, 
Calibration Procedure for range variation, __ 

Polarimetric SAR data receiver gain, 
--* I 1. Radiometric Correction 

I etc. 

(Cannot estimate cross-tal k Prior estimates of 

from data) 
cross-talk .- . - 

(if necessary) 

4 Channel Amplltude 

(Use any target with reflection 
symmetry to ‘symmetrize’ data) symmetry 

(Trihedral signature or known 

Signature of target 
with reflection 

Signature of target 

or prior knowledge 
with known HHNV 

channel imbalance) of HHNV ratio 

t - - - -  - - - - - - - - - - _ - _ - -  

5. Estimate B ----’ Taking Faraday rotation and 
‘typical’ system errors into 

Signature of any 
target 

account 
Signature of target 
with non-zero HV 

6. Check for ,d2 
error in P 

- __ 

7. Correct for R I 
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Calibrated 
Polarimetric SAR data 



Faraday Rotation 

JPL 

SUMMARY 

Chief noticeable effects of significant Faraday rotation on single-pol data 
should be: 

1. A few dB drop in measured backscatter level (0') 
2. A drop in correlation in repeat-pass data 

For S2 < 3 degrees, calibration errors are acceptable for most measures 

An exception is the like-to-cross pol correlation coefficient, which is 
always severely distorted by a small Faraday rotation. 

A simple approach has been described to estimate and correct Faraday 
rotation found in fully polarimetric data 

This has been embedded in a fully polarimetric calibration scheme 

This removes one key obstacle in the path of a future Earth-orbiting 
spaceborne P-Band SAR 
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