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Abstract

In this work, a novel approach to solve the inverse scattering (/S) problem to
image sparse and weak targets is presented. Towards this aim, the 2D-TM IS
problem at hand is formulated within the first-order Born approximation and
solved by integrating a Bayesian compressive sensing (BCS) solver with a
customized matrix completion (MC) procedure. If from the one hand the BCS
allows the exploitation of sparseness priors to regularize the IS problem, on the
other hand the MC allows to enhance the reconstruction quality when dealing
with highly noisy scattering data, allowing to filter out the less reliable solution
coefficients and to complete the retrieved dielectric profile image.



1 Preliminary Numerical Assessment
GoAL: show the performances of BC'S when dealing with a sparse scatterer

Number of Views: V'

e Number of Measurements: M

Number of Cells for the Inversion: N

Number of Cells for the Direct solver: D

Side of the investigation domain: L
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Test Case Description

Direct solver:

e Square domain divided in v/D x v/D cells
e Domain side: L = 3\

e D = 1296 (discretization for the direct solver: < A\/10)

Investigation domain:

Square domain divided in VN x /N cells

o [L=23\

o 2ka =2 x 20 x LY2 — 67/2 = 26.65

L_\/E)Z
2

#DOF = @ha® _ (2 x )* = 472 x 9 ~ 355.3

:47T2(

>t

N scelto in modo da essere vicino a #DOF: N = 324 (18 x 18)
Measurement domain:

e Measurement points taken on a circle of radius p = 3\
e Full-aspect measurements

o M ~2ka — M =27
Sources:

e Plane waves
o Vx~2ka—V =27
e Amplitude A =1

e Frequency: 300 MHz (A = 1)
Object:

e Square cylinder of side 2 = 0.1667 (single pixel)
o e, €{15,20,25,3.0,3.5,4.0, 4.5, 5.0}

e 0 =0][S/m]

BCS parameters:
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e Initial estimate of the noise: ng = 1.0 x 1073

e Convergenze parameter: 7 = 1.0 x 1078

MC parameters:

e Threshold: n =0.2
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RESULTS: ¢, =1.5
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Figure 1: Actual object (a) and reconstructed object by (b)(¢) BCS and (¢)(d) BCS+MC when (b)(d) SNR =
10 [dB], (¢)(e) SNR =5 [dB].
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Retrieved Profiles
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Figure 2: Actual object (@) and reconstructed object by (b)(¢) BCS and (¢)(d) BCS+MC when (b)(d) SNR = 2
[dB], (¢)(e) SNR =0 [dB].
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Retrieved Profiles
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Figure 3: Actual object (a) and reconstructed object by (b)(¢) BCS and (¢)(d) BCS+MC when (b)(d) SNR =
—2[dB], (¢)(e) SNR = —5 [dB].
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Confidence Levels
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Figure 4: Confidence Levels when (a¢) SNR = 10 [dB], (b)) SNR =5 [dB], (¢) SNR = 2 [dB], (d) SNR =0
[dB], (e) SNR = -2 [dB], (f) SNR = —5 [dB].
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RESULTS: ¢, = 2.0
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Figure 5: Actual object (a) and reconstructed object by (b)(¢) BCS and (¢)(d) BCS+MC when (b)(d) SNR =
10 [dB], (¢)(e) SNR =5 [dB].
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Figure 6: Actual object (@) and reconstructed object by (b)(¢) BCS and (¢)(d) BCS+MC when (b)(d) SNR = 2
[dB], (¢)(e) SNR =0 [dB].
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Figure 7: Actual object (a) and reconstructed object by (b)(¢) BCS and (¢)(d) BCS+MC when (b)(d) SNR =
—2[dB], (¢)(e) SNR = —5 [dB].
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Confidence Levels

1-Pixel Obj., Tpyax=1.0, SNR=10 [dB] 1-Pixel Obj., T,,4=1.0, SNR=5 [dB]

T T
=) =)
— > — >
= 8 = 10° 8
k) k)
I>< I><
107!
1-Pixel Obj., Tygy=1.0, SNR=2 [dB] 1-Pixel Obj., Tygy=1.0, SNR=0 [dB]
15 10°
1
= 0.5 =
c c
=] =]
—_ > —_ >
= g = o0 100 8
k) k)
1< -0.5 1<
1
15 107!
1-Pixel Obj., Tynay=1.0, SNR=-2 [dB] 1-Pixel Obj., Tynay=1.0, SNR=-5 [dB]
10’ 15 10'
1
= 0.5 =
=) =)
— > — >
= 100 8 = 0 10° g
> S > re}
k) k)
1< -0.5 1<
1
107! 15 107!
45 4 05 0 05 1 15
X [A]

Figure 8: Confidence Levels when (a) SNR = 10 [dB], (b) SNR =5 [dB], (¢) SNR =2 [dB], (d) SNR =10
[dB], (¢) SNR = -2 [dB], (f) SNR = —5 [dB].
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More information on the topics of this document can be found in the following list of references.

References

[1]

(2]

(3]

L. Poli, G. Oliveri, P. Rocca, and A. Massa, “Bayesian compressive sensing approaches for the reconstruction of
two-dimensional sparse scatterers under TE illumination," IEEE Trans. Geosci. Remote Sens., vol. 51, no. 5, pp.

2920-2936, May 2013 (DOI: 10.1109/TGRS.2012.2218613).

G. Oliveri, M. Salucci, and N. Anselmi, “Tomographic imaging of sparse low-contrast targets in harsh environments
through matrix completion," IEEE Trans. Microw. Theory Tech., vol. 66, no. 6, pp. 2714-2730, Jun. 2018 (DOI:
10.1109/TMTT.2018.2825393).

N. Anselmi, L. Poli, G. Oliveri, and A. Massa, “Iterative multi-resolution bayesian CS for microwave imaging,”

IEEE Trans. Antennas Propag., vol. 66, no. 7, pp. 3665-3677, Jul. 2018 (DOI: 10.1109/TAP.2018.2826574).

G. Oliveri, M. Salucci, N. Anselmi, and A. Massa, “Compressive sensing as applied to inverse problems for
imaging: theory, applications, current trends, and open challenges,” IEEE Antennas Propag. Mag. - Special Is-
sue on "Electromagnetic Inverse Problems for Sensing and Imaging," vol. 59, no. 5, pp. 34-46, Oct. 2017 (DOI:
10.1109/MAP.2017.2731204).

N. Anselmi, G. Oliveri, M. A. Hannan, M. Salucci, and A. Massa, “Color compressive sensing imaging of
arbitrary-shaped scatterers,” IEEE Trans. Microw. Theory Techn., vol. 65, no. 6, pp. 1986-1999, Jun. 2017 (DOI:
10.1109/TMTT.2016.2645570).

N. Anselmi, G. Oliveri, M. Salucci, and A. Massa, “Wavelet-based compressive imaging of sparse targets,” IEEE

Trans. Antennas Propag., vol. 63, no. 11, pp. 4889-4900, Nov. 2015 (DOI: 10.1109/TAP.2015.2444423).

G. Oliveri, N. Anselmi, and A. Massa, “Compressive sensing imaging of non-sparse 2D scatterers by a total-variation
approach within the Born approximation,” IEEE Trans. Antennas Propag., vol. 62, no. 10, pp. 5157-5170, Oct. 2014
(DOI: 10.1109/TAP.2014.2344673).

M. Salucci, G. Oliveri, and A. Massa, “GPR prospecting through an inverse scattering frequency-hopping multi-
focusing approach,” IEEE Trans. Geosci. Remote Sens., vol. 53, no. 12, pp. 6573-6592, Dec. 2015 (DOI:
10.1109/TGRS.2015.2444391).

L. Poli, G. Oliveri, and A. Massa, “Imaging sparse metallic cylinders through a local shape function
Bayesian compressive sensing approach,” J. Opt. Soc. Am. A, vol. 30, no. 6, pp. 1261-1272, 2013 (DOI:
10.1364/JOSAA.30.001261).

L. Poli, G. Oliveri, F. Viani, and A. Massa, “MT-BCS-based microwave imaging approach through minimum-
norm current expansion," IEEE Trans. Antennas Propag., vol. 61, no. 9, pp. 4722-4732, Sep. 2013 (DOI:
10.1109/TAP.2013.2265254).




[11]

[12]

[15]

G. Oliveri, L. Poli, P. Rocca, and A. Massa, “Bayesian compressive optical imaging within the Rytov approxima-

tion," Optics Letters, vol. 37, no. 10, pp. 1760-1762,2012 (DOI: 10.1364/0L.37.001760).

G. Oliveri, P. Rocca, and A. Massa, “A Bayesian compressive sampling-based inversion for imaging
sparse scatterers," IEEE Trans. Geosci. Remote Sens., vol. 49, no. 10, pp. 3993-4006, Oct. 2011 (DOI:

10.1109/TGRS.2011.2128329).

G. Oliveri, M. Salucci, and A. Massa, “Synthesis of modular contiguously clustered linear arrays through a
sparseness-regularized solver," IEEE Trans. Antennas Propag., vol. 64, no. 10, pp. 4277-4287, Oct. 2016 (DOLI:
10.1109/TAP.2016.2595623).

P. Rocca, M. A. Hannan, M. Salucci, and A. Massa, “Single-snapshot DoA estimation in array antennas With mutual
coupling through a multiscaling BCS strategy," IEEE Trans. Antennas Propag., vol. 65, no. 6, pp. 3203-3213, June
2017 (DOI: 10.1109/TAP.2017.2684137).

M. Salucci, A. Gelmini, L. Poli, G. Oliveri, and A. Massa, “Progressive compressive sensing for exploiting
frequency-diversity in GPR imaging,” J.Electromagn. Waves Appl., vol. 32, no. 9, pp. 1164-1193, 2018 (DOI:
10.1080/09205071.2018.1425160).




