C T SRS N W S T RS, SR e TR TR OGS AV IND PN ogtl W fe, TTERAENT T N S B TR NEESESENT N ey Sl e 3 4L SRR e SR T s i s
-~

Polarimetric SAR Interferometry

Microwaves and Radar It
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Interferometry
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SAR Polarimetry (PoISAR)

Allows the identification / decomposition of different
scattering processes occurring inside the resolution cell



SAR Interferometry (INSAR)

Allows the location of the effective scattering
center inside the resolution cell




SAR Polarimetry (PoISAR) SAR Interferometry (INSAR)

Allows the identification / decomposition of different Allows the location of the effective scattering
scattering processes occurring inside the resolution cell center inside the resolution cell

.

Polarimetric SAR Interferometry (Pol-InSAR)

Potential to separate in height different scattering processes
occurring inside the resolution cell.
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Interferometry vs. Polarimetry

S —Al 1AL 5
¢ = arg{ SI1—|H Sﬁ*H } : Sy +Sw =2Ag
S2,=A2 + A2 f

A so-[;
‘ [Se] = :HH

# Deutsches Zentrum
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Polarimetric Interferometry

s = S + Sy = 2As ip = St — St = 2A;
Ps =arg{ g iz }

i, =S2,+S2, =2A2 ' i = S2, = 2A2

S

!

¢@p =arg{ ip ixp }

>

A
L
A
L

A so-[;
. [Se] = 2HH
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PolSAR

W <

# Deutsches Zentrum
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Polarimetric Coherences
<S; Sy >

\/< Sy Sj> <SSy S >

V(Sij Smn ) =

Interferometric Coherences
<8, S, >
\/<S1 S;><S,S;>

V(S1 Sz) -

Polarimetric / Interferometric

» Coherences

g2 _ <S!s2 ">

S} V(S) Stn) = — :
w \/<Si1j S ><S3,Sa, >




Complex Coherences on the Unit Circle (UC)

N
> "8,(k)S; (k) "
V= =exp(i Arg(¥) )|V ‘

JZsmk)s:(k) > 8, (k)Sy(k) >

~

Correlation Coefficient 0< |y| =y<1

Interferometric Phase 0<Arg({)=@<2m

Cramer Rao Bounds:

Correlation Coefficient

Interferometric Phase

¢ =arg(y) and N is
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Why is Interferometry important for Volume Scatterers?
HH-VV Coherence

est Site: Helsinki, Finland

HH-HH Coherence

g
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Pol-InSAR: Basic Principles & ldeas
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SAR Interferometry for Volume Structure




C/

SAR Interferometry for Volume Structure

Volume %m“@%&):éb%oh
Coherence

S, S, Interferometric WS, S,)= <S,S;>
Coherence 1 =2 \/< S S ><S,S,>

hV
j f(z) e™*=*dz

Vv

j f(z) dz

(0}

Y= YTemporaI VSNR YVoI

e VTemporaI

® Ysnr

® YVqume

... temporal decorrelation
... additive noise decorrelation

... geometric decorrelation

f(z) ... vertical reflectivity function

KAO

Vertical Wavenumber: K, =

sin(6y)




S, S, Interferometric WS, S,)= <S,S;>
Coherence 1 =2 \/< S S ><S,S,>

SAR Interferometry for Volume Structure

hV
j f(z) e™*dz
Volume vvol(f(Z),kz):eikzZo 0 -
Coherence I f(z) dz
f(z) ... vertical reflectivity function
V:Vemorav VO ) KABO
Temporal TSNR Vertical Wavenumber: K, = —
sin(6y)
® Vrempora ... temporal decorrelation SAR interferometry allows to reconstruct the
® Ysnr ... additive noise decorrelation vertical reflectivity function f(z) of a volume
e Vyaume ... geometric decorrelation scatterer by means of interferometric (volume)
coherence measurements at different vertical

wavenumbers K, i.e. at different spatial baselines.

-




Normalised Fourier Transform of
the vertical reflectivity function f(z)

| Yvor (Ko, W) | hy "
[ f(z) e**dz

VVol(kz1) = eikZ1Z° = hy
[ f(z) dz

(1L >
Baseline 1 (k,;) Kk

f(z) ... vertical reflectivity function

A
Vertical Wavenumber: K, = .K O
sin(6y)
th T
& m% A

Multibaseline SAR Interferometry

IR TLLAGAR L



Baseline 3 (k,;)

—_—— e = ——

| Vvar (K., W)

Baseline 2 (k,,)

o\

Yvo(Kzs)=¢€

X7 .kZ [e]
VVoI(kz1) = g"'rt 0

Yvo(Ky2) =€

i

ikZZ0 0

i

f(z) z

j f(z) dz

;

ikZZ0 o

f(z)z

[ f(2) dz

f(z)z
h,

j f(z) dz

(o]

f(z) ... vertical reflectivity function

Vertical Wavenumber:

sin(6y)

“ NN

-
.. »

atl oo
Multibaseline SAR Interferometry wuiti-baseline measurements allow to sample

the spectrum of the vertical reflectivity FT{f(z)}

— @ different (spatial) frequencies (k).
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Vertical Reflectivity Function f(z)
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Short Vegetation

INSAR Volume Coherence |V, (k,)|

:

f(z) e**dz|

| VVOI (kz) |: : hy

o

f(z) dz

»

»

1*—!—9—9—

Coherence is
independent
of baseline

kz‘l < k22 < k23

>
k-

Coherence
degreases
slower with
increasing
baseline



Amplitude Image

Amplitude Image HH




Interferometric Coherence: Volume Decorrelation

i

Spatial Baseline 3m

Deutsches Zentrum

DLR fiir Luft- und Raumfahrt eV InSAR COherence Y = YTemporaI YSNR YVoI For Surfaces VVO| = 1 - v = YSNR
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By DLR-HR-STL

500x500 m2resolution



S, S, Interferometric WS, S,)= <S,S;>
Coherence 1 =2 \/< S S ><S,S,>

SAR Interferometry for Volume Structure: The Phase Center

hjv f(z) e**dz
C:),I::allj':‘nece Vua(f(z) k) = e < hy
| f@ dz f(2) = Dot Kz
- o Zy-Po/ K,
f(z) ... vertical reflectivity function
SN M, Vertical Wavenumber: K, = _KAG
sin(6y)
® Ytemporal ... temporal decorrelation
The phase (center) of is vy, associated to the
° Vs ... additive noise decorrelation center of mass of f(z): The phase center
® Vvoume --. geometric decorrelation height h, .- ¢,./ K, corresponds to the height of

the center of mass of f(z) with respect to z, !!!
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i DLR

650m

Height

590m

650m

Height

590m

650m

Height

590m

Slant range (0.6Km)

Traunstein forest (Germany) - Capon - HH









o b, Polarimetric SAR Interferometry

1 1
Image 1:  Scattering Matrix:  [S,] = {SHH SHV}

S Sw

- 1
Scattering Vector: Kk, = ﬁ[sl'“ +Sv Stu—-Sw 2841

2 2
Image 2: Scattering Matrix: [S,]= [SHH SHVj|

S Sw

— 1
Scattering Vector: Kk, = ﬁ[sfm +Sw Stn-Stw  2Si I

Image formation: i, =w;-k, and i,=w}-k, ...projection of the scattering vector
on a (complex) unitary vector w,

W; used to select a given polarisation out of all possible polarisations provided by [S]

Example: S, +S,y, image: w =[1 0 0] — i:v*v*-Rj:i(sj +S' )
2 HH W

Q'

Swi image: W=[1/v2 1/V2 0]' - ij=W"-k;=S/

# Deutsches Zentrum 4 %
DLR fiir Luft- und Raumfahrt eV, W i
s :.'3

in der Helmholtz-Gemeinschaft
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o b, Polarimetric SAR Interferometry

1 1
Image 1 Scattering Matrix:  [S,] = {SHH SHV}

S Sw

- 1
Scattering Vector: Kk, = ﬁ[sl'“ +Sv Stu—-Sw 2841

2 2
Image 2: Scattering Matrix: [S,]= [SHH SHVj|

S Sw

— 1
Scattering Vector: Kk, = ﬁ[sfm +Sw Stn-Stw  2Si I

Image formation: i, =w:-k, and i,=w;-k, where W, are complex unitary vectors*
Interferogram formation: iy iy =(wy -k (Wy -k,) =wi (kK3 )w, =w; [Q]w,

. - <iyiy > <W;[Qw, >
Interferometric Coherence: Y(W,,W,)=

J<ii > <ip iy > < (WiT Wy )> <(W3[T, W, )>

W, used to select a polarisation state out of all possible polarisations provided by the scattering matrix [S]
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hy
[ e
hV

Polarisation 3 (Ws): | ¥y (f(z,W;)) = "% 2
j f(z,W,) dz

(0]

hy
hy

ikZZo 0

Polarisation 1 (W,): | Yvo(f(zW,))=e
j f(z,W,) dz

(0]

hV

Polarisation 2 (W,): | Fyq(f(zW,)) = "= 2 e
j f(z,W,) dz

(0]

f(z,w) ...vertical reflectivity function m(\ \ m
v & 1

Polarimetric SAR Interferometry L
4

f(z,w,)




corner

spruce forest road building cars reflector
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Airborne Polarimetric SAR Tomography

Upper image: Polarimetric color composite (L-band) of a tomographic slice in the height/azimuth-direction
HH+VV, HH-VV, mm 2*HV

Lower image: Schematic view of the imaged area

Reigber, A. et al: “First Demonstration of Airborne SAR Tomography using Multibaseline L-Band Data”. IEEE Trans. on Geosc. and Remote Sensing, Vol. 38 (5), Sept. 2000
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Spruce Forest Backscattering Profiles (15-20 m height)
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Mixed Forest Backscattering Profiles (12-20 m height)



Geometrical Representation: The Coherence Regio

X

Interferometric Coherence: y(w;,w; )= ¥(w; ,w; )|-exp(i Arg{ ¥(w,,w,) } )

» can be represented by a single point on the unit circle (UC)

Radius Angle \

cos a.exp (ip,)

ol I EG I Y 7(W,,W,) ¥V W, =| sinacosBexp(ip,)| with 0<a < g and —nt<B<nm

sinasinpexp (i)

The set of interferometric coherences obtained for all the possible polarizations W, plotted on the

unit circle (UC) defines the so-called coherence region.

Its shape & size depend on the structure of the underlying scatterer and on acquisition parameters.

7=
“ <

!

.2 o4 o6 os 1o \ \ \\ / 4/0/6 78 1’0\ \ \ I ofa 75 D}Ei 1’0
v
" Max./ Min. Interferometric Coherence Max. Phase Difference between

as function of w, interferograms formed with W , and W,

</




Coherence Region Interpretation

TR e Pl

Radial Shaped CR Point Like Coherence Region Elliptical Shaped CR
i.e. INSAR coherence amplitude i.e. INSAR Coherence and Phase i.e. INSAR coherence magnitude and
changes with polarisation but not are independent of polarisation. phase center location changes with
the location of the phase center. polarisation.

Pol-InSAR does not provide any (Depolarising) Scaterrers

at different heights

Surface Scattering

T additional information compated

Y(W) =Venr(W) Yvo = Yeng(W) to INSAR !!!




First Bistatic Dual Pol-INSAR Data Takes puey T

Iy
\s‘
L
a

Max. Phase Difference AL P She 3 &
between Polarisations e g ' s A

Dual-Pol HH-VV Stripmap
Test Site Location: OP
INSAR Mode: Bistatic

Vertical Wavenumber: 0.1m

S




Structure Parameters & Applications

* Forest Ecology

» Forest Management
* Ecosystem Modeling
 Climate Change

* Underlying Soil Moisture  Farming Management

“m@wﬂﬁ@][?@ “Moisture of Vegetation Layer » Ecosystem Modeling

— = * Height of Vegetation Layer * Water Cycle / CC

* Soil Roughness * Desertification
IENSSSSSSSSS

* Ice Layer Structure
* Ecosystem Change

@@@W & |:| @@ * Penetration Depth (Ice) . Water Cycle

* Snow Layer Thickness
- Water Management

« Snow Water Equivalent




Pol-InSAR In Orbit

ALOS-2 (4)

Sentinel 1a+1b (1c +1d)

T — i (@
N

TanDEM-X




Pol-InSAR In Orbit

RadarSAT Constelation

Missions with (pasive or
3
- i
active) Pol. Companions:
Harmony




Pol-InSAR: Modelling and Inversion




Forest Height inversion from InSAR Data

C O

<S; S, >

Interferometric Coherence (complex)

V(S1 32): n "
\/<s1 S; > <8, S, >

Y(S; S3) = Ysys Ymp Yvol Yvol ... volume decorrelation  Yrmp ... temporal decorrelation
hV
j f(z,W) e *dz
Vol (WK, ) = e'=% 2 f(z,w) ... vertical reflectivity function K, ... vertical wavenumber
j f(z,W) dz

(0]

Interferometric (volume) decorrelation is sensitive to the ,visible® (forest) height and to the vertical
reflectivity function f(z,w) within the interferometric resolution cell.

Forest Height inversion challenges:
f(z,W)

= The parameterisation / description of f(z,w)

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV
in der Helmholtz-Gemeinschaft

= The presence of Y, J

| S Jr—




2 Layer Inversion Model: (Random) Volume over Ground (RVoG)

C

Volume Layer Ground Layer

Yvo (WK, ) = exp(ip,

)VV(K )+ m(w)
1+m(w)

— ( hy
>3 | Iexp(iKzz ¥, (z')dz' m(w)=
I35 1] o
2 5 v :
0 z

%'é | = va(z')dz' v(Z) ... volume refl
i \ : 9y =k,z, ... underl

Single Baseline Observations Total | .- o For a Single Baseline

Coherence Y(W.K,) = Yremp(K2) Yvar(WiK,)
il CUEIRY GRERRER 3+N unknown parameters

vVoI (\Tv1 ’ Kz ) vVoI (\TVZ ’ Kz ) vVoI (WS ’ Kz )

1, 2, or 3 complex coherences

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

Volume Height h

Topography ®o

G/V Ratio m(w) = f(pol)

fy(z) ... N parameters

plus one more

Temporal Deco YTemp

for repeat-pass implementations I
< bt
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Spruce Forest Backscattering Profiles (15-20 m height)



2 Layer Inversion Model: (Random) Volume over Ground (RVoG)

C

Volume Layer Ground Layer

Yvo (WK, ) = exp(ip,

)VV(K )+ m(w)
1+m(w)

— ( hy
>3 | Iexp(iKzz ¥, (z')dz' m(w)=
I35 1] o
2 5 v :
0 z

%'é | = va(z')dz' v(Z) ... volume refl
i \ : 9y =k,z, ... underl

Single Baseline Observations Total | .- o For a Single Baseline

Coherence Y(W.K,) = Yremp(K2) Yvar(WiK,)
il CUEIRY GRERRER 3+N unknown parameters

vVoI (\Tv1 ’ Kz ) vVoI (\TVZ ’ Kz ) vVoI (WS ’ Kz )

1, 2, or 3 complex coherences

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

Volume Height h

Topography ®o

G/V Ratio m(w) = f(pol)

fy(z) ... N parameters

plus one more

Temporal Deco YTemp

for repeat-pass implementations I
< bt




2 Layer Inversion Model with exponential volume reflectivity

C

Volume Layer Ground Layer

Yvo (WK, ) = exp(ip,

)VV(K )+ m(w)
1+m(w)

Single Baseline Observations

single- / dual- / quad-pol

vVoI (\Tv1 ’ Kz ) vVoI (\TVZ ’ Kz ) vVoI (WS ’ Kz )

1, 2, or 3 complex coherences

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

o ( hy (2 o ZJ
28 | = Iexp(iKzz')e % Jdz' m(W)=
gg - o
(4] D Yy = — <
- _qc) Io hy [2 o z'J 2
36 l, = Ie °03% )iz fy(z) =exp
> \ ;
Total | ~,- -
Coherence V(W.K,) = Vremp (K;) Yva (WK, )

For a Single Baseline
4 unknown parameters

Volume Height h

Topography ®o

G/V Ratio m(w) = f(pol)
fy(z) ...

1 parameter (0)

plus one more

Temporal Deco Y Temp

for repeat-pass implementations I
o L
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Traunstein Test Site







TanDEM-X: 2 Layer model with exp. volume reflectivity

=R

Volume Layer Ground Layer

Yvo (WK, ) = exp(ip,

)VV(K )+ m(w)
1+m(w)

- ( hy LZ (o] Z'J
28 | = Iexp(iKzz')e % )d4z' m(wW)
G - o
o & Yv=r 4
S -GC) lo hy [ﬂ}
36 l, = Ie °03% )iz fy(z) =exp
> \ A
Single Baseline Observation(s) Total | -~ - e For a Single Baseline
Coherence VWK, ) et Y0 (WK)
single-pol 4 unknown parameters
Yva (W4,K, ) Volume Height hy
Topography ®,

1 complex coherence

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

G/V Ratio m(w) = f(pol)
fy(z) ...

1 parameter (0)




TanDEM-X: 2 Layer model with exp. volume reflectivity + no ground

@ @ Volume Layer Ground Layer

o ( hy (2 o ZJ
Invertible with single-pol data % Q | = I exp(ik,z')e °%% gz
Ol
only if the ground topography ;') O vy, =— < v
9y is known II! g £ ; r [2%} £ (2) 20z
0 = B cosB, . 7) = ex
go \IO—J‘e dz v P cosB,
0
Single Bageline Observation(s o - ' i
g (s) cche;o::; TTK, ) -mbmmplti o (K, For a Single Baseline
single-pol 3 unknown parameters
Yva (W4,K, ) Volume Height hy

1 complex coherence

Topography ®o

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

fy(z) ... 1 parameter (0)




Bangladesh Mangrove Height 15 m

Largest mangrove forest in the world
24 single-pol. TSX/TDX data sets Sy
2011/01/22 - 2013/01/01: & . i - India
HoA=30m-80m

Bangladesh



//T;NDEM

==

TDX Interferometric Coherence Voo (K, )= o2 0

- e*2?2dz  The TanDEM-X forest height inversion problem is

- underdetermined (1 complex measurement for at

v

B W - J. frox(z) d least 3 real unknowns) and thus not solvable !
(o]
GEF = EL'k__JL_-TT; s
‘ ::-_i—‘- @ ar—= can be used to approximate the X-band (vertical) reflectivity profiles
ECOSYSTEM LIDAR = | —||=t

frox(2) = Pgepi(2)

U

: The TanDEM-X/GEDI forest height
P.eo(2) €dz / g

+ inversion problem is balanced (with 1

_eikz. 0
" L wd.  Yomplex g I{ ) for 2 real un-
%P“‘ @3 ‘e‘ P',“ T ivable !

hi Y LU

frox(2)

Ve

.‘.
Deutsches Zentrum

DLR fiir Luft- und Raumfahrt eV
in der Helmholtz-Gemeinschaft




TanDEM-X GEDI Fusion: Common Reflectivity Profile Estimation

Profile matrix

0.0 - £
A D
5 =027 N4 2
5 o
S —0.4 4 \t- / .
[ ) 52 2
3 -064 7 = ¥ §§
= y/ ) s
8 _os8q . R " E
| GEPI \E;\ L 4 vZ©
-1.0 iJ‘I r |éj T - T
9.5 10.0 10.5 11.0 11.5 Np = number of lidar profiles
Longitude [deg]
Profile covariance matrix:R =P PT=U A UT Eigen-decomposition of R
Eigen-Vectors (e.g. Eigen-Functions) Eigen-Values
1 ||Il'| T | | LI iJ 100
2 80
3 60
g
2 40
5
2 20
Lo gl Ll Lo o g a1y 0

The Eigen-Vectors can be used derive a “mean” vertical profile Rank

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

ik, T LB
i " b .




Common profile

Normalized height

150 200
Intensity

— TDX filter 5
~— RH98

TN, Forest helght (100 m resolution) from ~ 40 TanDEM-X acqmsmons + GEDI common

= profiles

.

GEDI RH98 (m)

20 30 40 50 10 20 30 40 50
Forest height (m) TanDEM-X height (m)
2, - ‘:rr -

60

L 3 .
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Coherence
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‘Forest Height Map

GEP.']J'EWaveforms




Corrected TDX forest height

20 30 40 50
GEDI forest height

Amazon Forest Height Map @25 m
> 12,000 TanDEM-X CoSSC Scenes

¢ > 60 M GEDI Waveforms

W EIA/E G N







Agriculture Pol-InSAR Applications

Rol=SAR

S 1= Shn  Shv S:w
Svi Sy Sw
[Sz — SI?IH SI?IV
Svn Swy
Bare Surfaces: Isolated Scattering Center Vegetated Surfaces: Volume Scatterers
* Low Entropy scatterers -> High polarimetric coherence * High Entropy scatterers -> Low polarimetric coherence

Agricultural vs. Forest Vegetation

Orientation effects in the vegetation laycr » Anisotropic Propagation

Increased Importance of Ground Scattering

Thinner / shorter vegetation layer » Large Spatial Baselignd

Short crop / plant phenological cycle » Short Temporal Baselines

Variety of crop / plant structure Abstract Modelling




0.84m

165 180 195
Day of Year

-= Estimated height
----In-situ height
1 10% uncertainty

Sensor: DLR’s F-SAR
Frequency: C-Band (=5 GHz)
Number of spatial baselines: 2
Max. temporal baseline: 90 minutes
Equivalent Number of Looks: 100

Height [m]

3.05m

180
Day of Year

-= Estimated height
----In-situ height
1 10% uncertainty

Height [m]







Frequency Dependency

0% HH
e With degreasing frequency:
= o,
E *The attenuation through the vegetation degreases;
; 0.4 *The relative importance of the volume decreases;
E *The relative importance of the ground increases;

=
Fa

*The effective scatterers and their distribution changes.

| @ 30° -

0.0 |; I | 1 ;l | | N I 1 T T I I | I |;

0 1000 20040 3009 4000 5400
Frequency [MHz]

P-band
L-band
X-band

Yy +m(w)

Y(W) = exp(ie, )

J (;. [ .m
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‘ﬂ; Traunstein forest (Germany) - Capon - HH
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Non-Volumetric Decorrelation Effects
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Amplitude Image
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Amplitude Image HH
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Remningstorp Test Site: Temporal Decorrelation: L-band
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Remningstorp Test Site: Temporal Decorrelation: P-Band
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Forest Height Maps from different Temporal Baselines: 10min-13days
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Polarimetric Coherence Tomography (PCT)




j @ Iﬁrimetric Coherence Tomography (PCT)

f(z) ... vertical reflectivity function

h

J‘ @eikzzdz
ik,z o)

Yvo (f(2)) = "% h
[ f(z) dz

Volume
Coherence

4

L o

h, éikh kzh,

— [ f(2) e‘kdez=hEv .................... j(1+f(z ) e 2 “dz’ !
! |

— hj f(z) dz=h5"_1[(1+f(z')) dz'

, , 2n +1 ,
Fourier Legendre Series: f(z') = Zanpn(z )  where a,= If(z )Pn(Z")dz
n

T 5 ~ = 3B



consultants

HYW Channel Profile

HY Channel Profile

height(m
heiggt(rm

i
a0

5 10 20 30 4 5 61 70 60 @0 0 20 40 B0 100 120 140
Azirmuth {m) Azirnuth {m)
10m Uniform Hedge 17m Scots Pine Forest

Simulations courtesy of Mark Williams:

S.R. Cloude, D.G. Corr, M.L. Williams, “Target Detection Beneath Foliage Using PolInSAR”, Waves in Random Media, vol. 14, pages S393 - S414., 2004

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

holtz-

nsch




690 ,

Topo Height [m]

L ' Mixed Forest Stands
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A Mature Spruce Stands

Topo Height [m]

Test site: Traunstein, Germany, L-band @ HV Polarisation



Polarimetric SAR Tomography (TomoSAR)




@ @ @ @ @ @ @ SAR Tomography

. vertical reflectivity function
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f(z) ... vertical reflectivity function
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Vertical Wavenumber: K, =
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‘ﬂ; Traunstein forest (Germany) - Capon - HH
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Dependence on frequency: L- vs P-band

L-band (23cm)
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i DLR Traunstein site (Germany), 4 tracks L / 5 tracks P, E-SAR, Capon




Dependence on frequency: L- vs P-band 0 B
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Dependence on frequency: L- vs P-band

L-band (23cm) P-band (80cm)
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|

Traunstein site (Germany), 4 tracks L / 5 tracks P, E-SAR, Capon




Temporal variations at L-band (Capon)
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Reflectivity
- Profiles
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Vertical structure CM (Radar 2008) ‘;mn

Old-mixed
Young

Forest Structure Classification (25x25 m): Traunstein, Germany, 2008 / 2012
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OCOCOCOCOO  *immm
... beyond profiles

Single-pol coherences

Ground Layer Volume Layer
o - Bl - Puve > -8R+ fPurs
Assumption : f5(z) = 8(z — zg)
fa(2)
—— 0 |

Ps, Py : backscattering powers (single-pol)

e, 'y : multi-baseline coherence matrices

From single-pol to full-pol, Random volume assumption: RP = - + Cv X rv g:(;r:i::tlzr&r:(e:)ker

Cs, Cy : polarimetric covariance matrices

In both single and multi polarimetric cases, even under an RVoG assumption and independently on the
number of baselines, the separation of ground / volume INSAR coherences and polarimetric covariances

does not admit a unique solution !!
[T. Marzetta, IEEE-Proc. 1983 — S. Tebaldini, IEEE-TGARS 2009]
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The Sum-of-Kronecker-Products

R =- + Cu®T Sum of Kronecker
» It extends Pol-InNSAR concepts to TomoSAR P V="V Products (SKP)

» Based on simple algebraic tools

I:G,V, EG,V= arg min | Rp - [ C;®Mg + C,® ]I 2

I-G,Vf CC,V

Baseline 1

ls=aR;+(1-a)R,

r,=bR,+(1-b)R, >
Ce=[(1-b)C,—bC,]/(a= b)

C,=[-(1-a)C;+aC,]/(a- b)

Baseli

\

) R, R, from SVD of a permutation of Rp

(a,b) are free parameters, bounded in order

Baseline 3

[S. Tebaldini, IEEE-TGARS 2009]

to provide positive (semi-)definite matrices

» It is an unconstrained Least Squares fitting, with no additional external knowledge ’
» The separation ambiguity is transferred to two unknowns scalar parameters

;’lﬂ'{ﬂ" A
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Ground solutions

All the feasible ground coherence matrices are on the Pol-
INSAR line segments outside the coherence region, under the
positive (semi-)definiteness constraint.

M6 @ =t || 3 ‘mi"q'b"‘\j‘“\'““\\f\ﬂ"
10 m-|- EM rld T o L

: RNy WO, W

Cj)» wf‘lj\]h' l‘ll i n-huﬂ L.!f:.'ﬂ‘

<

é Azimuth (1.2 km)
DLR Traunstein forest (south of Germany) — L band — DLR’s E-SAR, 7 tracks — Capon



Volume solutions

All the feasible volume coherence matrices are on the Pol-
INSAR line segments outside the coherence region, under the
positive (semi-)definiteness constraint.

[ | 50 m-+
NV @ U = Umin §
-10m—
'*’f AR

5 Jv
(o) ' \ )
£ l
(2]
3
(@]
S
®
g

| |
[ [
é v Azimuth (1.2 km)
DLR Traunstein forest (south of Germany) — L band — DLR’s E-SAR, 7 tracks — Capon



Dependence on polarization & frequency

L-band

P-band

Lexicographic basis
HH vs HV

Maximum ground vs
Maximum volume

Lexicographic basis
HH vs HV

Maximum ground vs
Maximum volume

i DLR
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Ground powers / polarimetry solutions

All the feasible ground covariance matrices are on the Pol-
INSAR line segments outside the coherence region, under the
positive (semi-)definiteness constraint.

Capon estimates
With known ground

Ground power, HH

CG @ M= “min

Cs @ decreasing p

<

E DLR Traunstein forest (south of Germany) — L band — DLR’s E-SAR, 7 tracks — Capon
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Polarimetric SAR Interferometry
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Coherence Region (CR) Interpretation

e Pl g9 e P
Radial Shaped CR Arc Shaped CR Elliptical Shaped CR

i.e. INSAR coherence amplitude i.e. INSAR phase center location changes i.e. INSAR coherence magnitude and

changes with polarisation but not with polarisation but not the absolute value  phase center location changes with

the location of the phase center. of the coherence amplitude. polarisation.
Surface Scattering (Polarised) Coherent scaterrers (Depolarising) Scaterrers
Yvol =1 at different heights at different heights

Y(W) =Venr(W) Yvo = Yeng(W)
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