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Compressive Sampling-based Contrast
Field Inversion Method

L. Poli, G. Oliveri, A. Massa

Abstract

In this report, the effectiveness of a novel strategy exploiting the Compressive
Sensing paradigm for imaging sparse scatterers at microwave frequencies has
been preliminary investigated. After a suitable calibration procedure of the
proposed strategy, some introductory results about sparse and weak scatterers
have been presented.
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1 TEST CASE: Calibration

GoAL: show the performances of BC'S when dealing with a sparse scatterer
e Number of Views: V
e Number of Measurements: M
e Number of Cells for the Inversion: N

Number of Cells for the Direct solver: D

Side of the investigation domain: L

Test Case Description
Direct solver:

e Square domain divided in v'D x VD cells

e Domain side: L = 3\

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

e Square domain divided in VN x v/N cells

e =23\

o 2ka=2x 2 x LY2 — 67/2 = 26.65

2m

B
e #DOF = 2kl _ O )7

X 4x? (L)% = 4n? x 9 ~ 355.3

e 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 Vx2ka—V =27
e Amplitude A =1
e Frequency: 300 MHz (A = 1)
Object:
e Square cylinder of side 3 = 0.1667
e Low &, values: ¢, € {1.5, 2.0, 2.5, 3.0}
e Very Low &, values: ¢, € {1.1, 1.2, 1.3, 1.4 1.5}



e 0 =0][S/m]
BCS parameters:

e Initial estimate of the noise: n2 € {1.0 x 1076, 2.0 x 1075, 5.0 x 1076, 1.0 x 107°, 2.0 x 107°, 5.0 x
107°, 1.0x107%, 2.0x107%, 5.0x1074,1.0x1073, 2.0x1073, 5.0x1072, 1.0 x 1072, 2.0 x 1072, 5.0 x 1072, }

e Convergenze parameter: 7 = 107°



1.1 Low ¢, Values - Noiseless case
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Figure 139. Calibration (Noiseless case) - Behaviour of error figures as a function of n3 and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.




1.2 Low ¢, Values - SNR = 20 [dB]
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Figure 140. Calibration (SNR = 20 [dB]) - Behaviour of error figures as a function of n2 and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.




1.3 Low ¢, Values - SNR = 10 [dB]
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Figure 141. Calibration (SNR = 10 [dB]) - Behaviour of error figures as a function of n3 and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.



1.4 Low ¢, Values - SNR =5 |[dB]
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Figure 142. Calibration (SNR = 5 [dB|) - Behaviour of error figures as a function of n3 and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.



1.5 Very Low ¢, Values - Noiseless case
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Figure 143. Calibration (Noiseless case) - Behaviour of error figures as a function of n3 and 7: (a) total
error &1, (b) internal error &, (¢) external error &eyy.
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1.6 Very Low ¢, Values - SNR = 20 |[dB]
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Figure 144. Calibration (SNR = 20 [dB]) - Behaviour of error figures as a function of n3 and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.
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1.7 Very Low ¢, Values - SNR = 10 |[dB]
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Figure 145. Calibration (SNR = 10 [dB]) - Behaviour of error figures as a function of n? and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.
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1.8 Very Low ¢, Values - SNR =5 [dB]
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Figure 146. Calibration (SNR =5 [dB|) - Behaviour of error figures as a function of n3 and 7: (a) total
error &;ot, (b) internal error &, (¢) external error &quy.
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2 TEST CASE: Square Cylinder [ = 0.16\

GoAL: show the performances of BC'S when dealing with a sparse scatterer
e Number of Views: V
e Number of Measurements: M
e Number of Cells for the Inversion: N

e Number of Cells for the Direct solver: D

Side of the investigation domain: L

Test Case Description
Direct solver:

e Square domain divided in v'D x /D cells

e Domain side: L = 3\

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

e Square domain divided in VN x v/N cells

o =3\

o 2ka=2x 2T x LY2 — 67/2 = 26.65

2

_ (2><ZT"><—L§/§)2
2

o #DOF = ko) = 4n? (£)® = 472 x 9 ~ 355.3
e 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 Vx2ka —V =27
e Amplitude A =1
e Frequency: 300 MHz (A = 1)
Object:
e Square cylinder of side 2 = 0.1667
e . € {1.5,2.0, 2.5, 3.0}
e 0 =0][S/m]
BCS parameters:
e Initial estimate of the noise: ny = 1.0 x 1073

e Convergenze parameter: 7 = 1.0 x 1078
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RESULTS: ¢, =15
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Figure 1. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR =20 [dB] , (d)
SNR=101[dB], (e) SNR =5 |dB]|.
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RESULTS: ¢, = 2.0
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Figure 2. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR =20 [dB] , (d)
SNR=101[dB], (e) SNR =5 |dB]|.
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RESULTS: ¢, =25
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Figure 3. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR =20 [dB] , (d)
SNR=101[dB], (e) SNR =5 |dB]|.
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RESULTS: ¢, = 3.0
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Figure 4. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR =20 [dB] , (d)
SNR=101[dB], (e) SNR =5 |dB]|.

Observations:
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Ricostruzioni molto buone per tutti i valori di SNR, fino a ¢, = 3.0.
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RESULTS: Error Figures
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Figure 5. Behaviour of error figures as a function of ¢, for different SN R values: (a) total error &, (b)
internal error &, (¢) external error &.,y.

Observations:

La condizione di validita riportata in [5], ci consente di ricavare il valore di &, massimo tale per cui é possibile

applicare ’approssimazione di Born per il caso in questione, con oggetto scatteratore di dimensione pari a %:
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nga < —

dove a ¢ il raggio dell’oggetto e ng = #‘f .
0€0

Ne caso in questione otteniamo quindi: /g, < ﬁ = /e < % = &, <9.
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RESULTS: Error Figures
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Figure 6. Behaviour of error figures as a function of ¢, for different SN R values: (a) total error &, (b)
internal error &+, (¢) external error &.,;.

Observations:

L’errore interno sale vertiginosamente per valori di ¢, superiori a 2.5; in generale pero, come si pud osservare
dalle figure delle ricostruzioni, le prestazioni sono buone fino a &, = 3.0.
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Internal Scattered Field Analysis
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Figure 7.(a) Average of the absolute value of the scattered field inside the investigation domain for
different values of &, : (b) e, = 1.5, (¢) &, = 2.0, (d) &, = 2.5 and (e) ¢, = 3.0.
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Figure 8.(a) Internal Scattered Field statistical analysis.

Observations:

Le prestazioni della tecnica si possono considerare buone fino a ¢, = 3.0, ossia, osservando Fig.8.(a), fino a
) ) )
Eint —E?"t
quando —tetmine < ().2.

inc

23



3 TEST CASE: Square Cylinder side = 0.33)\

GoAL: show the performances of BC'S when dealing with a sparse scatterer
e Number of Views: V
e Number of Measurements: M
e Number of Cells for the Inversion: N

e Number of Cells for the Direct solver: D

Side of the investigation domain: L

Test Case Description
Direct solver:

e Square domain divided in v'D x /D cells

e Domain side: L = 3\

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

e Square domain divided in VN x v/N cells

o =3\

o 2ka=2x 2T x LY2 — 67/2 = 26.65

2

_ (2><ZT"><—L§/§)2
2

o #DOF = ko) = 4n? (£)® = 472 x 9 ~ 355.3
e 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 Vx2ka —V =27
e Amplitude A =1
e Frequency: 300 MHz (A = 1)
Object:
e Square cylinder of side % =0.33
e . € {1.5,2.0, 2.5, 3.0}
e 0 =0][S/m]
BCS parameters:
e Initial estimate of the noise: ny = 1.0 x 1073

e Convergenze parameter: 7 = 1.0 x 1078
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RESULTS: ¢, =15
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Figure 9. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR =20 [dB] , (d)
SNR=101[dB], (e) SNR =5 |dB]|.

Observations:

Ricostruzioni buone per i casi Noiseless, SNR = 20dB e SN R = 10dB; compare del rumore di fondo per il
caso SNR =5dB.
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RESULTS: ¢, = 2.0
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Figure 10. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR = 20 [dB],

Observations:

Ricostruzioni abbastanza buone per i casi Noiseless, SNR = 20dB e SNR = 10dB; compare del rumore di
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(d) SNR =10 [dB], (¢) SNR =5 |dB].

fondo per il caso SNR =5dB.
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RESULTS: ¢, =25

Figure 11. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR = 20 [dB],

Observations:

Ricostruzioni sempre pit degradate: approssimazione di Born non pit applicabile.
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RESULTS: ¢, = 3.0

Figure 12. Actual object (a) and BCS reconstructed object for (b) Noiseless case, (¢) SNR = 20 [dB],

Observations:

Ricostruzioni sempre pit degradate: approssimazione di Born non pit applicabile.
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RESULTS: Error Figures
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Figure 13. Behaviour of error figures as a function of ¢,, for different SN R values: (a) total error &, (b)
internal error &+, (¢) external error &.,;.
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RESULTS: Error Figures
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Internal Scattered Field Analysis
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Figure 15.(a) Average of the absolute value of the scattered field inside the investigation domain for
different values of ¢, : (b) e, = 1.5, (¢) &, = 2.0.
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Figure 16.(a) Internal Scattered Field statistical analysis.

Observations:
Le prestazioni della tecnica si possono considerare buone fino a &, = 2.0, ossia, osservando Fig.16.(a), anche
in questo caso come nel TEST CASE precedentemente analizzato (singolo quadrato, dimensioni A/6), fino a

Eint—E?"t
quando —tetmrine < ().2.

inc
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