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Polarimetric Interferometry

Image 1: Scattering Matrix:
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Scattering Vector: k, = ﬁ[S:.H +Sy Sii—Sn 2SL T

Image formation:

Interferogram formation:

i, =w -k, and

Siw Siv
Sk Sw

.1
Scattering Vector: K, :ﬁ[siu +8% S —Sn 2SAT

Image 2: Scattering Matrix:  [S,] :{

i,=W, -k, where W, are complex unitary vectors

iy = (K )W k) =W, (K, -k, )W

Example: W, =[1/N2 112 O] —»i =W,-K =S,
‘#';_ W, =[LINZ 12 O] >i,=W,-K,=S,,, ‘#';_
ok K ihabnasnios § ok K habnasnios §
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Polarimetric Interferometry
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Interferogram: 1= <[ ‘} [E]* Ez
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285 T > [M]l=<k k' >

282,17 > [T,1=<k, -k, >

Image formation:

Interferogram:
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7 (W, W,

e arg{ 7} .. interferometric phase ¢#(W,,W,)=arg{ <w,[2]w, > }

Polarimetric Interferometry

Complex Interferometric Coherence:

)= <iy iy > _ < W, [Q]w; >
S <> <W[RN ) > < (W2, ) >

[T,] Coherency Matrix for Image 1: 3x3 complex hermitian ® | 7 |=7 ..normalised complex cross-correlation coefficient

[T,] Coherency Matrix for Image 2:  3x3 complex hermitian o If W, =W, then 7=V

[€2] 3x3 complex non-hermitian matrix K, # K, l#;. o If W, #W, then 7=7Vwlea ‘#;.
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Coherence Optimisation
Interferometric Coherence: (W, W,) = %
NWT W, >< W, [T, IV, >

Question: Wich polarisation combination leads to the maximum possible interferometric coherence ?

Optimisation Procedure: L .. Lagrangian function

L= W[, I, + 4, (W, [T, W, - C,) + 4, (W,[T, Iw,” - C,) /1, .. Lagrangian multipliers
oL " . - - o .
i [2,] W, + AT, W, =0 — W [02,] W, =—24,% [T, W,
A
oL . . _ . . - .
o [2, ] + 4T, IW, =0 > W[, ]'W, = -4W, [T, ]W,
2

[T 1[92, [Tl "[2,,] W, =[Al[BIW, = A 4W, =v W,
[T [2,] [T ' [2,] W, =[BI[AIW, = AW, =v W,

[Tl '[2,1' [T, ] '[£2,,] is not hermitian but v =41, are real iu
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Coherence Optimisation

Coherence Optimisation: [T (2] [T 1742, ] W, =[AI[BIW, =v W,
[Tl [€2,] [T ] 12,1 W, = [BI[AIW, = v W,

k 3 real eigenvalues: v, 2V, 2v, 20
and 3 pairs of eigenvectors: {W,y, Wy, },{W,, W, },{W,,, W, }

Optimum Coherence Values: 7, = \/7‘ Optimum Scattering Mechanisms:  {W,,W,,}

Image Formation: =W -k and I,=W,-k,
Eigen Phase Normalisation: ¢, =arg{ W, -W, }=0
i, =i exp(-ig,/2) and i, =i,exp(+ig,/2)
Interferogram Formation: iy i = (W - K (W, - Ky)" = Wy [2]5, #‘.
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Interferometric Decomposition

Coherent Interferometric Decomposition:
[Tl '[2] Tl [0 = DWW ) = vy (W W ) v (W Wy ) v, (W Wy )
(M1 120] [T '[2] = 2 vi(Wig Wi ) = vy (W Wi, )+ vy (W W ) + v, (W, Wy )
Note that W, =+/[T,] W, and W,,=+[T,] W, are orthonormal

v

Three Interferograms: iy, +if, = (W, - K,)(W, - K,)" = Wy, [2]W,  1st Scattering Mechanism
iy i3, = (W, - K,)(Wy, K,)" =W, [21,  2nd Scattering Mechanism
iy i3, = (Way - K )Wy, K,)* =W, [, 3rd Scattering Mechanism

The three interferograms are optimised with respect to the interferometric coherence lll

Phase Difference between scattering mechanisms:

A, = arg{ (W, [2N) (W, [21,)" } A#;_
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Physical Interpretation of Coherence Optimisation Algorithm
In an perfect world ...
: \
WJIYWZ] v
v W]Z ' WZZ E

Wy, W
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SAR Images
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Interferometric Phase Images Interferometric Coherence Images
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Interferometric Phase Images Interferometric Coherence Images
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Interferometric Phase Images Interferometric Coherence Images
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Coherence Images Coherence Images

Baseline=1 "
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Physical Interpretation of Coherence Optimisation Algorithm

In an perfect world ... In an real world ...
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Modeling and Parameter Estimation

i 4

Modeling Parameter Estimation
Establishment of scattering model [M] Inversion of the scattering model [M]
Radar —IM) Scatterer Scatterer —IMJ Radar
Observables | Parameters Parameters | Observables

Reguirements on [M]: 1. Correctness in Interpretation and prediction of the observublz

2. Simplicity in terms of parameters in order to be determin
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Random Volume + Ground Scattering Model:
Interferometric Behaviour
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Single Baseline Inversion Scenarios

.‘_=:°+Jxl_ Single-Polarisation Dual-Polarisation Quad-Polarisation
Interferometry Interferometry Interferometry
h, h [7(w)]
- h - |7(w)] o arg{y (W)}
e 4 [7(w)] | gy (W)} % o 7))
- : o1 o | b | 7O
W  Parameters: . g || & ) | | | mew | ™M argi
7 () = explig) T Volume height h, () i argfF )} | | me,) 1708)]
) )] aroF)
N sy 9 (W,
I*/ s ZUZ'dl Extincti
Vol ~ - Z!'EXP(“‘IZ Jexp) cosé, z xfinction o 4 Parameters «— 2 Observables ||5 Parameters <+ 4 Observables || 6 Parameters «<— 6 Observables
olume
= h,
Coherence | Y . ' ' '
0 I, = ’[exp[iz oz ]dz' Topography ¢,
0 costh Underestimated Underestimated Solvable Il
G/V Ratio m= Mg Vertical Wavenumber &, = .’mg 6/V Ratio m(‘w% #
m,l, sin(6,) =1 me
oK i Bienmemcnn f, oK i Bienawmcnn §,
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Random Volume + Ground Scattering Model:
Geometrical Interpretation

Interferometric Coherence: }(w) = exp(i%)w
1+ m(W)

(@)= exp(i¢u)[%v+m

Py
1

Equation of a straight line in the complex plane Il

- Line Slope := f£(Baseline, Vegetation Height, and, Extinction )
- Line Length := £ (Baseline, Vegetation Height, Extinction, and, 6round Scat. Amplitudes)

- Line/Circle Intersection Point := }(m(w) > 0) = arg{;;(m(w)}H 4 M

© K.P.Papathanassiou K mdanainnash

P2: Forest Scatterer

P3: Surface Scatterer P4: Forest Scatterer
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P2: Forest Scatterer

P1: Surface Scatterer

P3: Surface Scatterer

P4: Forest Scatterer
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Conditioning of the Inversion Problem
... or which polarisations lead to the best parameter estimates

Senario 1 Senario 2 Senario 3
High Coherences Low Coherences Optimised Coherences
Close phase centers Separated phase centers Separated phase centers

- e
X X ® B

Btanes OF06 Con fercus Parmt Bhanes 03-14: Dealdusas Pormsl

Insufficient Separability Insufficient Separability Sufficient Separability

¥ \ 4 4

Ill-Conditioned Ill-conditioned Well-conditioned

i [T}
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Forest Height and Biomass Estimation

Conventional Biomass Estimators from SAR Data:

Biomass % of Earths % of Total
Saturation Limit Vegetated Area Biomass Stock

[T/ha] [Kg/(m"2)]

C-band 20 2 25% 4%
L-band 40 4 35% 8%
P-band 100 10 60% 20%
Tree Height 250 25 75% 80%
M. L. Imhoff, “ Radar Backscatter and Biomass Saturation: for Global Biomass Inventoty " IEEE TGARS, Vol. 33, No. 2, M!u
© KPPapathanassiou K danssbsmasnisy: © kP Papathanassiou K Bdansibenasnisy i,

Deutsches Zentrum fir Luft und Raumfahrt e.V.
Instiut fur Hochfrequenztechrik und Radarsysteme
Alternative Inversion Scenarios

Multi-Baseline Single-Polarisation Interferometry:
o1 - - F (k) +m ~ -
Baseline i (x,,) = exp(igy) L2 h, Pl ] =
1+m - K]
T My arg{ 7 (x,,)} 3
Baseline 2 = e F(en)+m o |7 (x.2) | 2
Boseline & 7, = epli 24 20 m ag{7(x] @

4 Parameters <—= 4 Observables

Single-Baseline Dual-Frequency Interferometry:
- h, o
Freuency s 7(1)=enig) (UL | o () HOIREE
= £
! a(f) M arg{ 7 (f,)} S
- S, F(f)+m(f,) 0 [7(f)1 4
: 7 (F,) =exp(i-24,) 2 —— 2~ - )
Frequency 2 7(f)=expli ) =0y m(f,) ag{7(f] 2
m(f,) >
6 Parameters «— 4 Observubles#
[ 1]
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From Remote Imaging to Remote Measurement

Wat has been done:  Estimation of Tree Height
Forest Extinction
Underlying Topography
Ground Signature under the Forest

... using a single frequency single baseline sensor

Validation in L-band
Validation in P-band
Where are we now:  Model extention to account for temporal decorrelation
Model Development and Validation of Biomass Estimation

Multi-Baseline Pol-InSAR Processing Techniques
Model Development
Inversion Algorithms

Where we like o go: Estimation of Surfaces Parameters under Vegetation

Estimation of Forest Structural parameters

- . s Differential Polarimetric Interferometry ‘#u
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sl o Random Volume + Ground Scatteri odel:
Coherence Optimisation ndom Volume + Groun attering M

Polarimetric Behaviour
Interferometric Coherence: (W, W,) =

Question: Which polarisation combination leads to the maximum possible interferometric coherence ?

Coherence Optimisation: [T 17142, 1 [T ] [€2,] W, =[Al[BIW, = v W,
| e e - B -y

3 | ei lues: v,2v,2v, >0 b 0 0
real eigenvalues: o nEvERER 1=l 0 t, O
and 3 pairs of eigenvectors: {Wy,, Wy} {W,,, Wy, },{W;, Wy, } 0 0 t,
Optimum Coherence Values: 7, =+v; Optimum Scattering Mechanisms: ~ {W;, W,,}
~ . t t 0
Image Formation: s, =W, K and s,=W, K e o

[Tel=[terr terz O
0 0 toy
Eigen Phase Normalisation: ¢, =arg{ W, ‘W, }=0 Fu
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Interferogram Formation: S;; - Sy = (W K )W, oKy = Wy, [0,

A
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Interferometric Phase Images
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Interferometric Coherence Images
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Interferometric Coherence Images
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