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Abstract. Polarimetric Synthetic Aperture Radar Interferometry (PolInSAR) has been
extensively applied for forest parameter inversion over different frequencies and polarimetric
conditions. So far, most research was based on full-pol SAR images with relatively small
coverage. A spaceborne SAR system will have the potential for PolInSAR applications used
for global forest monitoring. Spaceborne dual-pol SAR images usually have higher resolution
and larger swath than full-pol mode. In this paper, forest height retrieval was attempted by
PolInSAR from a L-band spaceborne dual-pol SAR pairs using HH and HV channels. The
random volume over ground (RVoG) model was used to retrieve the height and the coherence
optimization method was extended to the dual-pol PolInSAR, which makes use of polarimetry
to enhance the quality of SAR interferograms. The three-stage process is also used in the dual-
pol PolInSAR technique. Finally, the experimental test was performed for forest height
estimation on the dual-pol L-band SAR data of the Saihanba forest acquired by the ALOS
PALSAR sensor in 2009.

1. Introduction

Estimating the height of worldwide forest is crucial to help scientists better understand forests and the
role they play in environment and global change [1] - [3]. Remote sensing technique is, nowadays, the
most effective means to retrieve forest height at regional and global scales for its large scale and real-
time characteristics. Microwave can penetrate the forest volume layer and get to the ground surface,
and then the back signal contains the information of the forest vertical structure, which makes
synthetic aperture radar (SAR) be potential to retrieve the forest parameters.

Polarimetric Synthetic Aperture Radar Interferometry (PolInSAR) is a technique to identify and
separate the vertical scattering phase centres of the natural green forest media in polarization signal for
the purpose of classification and parameters estimation. Three-stage inversion process is one of the
most frequently used methods with PolInSAR data for extracting forest height [7], [8], [10].

At present, PolInSAR technique is mostly based on the full-pol SAR images. The theory
foundation of PolInSAR is the random volume over ground (RVoG) model [6] which is a two-layer
coherent scattering model. This model is established firstly to describe the vegetation parameters, and
then the polarization and interferometry are unified by defining a complex interferometric coherence.
Full-pol SAR system can provide the more information than dual-pol mode, but is usually with the
lower spatial resolution and the smaller swath. In this paper, we demonstrate that the forest height is
retrieved by dual-pol PolInSAR technique using L-band HH+HV channels image pairs, and finally,
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we perform a preliminary experiment of dual-pol PolInSAR using ALOS PALSAR images over the
Saihanba National Forest Park, in Hebei Province, China.

2. Two-layer random volume model

Two-layer random volume model was first proposed by Treuhaft [4], [9], described the forest as a
volume of randomly oriented particles over a ground surface. Forest is assumed as a homogeneous
volume of randomly orientated particles characterized by the constant mean extinction coefficient o.
The attenuation in the volume is modelled as an exponential function. Then the complex coherence of
the random volume over ground can be expressed as

i o + (W)

Pw) = et S
= eit (Vv o f:(;”()W) (1- m)
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w presents the variable affected by the polarization w. u(w) is ground to volume ratio, which depends on
the polarization; L(w) is real non-negative, and lies in the range 0 < L(w) < 1, with limits occurring at
one end for pure volume scattering (Ju= 0), and at the other by pure ground scattering (J1= «); y,, is the
complex coherence for the volume alone and can be expressed as

p = 20 hy ik,z (202)/cos
W= cOseo(e(zahv)/wsf)o_l) fO e e dz. (2)

. . .. . . 4mB
o is attenuation coefficient; k; is the wavenumber, defined as k, = ARZHZ .
0

3. Dual-pol polinsar technology

3.1. Complex coherence coefficient of PolInSAR
In a full-pol PolInSAR system, assuming reciprocal scattering, the common representation of the
coherency matrix T is estimated by 3-D Pauli-scattering vectors k; which is given by

ki = v% [Suui + Syvie  Suui — Svver 2Suvil” (4)
T Qo . kq
T=kkT=[ ] w1thk=[ ] 5
o =W =lar, 1, ks ©)
where i = 1, 2 represents the interferometric image pairs, and ' indicates the matrix transposition

operation. Sy, Swwi and Spyi are elements of the polarimetric scattering matrices. T; corresponds to
polarimetric coherency matrix of scattering vector k;, and €, is the polarimetric interferometry between
kl and kz.
For the vector interferometry, the scattering vectors k; and k, are projected onto the normalized
complex vectors w; and w, respectively, the scattering coefficients g and b
g = wilky
Hp = W;Tkz
where w; = [Wi1 Wiz W;3]T represents the ith scattering mechanism.
Assuming w;; = wj, in equation (6), the VV channel will be removed from the scattering
coefficients py and b, and then they can be expressed only by the two channels HH and HV, which
means that the dual-pol PolInSAR is the subspace of full-pol mode. And then the equations (4) and (6)
can be simplified as

(6)
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= wilky

L = wiTk with  w; = [Wi1, Wip]T (8)
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Same as the full-pol mode, the scalars can be interpreted as the complex scattering coefficients for
the scattering mechanisms Ly and b. This notation allows us to express the interferometric coherence
as follow

— o mpy) (w1 [Q45]ws) )
VOB T )3T [Tz )
with 0 < |y| < 1. Where * means complex conjugation and ( ) indicates the expectation value.

3.2. Coherence optimization

The purpose of the optimization is to find the polarimetric scattering mechanisms w; and w, that make

|y| maximum. For the dual-pol complex coherence coefficient defined in equation (9), and according to

[4], [5], the optimization problem can be inverted to the eigenvalue equations.
[T11]7 [Q12][T22] Q2] Ty = vwy (10)
[T22] [ Q2] T [T11] 7 [ Qg2 ]w, = vw,

The two 2 x2 matrices in (10) are still not Hermitian, but have real nonnegative eigenvalues. w; and
W, are 2 x1 vectors, which can generate the maximum and minimum optimal coherences.

4. Experimental results
We selected the Saihanba National Forest Park, located in Hebei Province, China, as the test area. The
extent from east to west is about 23 km, and about 8 km from south to north, and the altitude from 1010
m to 1500 m. The trees in this park are somewhat homogeneous, including larch, spruce and Lodgepole
pine, and so on.

In this study, two dual-pol ALOS PALSAR images were acquired over the Saihanba Forest Park on
Jun. 24 and Aug. 9, 2009 respectively. ALOS PALSAR worked on L-band with the center wavelength
23.6 cm. For the long wavelength, the signal can penetrate the forest canopy and even reach to the
ground surface, and the returns of polarizations include different volume and ground information. The
location of this Park and the polarimetric ¢° map of the dual-pol PALSAR data are shown in Figure 1.

saanba

\ L@
Figure 1. (Left) Location of the Saihanba National Forest Park; (Right) Polarimetric o~ map of the
dual-pol PALSAR data, and the RGB coding: Red color corresponds to the intensity of HH
backscattering, green to HV, and blue to HH-HV.

The coherences of the interferometry generated by HH-HH, HV-HV and the two optimum
scattering mechanisms, we used a 3 %< 3 average window to reduce the interferometric phase variation.
The coherence maps of the HH-HH, HV-HV, and the two optimum mechanisms are shown in Figure 2
and 3.

Figure 2. Coherence maps of the interferograms generated by HH and HV channels (Left: HH-
HH. Right: HV-HV)
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Figure 3. Coherence maps of the interferograms generated by the optimum scattering
mechanisms related to the first (left) and the second eigenvalue (right)

5. Result and conclusions
The tree height was retrieved by the dual-pol PolInSAR technique, which shows the potential of this
technique for the tree height inversion (Figure 4). And in next work, we will analysis the accuracy of
the result.

Figure 4. Tree height inversion by the dual-pol PolInNSAR

Dual-pol PolInSAR technique by the HH and HV channels is still effective for forest parameters
retrieval with higher resolution and larger swath. However less information than the full-pol mode
makes the linear regression process based on only the complex coherence with HH, HV channels and
the corresponding optimum scattering mechanisms. For the L-band and homogeneous forest, the
complex coherence points are not large dispersion from the regression line, the effect of the fewer
channels still can be accepted.

In the other hand, the temporal deccorrelation should also be considered in the repeat pass system,
especially the time interval is large. The coherence with temporal decorrelation is expressed as

7 =e®(veFo + LWL — v:7)) (11)

The SAR system on co-flying two satellites in a close formation will reduce the temporal
decorrelation, which enable highly accurate interferometric measurement. In additional, for the longer
wavelength such as spaceborne P band SAR system, the ionosphere effect must be considered.
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