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Abstract

This work presents a methodology to separate the ground
and volume contributions from compact polarimetric SAR
interferometric (PolInSAR) data over forest areas. One can
decompose the PolInSAR data into two covariance matrices
from ground and volume in a particular resolution cell, rely-
ing on the assumptions of the two-layer model. We demon-
strate this approach using simulated single baseline com-
pact polarimetric SAR data of the BioSAR-2008 mission
over boreal forests in Northern Sweden.

1 Introduction

Polarimetric SAR Interferometry (PolInSAR) provides the
advantage of getting the interferometric response of each
pixel for various polarimetric combinations. Since the po-
larimetric response is sensitive to the scattering mecha-
nisms, PolInSAR might help to get the detailed scattering
characteristics within a resolution cell.

In this regard, coherent models based on two-layer assump-
tions have been used in forest and agriculture domains. Pri-
marily, the assumption of a volume layer on top of the
soil layer enables the estimation of different biophysical
characteristics of the vegetation [1, 2]. Lopez-Sanchez et
al. [3] estimated the vegetation height over winter rape and
maize fields using airborne PolInSAR data. Later, Lavalle
et al. [4] demonstrated the PolInSAR technique for compact
polarimetric SAR data to characterize the forest canopy
properties. This work demonstrates the separation of radar
response of the ground and volume component within a res-
olution cell using compact polarimetric SAR data.

2 Methodology

Single baseline PolInSAR measurements consist of full po-
larimetric responses of the target from two different inci-
dence angles. In this regard, the single baseline coherency
matrix Ts can be written as,

Ts = ⟨kkH⟩=
[

T11 Ω12
ΩH

12 T22

]
(1)

where, k is the Pauli basis vectors for two acquisitions in a
single baseline, k =

[
kT

1 kT
2
]T and H indicates the complex

conjugate. The Hermitian matrices, T11 and T22 denote the
polarimetric contributions of the two acquisitions, whereas

non-Hermitian Ω12 is the polarimetric as well as inter-
ferometric contribution. For compact polarimetric case,
T11,T22,Ω12 ∈ C2×2. Also, for compact polarimetric case
(left circular transmit), ki can be expressed as, ki∈(1,2) =

1√
2
[SHH + j SHV ,SHV + j SVV ]. Here, Sxy(x, y→H,V ) are

the elements of the scattering matrix of a full polarimet-
ric acquisition. Ts is a complex Hermitian positive semi-
definite 4×4 matrix.

According to the two-layer model assumptions, one can de-
compose the scattering phenomenon within a resolution cell
into two physical constituents; the impermeable soil layer
to the electromagnetic wave and a volume layer of vegeta-
tion canopy on the top of the soil layer. The concept of the
two-layer model is also extended in interferometry, such as
the Random Volume Over Ground (RVOG) model [2] and
the Interferometric Water Cloud Model (IWM) [1]. More-
over, according to Cloude et al. [5], one can extend the
scalar formation into a vector formation using a complex
vector, w, indicating different random scattering mecha-
nisms. After projecting this complex vector, w onto the
scattering vectors, ki∈(1,2), the coherence between acquisi-
tions i and j, γi j(w) can be expressed as,

γi j(w) =
wH Ω12 w√

wH T11 w ·wH T22 w
(2)

2.1 Ground and volume coherency matrices
separation

According to the two-layer model, one can separate the re-
sponse of a resolution cell into the ground (soil) and volume
components. Therefore, the polarimetric covariance matri-
ces (T11,T22) as well as the the polarimetric-interferometry
matrix (Ω12) can be written as,

Tii = Tg +Tv (3)
Ωi j = γ

g
i jTg + γ

v
i jTv (4)

where Tg and Tv are the 2 × 2 Hermitian positive semi-
definite ground and volume coherency matrices, respec-
tively, and γ

g
i j and γv

i j are the ground and volume inter-
ferometric coherences, respectively. Now, if we replace
the components of equation (3) and equation (4) in equa-



tion (2), we get,

γi j(w) =
wH Ω12 w√

wH T11 w ·wH T22 w
=

γ
g
i jµ(w)+ γv

i j

1+µ(w)
(5)

These ground and volume coherences can be defined as,

γ
(p)
i j =

∫
F p(z)e j kz(i j)z dz∫

F p(z)dz
(6)

where, kz(i j) is the vertical wavenumber between acquisi-
tions i and j, F p(z) indicates the vertical characteristics of
the canopy and p ∈ (g,v). Therefore, it can be seen from
equation (5) that the coherence γi j(w) is the linear segment
defined by γ

g
i j and γv

i j with a control parameter, µ(w). This
control parameter, µ(w), is known as the ground-to-volume
ratio. µ(w) is defined as,

µ(w) =
wH Tg w
wH Tv w

(7)

Further, the coherency matrix, Ts can be decomposed as the
sum of the Kronecker products [6] as,

Ts = Rg ⊗Tg +Rv ⊗Tv (8)

where, Rg and Rv are the 2× 2 structure matrices of the
ground and volume, respectively. In order to reduce the
polarimetric variability, a pre-whitening filter could be ap-
plied, which produces the interferometric coherences as the
numerical range of the Πi j matrices. Accordingly, the diag-
onal elements of the structure matrices, Rg and Rv reduce
to unity, whereas the off-diagonal elements represent the
coherences γ

g
i j and γv

i j. Therefore, one can write the matrix
as,

T̃ = P− 1
2 Ts P− 1

2 =

[
I Π12

ΠH
12 I

]
(9)

where, P =

[
T11 0
0 T22

]
Therefore, after pre-whitening equation (3) and equa-
tion (4) can be written as,

I = Tgn +Tvn (10)
Πi j = γ

g
i jTgn + γ

v
i jTvn (11)

where, Tgn and Tvn are the pre-whitened ground and vol-
ume coherency matrices, respectively and I is a 2×2 iden-
tity matrix. Therefore, when the ground and volume coher-
ences are known, the matrices Tgn and Tvn can be written
as,

Tvn = H

(
Πi j − γ

g
i jI

γv
i j − γ

g
i j

)
(12)

Tgn = H

(
Πi j − γv

i jI
γ

g
i j − γv

i j

)
(13)
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Figure 1. The Same Sense (SC) and Opposite Sense (OC)
components for actual master image (org) and ground (grd)
and volume (vol) responses using a slave image of spatial
baseline of 16 m.

here, H(A) denotes the Hermitian part of a matrix A,

H(A) =
A+AH

2
. For a single baseline case, the simple as-

sumption is that the position of γ
g
i j is at the unit circle with

the known phase. Therefore, one can draw the coherence
line between γ

g
i j and the center of the mass of the coher-

ence region, tr(Π)/2. Further, the volume coherence can
be estimated following the line until the end of the coher-
ence region. This technique essentially ensures that both
Tgn and Tvn are positive and semi-definite. However, one
might note that all points outside the coherence region are
valid as a volume coherence point. Hence, this estimate re-



Figure 2. Histogram of the scattering type parameter for
master image (θ a

CP), ground response (θ g
CP) and the volume

response (θ v
CP) for 16 m baseline slave image.

mains ambiguous. However, according to single baseline
PolInSAR it is quite common to fix γv

i j at a point where,
µmin = 0. This assumption helps to get a ground coherency
matrix of rank-2, i.e., a possible combination of a single-
bounce and a double-bounce scattering mechanism.

The scattering-type parameter introduced by Dey et al. [7,
8] identifies diverse scattering characteristics from canon-
ical and distributed targets with the help of 3D Barakat
degree of polarization and the elements of the coherency
matrix. In order to identify the changes of the scattering
mechanisms from the original to the ground and volume
coherency matrices, we have utilized the scattering type pa-
rameter, θCP ∈ [−45◦,45◦]. For compact-pol SAR data θCP
is defined as,

tanθCP(p) =
mCP(p) S0(p)

(
OC(p)−SC(p)

)
OC(p) SC(p)+m2

CP(p) S2
0(p)

(14)

where, S0(p) is the total power, OC(p) = (S0 + S3)/2 is the
opposite sense component, SC(p) = (S0−S3)/2 is the same
sense component and S3 is the fourth Stokes element repre-
senting the coherent circular scattering component.

3 Results and Discussion

We have assessed the ground and volume separation us-
ing the BioSAR2008 campaign data in this work. The
BioSAR2008 campaign consists of L- and P-band fully po-
larimetric airborne ESAR data. In this work, we have uti-
lized the P-band data of 14th October 2008. Five different
spatial baselines dataset, approximately at −8 m, 8 m, 16 m,
24 m and 32 m are used to assess the polarimetric contribu-
tions for ground and volume components. The Same Sense
(SC) and Opposite Sense (OC) images of the master data
(org) and the separated ground (grd) and volume (vol) re-
sponses are shown in Fig. 1. We have also shown the his-
togram of the scattering type parameter in Fig. 2.

One can see from Fig. 1 that the SC component in the vol-
ume response is high due to the asymmetric scattering from
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Figure 3. The entropy (H) and Degree of Polarization
(DoP) components for actual master image (org) and for
ground (grd) and volume (vol) responses using a slave im-
age of spatial baseline of 16 m.

the canopy structure. Alternatively, the OC component is
much higher in the ground response. However, the ground
response affects the double bounce scattering in some cases
due to the trunk and soil interface. Hence, we can observe
high SC components in some areas.

The separation of ground and volume response can also be
supported by the scattering type parameter (θCP) as shown
in Fig. 2. One can see that the median of the histogram of
the master image lies around 30◦, indicating a mixture of
volume components and symmetric with asymmetric scat-
tering components. This separation of the volume compo-
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Figure 4. The variations of the scattering type parameter
of ground (θ g

CP) and volume (θ v
CP) for spatial baselines of

−8 m, 8 m, 24 m and 32 m.

nent from the symmetric-asymmetric components can be
adequately seen from the histogram of ground (θ g

CP) and
volume (θ v

CP) components. The median of θ v
CP is around

0◦, indicating the response from the volume component as
either diffused or an equal mixture of regular and irregular
scattering. In contrast, the median of θ

g
CP around 42◦ in-

dicates the major scattering component towards the single
bounce scattering. However, we can observe a stretch of
θ

g
CP from ≈ −30◦ which is due to the double bounce scat-

tering from the trunk-soil interface, as mentioned earlier.

We have also shown the entropy (H) and Degree of Polar-
ization (DoP) plots in Fig. 3. One can see that the values

of H in the ground component are lower than those of H in
the volume component due to the assumption of a random
volume of vegetation on the top of the soil in the model.
Moreover, the DoP values in the ground component are
higher than the volume component. These higher values es-
sentially indicate the canonical scattering mechanisms from
the ground. The images of θ

g
CP and θ v

CP over other baselines
are shown in Fig. 4.

4 Conclusion

This work demonstrates an approach to separate the ground
and volume contribution from a single baseline PolInSAR
measurement. A common procedure to fix the volume co-
herence at the end of the coherence region is followed to
get the uniqueness in the volume component and gener-
ate a rank-2 ground component. The obtained ground and
volume components provide better separation capability in
terms of the scattering type parameter (θCP) and the scatter-
ing entropy (H) as well as the Degree of Polarization (DoP).
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