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Adaptive [P Reconstruction Method for Synthetic
Aperture Interferometric Radiometer

Xiaocheng Yang ', Chaodong Lu

Abstract—The brightness temperature reconstruction of syn-
thetic aperture interferometric radiometers (SAIRs) is an underde-
termined and ill-posed inverse problem. The classical Hilbert-space
regularization methods have often the disadvantages of the over-
smoothness effects and the oscillations. In this article, an adaptive
I? reconstruction method in Lebesgue spaces is introduced to
obtain the accurate brightness temperature map in SAIRs. The
proposed approach can adaptively adjust the exponent p between
1.2 and 2 according to the region of the map to be reconstructed.
The experimental results show that the L reconstruction method
can effectively reduce oversmoothness and Gibbs oscillations, and
better improve the accuracy of the inverse results, compared to
the traditional minimum-norm and band-limited regularization
methods.

Index Terms—Interferometric radiometer, inverse problem,
reconstruction method, synthetic aperture.

I. INTRODUCTION

HE synthetic aperture interferometric technology was in-
T troduced from radio astronomy to earth remote sensing
in the late 1980s [1]. Due to the advantages of rapid imag-
ing with large field of view, no mechanical scanning, small
volume, and reduced power requirements, synthetic aperture
interferometric radiometers (SAIRs) are powerful instruments
for high-resolution earth observation as an alternative to real
aperture radiometers. Over the past few decades, a number of
SAIR apparatuses have been developed for earth observation.
Among them, one can distinguish one-dimensional (1-D) SAIR
instruments such as the electronically scanned thinned array
radiometer [2], the full polarization interferometric radiometer
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(FPIR) [3], and 2-D SAIR instruments, for instance, the mi-
crowave imaging radiometer with aperture synthesis in the soil
moisture and ocean salinity mission launched in 2009 [4], the
GeoSTAR [5], the HUT-2D instrument [6], and the geostationary
interferometric microwave sounder [7].

The reconstruction from the measured visibility function
samples to the brightness temperature map in SAIRs is an
ill-posed inverse problem, which has multiple solutions so that
constraints must be imposed to seek a stable and unique solution
[81, [9]. For SAIR reconstruction, the commonly used methods
are conventional Hilbert-space regularization methods such as
the band-limited regularization [10], Tikhonov regularization,
and the minimum-norm regularization based on the truncated
singular value decomposition (TSVD) [8]. However, the main
disadvantages of the abovementioned regularization approaches
in Hilbert spaces are related to oversmoothing and oscillations
due to the Gibbs phenomenon. In order to filter out the Gibbs
effect, the window function is generally used in SAIRs [11].
However, the cost paid for windowing is to reduce the spatial
resolution of the reconstructed brightness temperature map.

In recent years, the research on regularization methods in
Banach spaces has become a vibrant and fast-growing field [12].
Different from the Hilbert space, the Banach space is a complete
normed linear space without any scalar product. In other words,
the Banach space can only measure the “length” and “distance”
between two elements, but not the “angle” between them. Cur-
rently, some regularization methods in Banach spaces have been
applied to few fields such as nonlinear inverse scattering [ 13] and
spatial resolution enhancement of microwave radiometer data
[14]-[19]. To the best of our knowledge, no studies have involved
SAIR reconstruction. The aim of Banach space reconstructions
is to minimize the L”-norm of the residual with 1 < p < 2. It
is worth noting that the choice of p plays an important role in
the performance of reconstruction methods in Banach spaces.
For the sake of exploiting the benefits of reconstructions in
Hilbert and Banach spaces while mitigating their shortcomings,
an adaptive L”-penalization method is proposed to enhance the
spatial resolution of microwave radiometer measurements [20].

In order to obtain the accurate brightness temperature map
in SAIRs, a I” reconstruction method with an adaptively ad-
justed exponent p between 1.2 and 2 is presented in this ar-
ticle. As far as we know, this is the first time that the [”
reconstruction in Lebesgue spaces is applied to SAIR inverse
problem.

The rest of this article is organized as follows. In Section II,
we introduce an adaptive L” reconstruction method in the
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Lebesgue spaces. Simulation experiments undertaken on both
1-D SAIR and 2-D SAIR systems are presented and discussed in
Section III. Finally, Section I'V concludes this article.

II. THEORY

By measuring the complex correlation between the signals
collected by two spatially separated antennas, SAIRs obtain
visibility function samples in the spatial frequency domain. The
measured visibility function could be expressed as [21]

1 ), o men
Vo) = o [ [ — RO
(e

where & = (sinfcos¢, sinfsing) is direction cosines in the
Cartesian coordinates (¢ and ¢ are the traditional spherical
coordinates), and uy; is the baselines associated with the an-
tennas Ay, and A; with equivalent solid angles 2, and ;. T(§) =
T(&€)-T, is the difference between the brightness temperature
map Tp(€) of the observed scene and the physical temperature
T, of the receivers [21]. Fi(&) and F;(§) stand for the normalized
voltage patterns of the antennas (the overbar denotes the complex
conjugate). In addition, 7; (A7) is the fringe-washing function,
where AT = —uy€/fy is the spatial delay and fy denotes the
central frequency.
After discretization, (1) can be rewritten in the matrix form

Vm><1 = Gman'nxl (2)

where V € R represents the measured visibility function vec-
tor, G is the discrete modeling operator, and T € R™denotes the
unknown brightness temperature vector. Since the dimension m
of the vector V is lower than the dimension n of the vector
T, the inverse problem is underdetermined. Moreover, because
the matrix G is often poorly conditioned, the inverse problem
is ill-conditioned so that it needs to be regularized to obtain a
stable and unique solution.

A. Minimum-Norm and Band-Limited Regularization

The first classical approach is the so-called minimum-norm
regularization, which is to select the solution resulting in the
minimum energy. As a consequence, the following constrained
optimization problem is solved:

min |T[2 st. GT =V. 3)

With the aid of the TSVD technique, the solution of (3) is
given by

. |
T =GV=> —BaV 4
i—1 71

where o; is the singular values of the matrix G in descending
order, and s denotes the regularization parameter, i.e., the number
of singular values retained. Moreover, ay; and 3, are the left and
right singular vectors, respectively. In this article, the generalized
cross-validation method [22] is used to select the regularization
parameter of the minimum-norm regularization.
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The second classical approach known as the band-limited
regularization is based on the physical concept of the limited
resolution for SAIRs. In other words, the frequency coverage
H measured by the SAIR instrument is in a limited bandwidth.
Therefore, the band-limited regularization is to solve the follow-
ing constrained least squares problem [8]:

min [V — GT|3 s.t. T = 0 outside H )

where T = UT is the Fourier components of T, and U denotes
the Fourier transform operator. The unique solution of (5) is
given by

T = U*ZA'V (6)

where AT = (A*A)"'A* is the Moore—Penrose pseudoinverse
of the matrix A = GU*Z (*is the Hilbert adjoint operator),
and Z denotes the zero-padding operator beyond the frequency
coverage H.

B. Adaptive 1P Reconstruction Method

The abovementioned minimum-norm and band-limited regu-
larizations are based on the minimization of the L? norm in the
Hilbert space. Although Hilbert-space regularization methods
produce satisfactory results in general, they often have the
disadvantages of the oversmoothness and the Gibbs oscilla-
tions, especially for the observed scenes that contain sudden
discontinuities. To overcome the shortcomings of Hilbert-space
regularization methods, in this article, following the approach
first described in [20], we adopt a L” reconstruction method
with a variable p exponent, which spans in the range [1.2, 2].
The proposed approach can adaptively adjust the p exponent
according to the region of the map to be reconstructed.

Different from regularization methods in Hilbert space, the
reconstruction in the L7 Banach space is to solve the following
minimization problem [14]:

1
min— [V - GT|?. )
p

It should be noted that the residual GT—V belongs to L” space,
but the operator G* belongs to L7 space, where ¢ is the Holder
conjugate of p, i.e., (1/¢g)+(1/p) = 1. To overcome this problem,
the duality maps are invoked [14]:

Jp i LV — L
Jg: LT — LP (®)
where the ith component of the vector J,, can be written as
Jp(x), = |@[P sign (z;),i=1,...,m )
where | - | indicates the modulus operator and sign stands for

the sign function. In consequence, the kth iterative result in the
I” Banach space using the Landweber iterative method can be

expressed as [23]
;v-‘rl =Jy (Jp (T;c) _WG*JP (GTi’c _V)) (10)

where 1) represents the step size.
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Fig. 1.

In the case that the exponent p is variable, we need to use the
Luxemburg norm that can be defined as [24]:

|IT|| p=inf {A > 0: p(T/A) < 1} 11

where p represents the variable exponent vector, inf denotes the
infimum operator, and

N
p(T)=>_|T|". (12)
=1

Accordingly, the following minimization problem is solved:

min [V — GT||,,. (13)

In this article, the Landweber iterative method is used to solve
(13). However, the operator G* cannot be applied to the residual
GT-V in the Lebesgue spaces. In order to overcome the above
issue, the duality maps [20] with the vectorial exponent are
introduced

Jpe o LP (R™) — (LP (R™))*
Jra : LY (R™) — (L9 (R™))" 14)

where the vector q is the Holder conjugate of the vector p,
namely, (1/p;) + (1/q;) = 1 for any element i = 1, ..., n. In
addition, the ith component of the vector Jy»can be expressed
as [20]

pil TP sign (T7)

n L)
pi—c P T [P
|T
Lp TP
j=1 I HLP

(Jrr (T)); =

i=1,...,n (15

where ¢ > 1 is a constant factor. It is worth noting that the duality
map J» is only approximately equal to the inverse of the duality
map Jrr.

Consequently, the iteration solution by means of the Landwe-
ber iterative method can be given by

11 = Ja (Jow (T}) —9G*J,, (GT, = V). (16)

It should be noted that the dimension of T, which belongs
to the R™ space, is different from the dimension of GT—V
that belongs to the R™ space. Due to the abovementioned
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Simulated reference brightness temperature profiles. (a) Rectlike distribution. (b) Spike distribution.

dimensionality problem, the duality maps (14) cannot be applied
to GT—V. Thus, the following duality map is introduced:

Jyt L" (R™) — L* (R™) (17)

where J, has been defined according to (9), and r is the Holder
conjugate of s, namely, (1/r)+(1/s) = 1. Moreover, the exponent
r is selected in a way related to the exponent vector p. For the
kth iteration, ry is given by [20]

rc = In (p (Tw)) /I (|| Tl o)

where the modulus p(T)and the Luxemburg norm || T || e are
calculated according to (11) and (10), respectively.

The choice of the value of the exponent vector p is very critical
to the performance of the proposed method. When the p value
is too close to 1, the solution of the regularization method will
become unstable [13]. It has been proven in [16] that the L!*
norm can provide a very good compromise between algorithm
performance and stability for Banach-space reconstructions.
Moreover, the classic L? norm is able to ensure the stability and
accuracy of the algorithm, when the discontinuities exist in the
observed scenes. Accordingly, the elements of the vector p are
forced to be within the range [1.2, 2] in this article. Furthermore,
the rule of updating the vector p is defined as [20]

(18)

Pmax — Pmin
= Punin + X LW (N
P = Pumin + = (T =)

where pmin = 1.2, pmax = 2, M = max(Ty), and N = min(T}y,).

(19)

III. SIMULATIONS AND RESULTS

In this section, numerical simulation experiments are carried
out to discuss and compare the performance of the adaptive
L? reconstruction method with respect to traditional minimum-
norm and band-limited regularization methods.

A. Simulations Based on a 1-D SAIR System

The first experiment is conducted on the L-band FPIR [3],
which is a 1-D SAIR system. The 16 antennas are sparsely
arranged to form the full coverage from the minimum baseline
Ad=0.589) to the maximum baseline 90Ad (see Fig. 1 in [9]).
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RMSE AND PSNR PERFORMANCE OF DIFFERENT RECONSTRUCTION METHODS
FOR RECTLIKE DISTRIBUTION AND SPIKE DISTRIBUTION

Method (a) rectangle distribution (b) spike distribution
RMSE(K) | PSNR(dB) | RMSE(K) | PSNR(dB)
Band-limited 9.59 28.49 7.34 30.81
Minimum-norm 9.69 28.40 7.31 30.85
Adaptive L* 4.36 35.34 2.69 39.54

It should be pointed out that the anisotropic antenna patterns and
spatial decorrelation effects are taken into account in order to
simulate the actual SAIR system. The specific parameters of the
FPIR system are listed Table I in [9].

The initial distributions in the first experiment are derived
from the simulated reference brightness temperature profiles,
which are depicted in Fig. 1. The horizontal axes ¢ in Fig. 1 is
equal to sinf. The rectangle distribution in Fig. 1(a) is used to
model the abrupt discontinuities such as the sea/land edge, and
the distribution of two spikes in Fig. 1(b) is used to simulate
small isolated islands. Based on (2), the ideal visibility function
samples are generated. Moreover, the zero mean Gaussian noises
are added to the ideal visibility function so as to simulate actual
measurements.

In the case of adding the Gaussian noise with the variance
0% = 0.01 max(V,), the brightness temperature distributions
in the alias-free field of view (AFFOV) reconstructed using
the abovementioned three methods are, respectively, showed in
Fig. 2(a) and (b), where the original distributions in the AFFOV
are also presented for reference purpose. From Fig. 2(a), we
can find that the band-limited and minimum-norm regulariza-
tions produce the reconstruction results that exhibit excessive
smoothness and obvious Gibbs oscillations, especially at the
edge of the discontinuities. In contrast, the adaptive L method
gives rise to an excellent reconstruction profile, which fits well
the abrupt discontinuities. It can be noted that oscillations are
obviously reduced at the upper edges of the discontinuities, and
the Gibbs oscillations almost disappear at the lower edges of
the discontinuities. The results in Fig. 2(b) show that compared
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Retrieved brightness profile in AFFOV for (a) rectlike distribution and (b) spike distribution.

with the minimum-norm and band-limited regularizations, the
adaptive L7 method obtains a reconstructed profile closer to
the reference brightness temperature. In particular, the lower
part of the reference profile is very well reconstructed without
any Gibbs-related oscillations. Besides, the upper part of the
profile is well retrieved with closer amplitude level, although it
is slightly overestimated.

The reconstruction error profiles in the AFFOV for rectlike
distribution and spike distribution are shown in Fig. 3(a) and (b),
respectively. Fig. 3 indicates that the reconstruction errors for
the adaptive L” method are greatly diminished, compared to the
band-limited and minimum-norm methods.

In this article, the performance of the reconstruction methods
is quantitatively analyzed by two indices, namely the root-mean-
square error (RMSE) and peak signal to noise ratio (PSNR). The
RMSE and PSNR are defined as

Q
o=\ [0 - TGP /@
¥ = 10log,o(mr/0)’ (20)

where Q is the number of sampling points in the AFFOV, mr is
the maximum value in the brightness temperature map.

The RMSE and PSNR values of different reconstruction meth-
ods for rectlike distribution and spike distribution are listed in
Table I. The results show that the adaptive L” method has the best
performance, compared to the band-limited and minimum-norm
methods.

In addition, we analyze the convergence of the adaptive L”
algorithm interfered by noise. For the rectlike reference distri-
bution in Fig. 1(a), the convergence performance under noise
interference of different levels is depicted in Fig. 4. It can be
observed from Fig. 4 that the fitness function quickly drops to
a stable value when the number of iterations increases, proving
the convergence of the proposed algorithm. Besides, regardless
of the noise level, the fitness function converges to a stable value
when the number of iteration steps is approximately 10.
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We conduct the second experiment based on the FPIR system
using the actual L-band brightness temperature data observed
by the Aquarius satellite on August 19, 2013. The original
brightness temperature distributions for the sea/land edge and
the ocean, which stand for two typical observation targets, are
presented in Fig. 5.

When the variance of the additive Gaussian noise is equal to
% = 0.03 max(V,), the retrieved distributions for the sea/land
edge and the ocean in the AFFOV are separately shown in
Fig. 6(a) and (b) via the minimum-norm, band-limited, and
adaptive L7 methods. The original distributions for the sea/land
edge and the ocean in the AFFOV are also shown in Fig. 6(a) and
(b) for easy comparison. As can be seen from Fig. 6(a), all three
methods have obtained satisfactory reconstruction results that
can well match the sea/land edge. Besides, the band-limited and
minimum-norm regularizations suffer from severe oscillations
in the upper and lower parts of the sea/land edge, whereas the
adaptive I’ method produces the best results with negligible
fluctuations. The results in Fig. 6(b) reveal that the inversion
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Fig. 3. Reconstruction error profiles in AFFOV for (a) rectlike distribution and (b) spike distribution.
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Fig. 4. Convergence performance under noise interference of different levels
for the rectlike distribution.

As an iterative approach, the calculation time of the adaptive
L” method is mainly related to the size of the matrix G and
the iteration steps. Taking the distributions in Fig. 2(b) as an
example, the MATLAB runtime (MATLAB R2020b on a PC
with 3.2 GHz AMD R7-5800H processor and 16 GB memory)
of the adaptive L7 algorithm is 0.0230 s while the size of G is
241 x 800 and the number of iterations is 10. The MATLAB
runtime of the band-limited and minimum-norm method is,
separately, 0.0235 s and 0.0326 s. The results indicate that the
calculation time of the adaptive L” method is the same order of
magnitude as the band-limited and minimum-norm regulariza-
tion. In the future, the adaptive L7 algorithm can run on the graph-
ics processing unit platform to increase the calculation speed.

result for the adaptive L/ method is evidently smoother and
has weaker oscillation ripples particularly at the edge of the
distribution, compared to the band-limited and minimum-norm
regularizations.

The RMSE and PSNR values related to the retrieved distri-
butions in Fig. 6 are listed in Table II. The results reveal that for
both the sea/land edge and the ocean, the performance (RMSE
or PSNR) of the minimum-norm regularization is very close to
that of the band-limited regularization. Compared with these two
methods, the performance of the adaptive L” method is the best
since it has a markedly lower RMSE and significantly higher
PSNR.

Furthermore, we analyze the effect of noise on the perfor-
mance of the reconstruction algorithms. The measured visibility
function samples corrupted by the Gaussian noise of different
levels are used to reconstruct the brightness temperature maps.
The RMSE and PSNR values of reconstruction methods un-
der noise interference of different levels for the sea/land edge
and the ocean are presented in Figs. 7 and 8, respectively,
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TABLE II
RMSE AND PSNR PERFORMANCE OF DIFFERENT RECONSTRUCTION METHODS
FOR THE SEA/LAND EDGE AND THE OCEAN

Method (a) the sea/land edge (b) the ocean
RMSE(K) | PSNR(dB) | RMSE(K) | PSNR(dB)
Band-limited 3.27 37.83 1.91 42.51
Minimum-norm 3.39 37.53 2.11 41.64
Adaptive 1/ 1.94 42.37 1.31 45.80

where each RMSE or PSNR value is obtained by averaging
100 results. To better evaluate the performance of the proposed
method, the RMSE and PSNR values for the band-limited and
minimum-norm regularizations using the Blackman window are
also shown in Figs. 7 and 8. It is worth noting that when
evaluating the inversion methods using a window function, the
reconstructed maps must be compared with the original maps
apodized with the same window.
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Retrieved distributions in AFFOV for (a) the sea/land edge and (b) the ocean.

The results in Figs. 7 and 8 reveal that windowing can effec-
tively reduce the RMSE and improve the PSNR for the band-
limited and minimum-norm regularizations. Fig. 7 illustrates
that although the variance of the noise varies from 0.01 max(V;)
to 0.1 max(V;), the adaptive L” method for the sea/land edge has
an apparent RMSE reduction and an evident PSNR improvement
of more than 2.7 dB over the band-limited and minimum-norm
regularizations using the Blackman window, which have close
RMSE or PSNR values. Besides, Fig. 8 indicates that the adap-
tive L7 method for the ocean has a slight PSNR improvement
over the minimum-norm and band-limited regularizations using
the Blackman window. The results demonstrate that the adap-
tive L’ method is more robust to the noise interference than
the band-limited and minimum-norm regularizations. In conse-
quence, compared with the conventional minimum-norm and
band-limited regularization methods, the adaptive [ method
can reduce the reconstruction errors more effectively, especially
for the observed scenes like the sea/land edge.
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Fig. 7. (a) RMSE and (b) PSNR performance of reconstruction methods under noise interference of different levels for the sea/land edge.
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Fig. 8. (a) RMSE and (b) PSNR performance of reconstruction methods under noise interference of different levels for the ocean.

B. Simulations Based on a 2-D SAIR System 20 15

In order to further verify the effectiveness of the adaptive L” 15
method, we have conducted the third experiment on a 2-D SAIR
system, which is equipped with 61 antennas to form a T-shaped
array layout. Antenna array configuration of the 2-D SAIR 5
system and the corresponding uv sampling grids in the spatial
frequency domain are shown in Fig. 9(a) and (b), respectively. In .
addition, the anisotropic antenna patterns and spatial decorrela- (a) (b)
tion effects are also considered to model the G matrix. The spe-
cific parameters of the 2-D SAIR system are listed in Table IIl.  Fig.9. Antennaarray configurations and uv sampling grids. (a) T-shaped array.

The original image in the third experiment is depicted in  (b) uv sampling grids.

Fig. 10(a), which represents the top of a tower. The measured TABLE III

visibility function samples blurred by the Gaussian noise with SYSTEM PARAMETERS

zero mean and the variance o> = 0.01 max(V;) are reconstructed

. . . .. Parameters Values

into the brightness temperature maps using the minimum-norm, Y

. . . ntenna array T-shaped

band-limited, and adaptive L” methods. The reconstruction re- Central frequency f,= 1.4 GHz

sults in the AFFOV are shown in Fig. 10(b)—(d). It can be Antenna number 61

noted that for the images reconstructed by the minimum-norm Shortest baseline Ad = 0.589ag
Bandwidth B =20 MHz
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(d) adaptive L” method.

and band-limited methods, Gibbs oscillation ripples are clearly
visible, making the edges very blurred and some details lost
[see Fig. 10(b) and (c)]. However, the adaptive L” method
results in visually the best image with clear edges and details
[see Fig. 10(d)]. This implies that the adaptive L’ method
performs best in terms of reducing oversmoothness and Gibbs
oscillations.

For the purpose of quantitatively evaluating the reconstruc-
tion performance of different reconstruction methods, the RMSE
and PSNR values are calculated. In Fig. 10, the RMSE values
for the minimum-norm, band-limited, and adaptive L7 methods
are 4.21 K, 3.94 K, and 2.46 K, separately, and the PSNR
values for the minimum-norm, band-limited, and adaptive L/
methods are 35.64 dB, 36.22 dB, and 40.31 dB, respectively. The
results witness that the performance of the adaptive L7 method
is significantly better than the minimum-norm and band-limited
methods.

Moreover, the transects extracted from the images in Fig. 10
are considered for in-depth analysis of the reconstruction per-
formance. Fig. 11 shows the extracted transects along the hori-
zontal axis. One can notice that all the methods have produced
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Fig. 11.  Extracted transects along the vertical axis.

satisfactory reconstruction results, which can well match the
original distribution. However, with respect to the minimum-
norm and band-limited methods, there are distinct Gibbs-
related oscillations, especially at the edge of the reconstructed
brightness temperature profiles. Conversely, the adaptive L
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Fig. 12.

method produces the reconstructed profile with almost invisible
oscillations.

Furthermore, the influence of noise on the inversion results is
quantitatively analyzed. Similar to Fig. 10, the SAIR brightness
temperature images are acquired by reconstructing the measured
visibility functions blurred by the Gaussian noise of different
levels. The RMSE and PSNR performance of reconstruction
methods with different noise levels is shown in Fig. 12(a) and (b),
respectively. For the convenience of comparison, The RMSE and
PSNR performance for the band-limited and minimum-norm
regularizations using the Blackman window are also presented
in Fig. 12. As can be seen from Fig. 12(a), regardless of the
level of noise, the RMSE value of the adaptive L” method is
markedly lower than those of the band-limited and minimum-
norm regularizations using the Blackman window. The results
in Fig. 12(b) reveal that the PSNR value of the adaptive L
method is more than 1.8 dB higher than those of the band-limited
and minimum-norm methods using the Blackman window. This
seems to suggest that the adaptive I/ method is more robust to
the noise interference than the band-limited and minimum-norm
regularizations. As a consequence, the adaptive L method can
better improve the accuracy of the inverse results, compared to
the minimum-norm and band-limited regularization methods.

IV. CONCLUSION

The process of reconstructing the brightness temperature map
from the visibility function samples in SAIRs has been proved to
be an underdetermined and ill-conditioned inverse problem. In
spite of effectively restraining the morbidity of the inverse prob-
lem, the traditional regularization methods in Hilbert spaces such
as the minimum-norm and band-limited regularizations bring
the disadvantages of oversmoothness and Gibbs oscillations. In
contrast, the I’ reconstruction method in Lebesgue spaces is
shown to be very promising since it can share the advantages
of reconstruction methods in Hilbert and Banach spaces while
mitigating their shortcomings. In consequence, an adaptive L
reconstruction method [20] in this article is introduced to re-
trieve the brightness temperature map in SAIRs. The proposed
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(a) RMSE and (b) PSNR performance of reconstruction methods under noise interference of different levels for the tower.

approach can automatically adapt the exponent p between 1.2
and 2 to the region of the map to be reconstructed. We demon-
strate the effectiveness and the robustness of the proposed
approach through several numerical simulation experiments.
Compared to the traditional minimum-norm and band-limited
regularization methods, the adaptive L reconstruction method
can effectively reduce oversmoothness and Gibbs oscillations,
and better improve the accuracy of the inverse results.
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