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ABSTRACT

This paper proposes a method to increase the accuracy in estimating forests height using
polarimetric interferometry UAV-SAR images. The forest parameters extracted by the proposed
method are implemented through three stages. The topographic phase and mean extinction
coefficients can be determined in the first two steps through analyzing eigenvalues of the
interferometry coherence matrix. The forest height is restored in the final stage based on the
determination of a complex interferometry coherence factor for the canopy scattering
component. The effectiveness of the proposed method are evaluated with UAV-SAR data from
NASA/JPL’s AfiSAR project.
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1. INTRODUCTION

Forest height is one of the essential parameters for forest managing, monitoring, and
protecting activities. Along with the powerful development of science and technologies, many
measures have been applied to improve the efficiency of forest managing, monitoring, and
protecting. Nowadays, the PolInSAR system in general and the UAV-SAR system in particular
still present outstanding advantages in extracting forest parameters [1-3].

In recent years, along with the robust development of the PolInSAR system, many models
and algorithms have been introduced to improve the efficiency of estimating forest parameters
using PolInSAR data [4-6]. In this field, Cloude was one of the pioneers in proposing a way to
determine forest parameters by the inverse forest method. The three-state inversion algorithm [4]
is based on a random volume scattering on the ground (RVoG) model [6]. One of the
disadvantages of this approach is that the accuracy of the topographic phase depends
predominantly on the number of polarization channels used. Determining ground phase requires
a long calculating time, whereas the accuracy is low, especially in forest areas with high trees
density. Another drawback of this algorithm is the assumption that is a polarization channel
particularly dedicated to the scattering component from the canopy. Therefore, the forest height
and mean extinction coefficient obtained by this way is not very accurate and is often
considerably lower than the actual forest height.

In 2018, Tayebe posed a solution to optimize the complex polarimetric interferometry
coherence coefficient [7] to improve the efficiency of forest parameter estimation of the three-
state inversion method. In this technique, Tayebe still uses the method of finding the suitable line
to determine the terrain phase. Then, the authors search for the conditional optimal coherence
coefficient in the unambiguity region on complex unit circle. Finally, the forest height is
extracted by comparing the optimization complex polarimetric interferometry coherence
coefficient with the complex polarimetric interferometry coherence coefficient of HV channel.
Tayebe approach has somewhat improved the efficiency of forest height estimation of the initial
three-state inversion method mentioned [3]. However, this method still assumes that the optimal
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coherence coefficient only has the volume scattering component with no surface scattering
component (,u(a))zO) and it still uses the method of finding the line fit to estimate the ground

phase. Because of these two disadvantages, the efficiency of Tayebe mode [7] in estimating
forest height is not very high and does not accurately reflect the scattering process in the actual
forest environment.

Based on the above analysis, this paper proposes a new process to improve the accuracy of
forest height estimation. The proposed method is carried out through three steps. Firstly, an
eigenvalue analysis algorithm combined with new constraint conditions to determine two
optimal complex polarimetric interferometry coherence coefficient which is specific for the
volume and surface scattering component. Then, the surface phase is determined based on the
intersection point of the line through these two polarizatric channels with the complex unit circle.
Finally, a three-dimensional lookup table is built to extract forest parameters based on two
optimal polarizatric channels. This method not only improves the quality of the surface phase
parameter but also overcomes the incorrect assumptions of the three-state inversion algorithm [3]
and Tayebe proposal [7].

2. METHODOLOGY

2.1. Determine the optimal polarizatric channels based on eigenvalue analysis

For the case of backscatter in the reversible environment, the Pauli backscatter vector of each
POISAR system is described as follows:

N
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In this equation, Spvq(p,qz{h,v})are complex scattering coefficients and i1=1,2 represents

two PoISAR systems respectively. The data received from the PolInSAR systems is usually
featured by a 6x6 complex coherence matrix, and is represented in (2).
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In this equation, [T1;] and [T,] are Hermitian polarimetric coherence matrices describing the
polarizatric properties of the target obtained from each individual POISAR system, [Qg,] is a

complex matrix containing the information on interference and polarization of the target. The <o>

operator represents the overall average in data processing and the (-) operator represents the

conjugation. To determine the complex interferometry coherence coefficients that characterize
the direct scattering components from the tree canopy and the ground, a T matrix is defined as
follows [7].

o - Q,e"+Q,.e "

r=[rpe o2 ©
T~ 2

2
In which, y (l// € (0,7[)) is a free phase parameter added to the matrix Q;,. This addition does

not change the intensity of the scattering components, but shows its effect in determining the
interference phase of the scattering components. Next, we take N values of the free phase in the

range(0+7r), and get a set of N corresponding I'matrices. After analyzing eigenvalue and
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eigenvector for these N T matrices, we will get two sets of eigenvectors corresponding to the
maximum and minimum eigenvalues. These two sets of eigenvectors are defined as follows:

Wmax = {a)lmax a)2max a)N max}

Wmin = {a)lmin a)Zmin wN min}

It is obvious that these two sets of eigenvectors correspond to two sets of polarizatric vectors
which are respective to the direct scattering component from the tree canopy and the ground.

Equation (4) determines the complex interferometry coherence coefficients for these scattering
components as follows:

(4)

H

~ _ a)i maxglza)i max
7imax - a)H T
T v i=1,2,...,N (5)
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Corresponding to the complex polarimetric interferometry coherence coefficients( Vimax 77mm) ,

we choose a set of complex polarizatric interferometry coherence coefficients that satisfies the
condition (6).
{arg(j;imax)zarg(j;HV) (6)
arg(?imin ) < arg(?HH—W )

In which arg(.) is the argument function of the complex number. Then the optimal complex
polarizatric interferometry coherence coefficient pair representing the direct scattering
component from the tree canopy and the ground is determined based on condition (7).

D :||77imax_77jmin

i=1,..L,j=1,.M

()

In this equation 7, is the complex polarizatric interferometry coherence coefficient that
characterizes the direct scattering component from the tree canopy and 7., I the complex

polarizatric interferometry coherence coefficient that characterizes the direct scattering
component from the ground.

2.2. Estimate the ground phase

Accuracy and stability in estimating the ground phase play a decisive role in the effectiveness
of forest parameter recovery algorithms using remote sensing radar images. In order to improve
the accuracy of evaluating terrain phase estimation and reduce the calculating time, we propose
to use the method of optimizing the interferometry coherence region.

According to the theory of backscattering of radar waves in the natural environment [8], it can
be seen that 7, corresponds to the scattering component from the tree canopy and 7.

corresponds to the direct scattering component from the ground. We draw a line passing through
two points (77VO,,}7gmuﬂd) on the complex plane and this line intersects the complex unit circle at

two points A and B (figure 1).
Then the ground phase ¢, will be determined according to formula (8).

¢0 =arg {?ground - (1_ K)fvol } (8)

In which K is the solution of the quadratic equation:

Tap chi Nghién cieu KH&CN quén sw, Sé 77, 02 - 2022 15



K7 thugt diéu khién & Dién tiv

AK? +AK +A, =0
I S L ®)
2A,

With A\) :|77vol |2 -1, Al :ZRe{(j;ground _?vol)j;vol}’ AZ =|77ground _j;vol

A Im

-1
Figure 1. Present the complex polarizatric interferometry coherence coefficients
in the unit circle.
2.3. Estimate forest height based on the optimal loop

Previous forest height conversion methods [3-7] often assumed that there was always a
polarization channel representing the canopy scattering component with the least contribution of
the dihedral and ground scattering component. In fact, each polarization channel is a combination
of many different scattering constituents [9] and this is one of the main causes of errors in
extracting forest parameters in previous methods.

In this paper, a solution to find a complex polarimetric interferometry coherence factor for the
direct scattering component from the canopy is proposed to overcome the disadvantages of
previous forest height conversion methods. We know that, if we know the complex polarimetric
interferometry coherence parameter for the tree canopy scattering component in advance, we can
totally estimate an interferometry coherence coefficient for any polarizatric channel as follows [10]:

. y Torm(eo) .
Vet (@)= Tem(e) =e[7, +L(0)(1-7,)] (10)
In which m(a)) is the scattering power ratio between the ground scattering and the tree

canopy scattering component, and L(&)=m(w)/(1+m())is a real factor in the range from 0

to 1. y,is the complex polarizatric interferometry coherence coefficient for the direct scattering
component from tree canopy, and this coefficient is defined as follows [2].

20h, .
exp| ————~—-cos k'h cosa |1
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s B 20 . -a)
7V(m,a)—26+ jk; cos(6—a) 2ch, cosa ()
=P cos(0-a))
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In which h, is the height of the forest, k;=k,sin@/sin(6—«) is the standing wave

coefficient on sloping terrain. o and © are the slope of the terrain and the incident angle of the
SAR system, respectively. The purpose of the proposed method is to find a polarizatric channel
that most closely reflects the complex polarizatric interferometry coherence coefficient for the
scattering element from the canopy, that is, it has the least contribution of the remain scattering
component. Next, we construct a three-dimensional lookup table according to the parameters
h,€(0,2z/k,), o<€(0,1) dB/m and L(w)e(0,1) to achieve the complex polarizatric

interferometry coherence factor based on expression (10). Finally, the forest parameters are
extracted based on the following condition:

mi n ||7vol - 77est|| (12)
h.o,L(®)

It is clear that the optimal coherence coefficient determined based on the proposed method
has improved the efficiency of estimating forest height of the proposed method. The way to find
the ideal complex polarimetric interferometry coherence coefficient of the proposed method has

overcome the assumption m(a))zo of the previous method and has simultaneously improved

the efficiency of the estimated forest parameters. The effectiveness of the proposed method will
be verified with UAV-SAR data in the next section.

3. EXPERIMENTAL RESULT

To evaluate the effectiveness of the suggested method, we apply it and the Tayebe one to the
data set collected by the open-surface synthetic radar mounted on unmanned aerial vehicles
(UAV- SAR) of NASA/JPL under the AfriSAR project. The radar operates in L-band, with the
incident angle from 21° to 65° and baseline from 0 m to 160 m. Accordingly, this dataset
provides PolInSAR images to calculate the height of tree canopy in Lope National Park in
Gabon. Both datasets were measured on February 25, 2016 by NASA's association with ESA and
the Babon Space Agency.
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020°S 0.10°S  0.00°S

0.30°S

0 60m
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Figure 2. Image of the researched forest area: (a) Optical image from Google Earth;
(b) LiDAR image.

The researched area is mountainous terrain with different slopes, rich and different types of
forest resources and different trees heights. In order to accurately assess the forest height of the
study area, the project has published the LIDAR measurement data corresponding to each stand.
LiDAR measurement data will be used as a reference to evaluate the accuracy of the proposed
method. LIDAR data downloaded from the Distributed Active Archive Center for
Biogeochemical Dynamics (ORNL DACC) are respectively shown in figure 2(b).
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Figure 2(a) shows an optical image of Lope Park, Gabon from Google Earth. Since the data of
the forest area provided by the UAV-SAR system is large (with (8618 x 4922) pixels). Therefore,
a small area has been separated for analysing and valuating forest parameters. The survey areas
have been placed into optical images from Google earth and signed as KV1 and KV2, each of
which is (500 x 500) pixels in size.
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Figure 3. Area 1: (a) Forest height results estimated by the proposed method,
(b) Effectiveness of the proposed method and LiDAR data.

Tayebe Method KV1
148 48
‘ y=0.86x+1.5
40 40 R_, ~0.7

IS ¥ RMSE =4.12

=
= 30
=
T s
.‘ : -
=
&
20 2 20
2
15 : 15 >
~
10 = 10
s s
i 0 0
SO 100 150 200 250 300 350 400 450 0 S 10 15 20 25 30 15 40 45
Azimuth (pixel) LIDAR (m)
(@) (b)

Figure 4. Area 1: (a) Forest height results estimated by Tayebe method,
(b) Efficiency of Tayebe method and LiDAR data.

The results of forest parameters in the KV1 survey forest area estimated by the proposed
method and the Tayebe’s (figures 3 (a), 4 (a)) show the similarity between the forest terrain and
the actual terrain. However, the forest height estimated by Tayebe method [7] often tends to be
higher than the forest height obtained by the intended method. In addition, the results in figure
3(b) and figure 4(b) show a comparison between forest heights extracted from LiDAR data and
methods at KV1. In which, the parameter R? depicts that the correlation between the forest height
extracted from LiDAR data with the recommended method is 0.862 while the Tayebe manner
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has a lower value ( R? =0,746). Additionally, the root

mean square error of the proposed method

is 3.38 (m), which is smaller than 4.12 (m) of Tayebe approach.

Proposed Method KV2

- ._ﬁ\. R E] 45
e . ot e "“.'-'?‘ :
PR Ty . .
= el o -
1004 " - L

Proposed Method (m)

SO 100 150 200 250 300 350 400 450 0
Azimuth (pixel)
(@)

y=125v+2.17
R® =0.862
RMSE = 4.06

S 10 25

15
LIDAR (m)
(b)

20 45

Figure 5. Area 2: (a) Forest height results estimated by the proposed method;

(b) Effectiveness of the proposed m
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Figure 6. Area 2: (a) Forest height results estimated by Tayebe method;
(b) Efficiency of Tayebe method and LiDAR data.
Figures 5(a) and 6(a) show the results of forest height estimation in KV2 by the methods. This
result points out that KV2 has a denser tree density and higher average height than KV1. The
results in figures 5 (b) and 6 (b) show that the offered method (with R* = 0,862; RMSE = 4,06) has

a higher accuracy than the Tayebe’s (with R* =0,746; RMSE =4,92).

Table 1 shows the effectiveness of the methods compared with LIiDAR data on the two
surveyed forest areas. In which, the average tree height estimated by the proposed solution is
26.2 (m), which is 1.4 (m) lower than value from LiDAR data. The Tayebe method has an
estimated height of 29.3 (m) which is 1.7 (m) higher than the value from LiDAR data and this
result shows a threshold error. There is threshold error because the Tayebe approach assumes

that the studied forest area is a relatively flat terrain ,u(cT))zO, so the estimated forest height
results of this method often trigger large errors on steep terrain.
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Table 1. Effectiveness of methods compared with LiDAR data.

The surveyed Forest LiDAR data Tayebe method Proposed method
forest area parameters (m)
h, (m) 27.6 29.3 26.2
a - - 10.6°
KV1

o(dB/m) - 0.17 0.15
h, (m) 31.2 33.8 29.1
a - - 16.2°

KV2 0
o(dB/m) - 0.26 0.21

In the KV2 study area, the average forest height from LiDAR data is 31.2 (m), the introduced
method is 29.1 (m) and the Tayebe method is 33.8 (m). Moreover, the average terrain slopes of
KV1 and KV2 extracted by the proposed method are 10.6° and 16.2°. From the above results, it
is shown that this technique is able to calculate diversely on different terrains with high
efficiency and reliability than Tayebe method [7].

4. CONCLUSION

This paper suggests a new method to estimate forest parameters using L-band polarizatric
interference UAV-SAR images. The proposed approach not only overcomes the limitations of
the former, but also considerably improves the accuracy of forest height. Through the evaluation
with UAV-SAR and LiDAR data, the suggested method has significantly improved the precision
compared to Tayebe one [7]. Contemporaneously, when analyzing and evaluating UAV-SAR
data that are forest areas with different slopes, it also shows high efficiency and reliability.

Although these proposals have achieved high performance and substantially improved the
accuracy for estimated forest parameters in comparison with Tayebe solution [7]. However, the
construction and addition of many constraints for the optimal problem have increased these
proposals’ computational complexity. This also means that the processing time will greatly
extend compared to the three-state inversion methods.
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TOM TAT
Phuong phap wéc lwgng do cao rirng sir dung anh UAV-SAR giao thoa phan cuc

Bai b&o ndy dé xudt mét phwong phdp nham nding cao dé chinh xdc trong woc hrong

do cao rung su dyng anh UAV-SAR giao thoa phan cuc. Cac tham $6 rirng dwoc trich xudt
boi phirong phap dé xudt duwoc thuce hién théng qua ba bwdc. Pha dia hinh va ddi hé sé
hdp thu song cé thé dwoc xdc dinh trong hai giai doan dau tién théng qua phdn tich tri
riéng ma trdn tirong can giao thoa. P cao rieng dirge khéi phuc trong giai doan cudi dya
trén qud trinh xdc dinh mot hé so két hop giao thoa phirc cho thanh phan tén xa tan cdy.
Hiéu qud ciia phwong phdp dé xudt dwoe danh gid véi dir liéu UAV-SAR nhén dwoc tir die
an AfiSAR ciua NASA/JPL.

Tir khoa: PolInSAR; UAV-SAR; Hé sb tuong can giao thoa phén cyc phtrc.
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