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Abstract

In this report, a statistical analysis of the BCS-based inversion technique for
microwave imaging within the Rytov approximation is proposed. The performance
of the technque has been evaluated varying the number and the position of the
sparse objects inside the investiation domain. Moreover, a comparison with a state-
of-the-art technique based on the Born approximation has been proposed.
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1 Numerical Validation within Weak Sparsity Conditions of the
Scatterers

1.1 TEST CASE: Statistical Test - Varying the number of the Scatterers
GOAL: evaluate the performances of BC'S

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 /D cells
e Domain side: L = 3\
e D = 1296 (discretization for the direct solver: < A/10)
Investigation domain:
e Square domain divided in VN x v/N cells
e =23\
e N =324
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 S square cylinders of side % = 0.16667 (S € {1, 2, 3,4, 5, 6})
e =, € {1.5,2.0, 2.5, 3.0}
e 0 =0][S/m|



BCS parameters:

o Initial estimate of the noise: ny = 8.0 x 1073

e Convergenze parameter: 7 = 1.0 x 1078
Statistical Analysis:

e K = 10 random seeds used for each case to determine the position of the objects inside the onvestigation
domain
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Figure 1. Statistical analysis [K = 10, €, = 1.5] - Behaviour of mean, maximum and minimum of the error
figures as a function of S (sparsity factor), for different SN R values: (a) total error &, (b) internal error
Eint, (¢) external error €.y
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Figure 2. Statistical analysis [K = 10, €, = 2.0] - Behaviour of mean, maximum and minimum of the error
figures as a function of S (sparsity factor), for different SN R values: (a) total error &, (b) internal error
Eint, (¢) external error €.y
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Figure 3. Statistical analysis [K = 10, €, = 2.5] - Behaviour of mean, maximum and minimum of the error
figures as a function of S (sparsity factor), for different SN R values: (a) total error &, (b) internal error
Eint, (¢) external error €.y
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Figure 4. Statistical analysis [K = 10, €, = 3.0] - Behaviour of mean, maximum and minimum of the error
figures as a function of S (sparsity factor), for different SN R values: (a) total error &, (b) internal error
Eint, (¢) external error €.y



1.2 TEST CASE: Variable Square Cylinder Dimension
GOAL: evaluate the performances of BC'S

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 /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 VN cells
o [ =3\
e N =324
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 L = {2, 3, 3, 2\, 2), A}
e 5. €{1.1,1.2,1.3, 1.4, 1.5, 2.0, 2.5, 3.0}
e 0 =0[S/m]
BCS parameters:
o Initial estimate of the noise: ny = 8.0 x 1073

e Convergenze parameter: 7 = 1.0 x 1078



RESULTS: Variable Square Cylinder Dimension - L = % - SNR = Noiseless
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Figure 5. Actual object (a) and (b)(¢)(d)(e)(f)(g) BCS reconstructed object with (b) e, = 1.1, (¢)
er=12,(d) e, =13, (e) e, =14, (f) e, = 1.5 and (g) &, = 2.0.
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RESULTS: Variable Square Cylinder Dimension - L = % - SNR=10[dB]
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Figure 6. Actual object (a) and (b)(¢)(d)(e)(f)(g) BCS reconstructed object with (b) &, = 1.1, (¢)
er=12,(d) e, =13, (e) e, =14, (f) e, = 1.5 and (g) &, = 2.0.
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RESULTS: Variable Square Cylinder Dimension - L = % - SNR=5[dB]
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Figure 7. Actual object (a) and (b)(¢)(d)(e)(f)(g) BCS reconstructed object with (b) &,
e, =12, (d) e, =13, (e) e, =14, (f) &, = 1.5 and (g) &, = 2.0.
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RESULTS: Variable Square Cylinder Dimension - L = % - SNR = Noiseless
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Figure 8. Actual object (a) and (b)(¢)(d)(e)(f)(g) BCS reconstructed object with (b) e, =
e, =12, (d) e, =13, (e) e, =14, (f) &, = 1.5 and (g) &, = 2.0.
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RESULTS: Variable Square Cylinder Dimension - L = % - SNR=10[dB]
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Figure 9. Actual object (a) and (b)(¢)(d)(e)(f)(g) BCS reconstructed object with (b) e,
e, =12, (d) e, =13, (e) e, =14, (f) &, = 1.5 and (g) &, = 2.0.
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RESULTS: Variable Square Cylinder Dimension - L = % - SNR=5[dB]
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Figure 10. Actual object (a) and (b)(c)(d)(e)(f)(g) BCS reconstructed object with (b) e,
er=12,(d) e, =13, (e) e, =14, (f) e, = 1.5 and (g) &, = 2.0.
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RESULTS: Variable Square Cylinder Dimension - L =
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Figure 11. Actual object (a) and BCS reconstructed object with (b)(e)(h) e, = 1.1, (¢)(f)(é) e» = 1.2,
and (d)(g)(l) e, = 1.3, for (b)(c)(d) Noiseless case, (e)(f)(g) SNR =10 [dB] and (h)(¢)(I) SNR =5 [dB].
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RESULTS: Variable Square Cylinder Dimension - L =
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RESULTS: Variable Square Cylinder Dimension - L = %
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Figure 13. Behaviour of error figures for different ¢, and SN R values: (a) total error &, (b) internal
error &int, (c) external error &eq¢.
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RESULTS: Variable Square Cylinder Dimension - L = %
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Figure 14. Behaviour of error figures for different ¢, and SN R values: (a) total error &, (b) internal
error &int, (c) external error &eq¢.
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RESULTS: Variable Square Cylinder Dimension - L = %
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Figure 15. Behaviour of error figures for different ¢, and SN R values: (a) total error &0, (b) internal
error &int, (c) external error &eq¢.
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RESULTS: Variable Square Cylinder Dimension - L = %)\
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Figure 16. Behaviour of error figures for different ¢, and SN R values: (a) total error &, (b) internal
error &int, (c) external error &eq¢.
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RESULTS: Variable Square Cylinder Dimension - L = %)\
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Figure 17. Behaviour of error figures for different ¢, and SN R values: (a) total error &, (b) internal
error &int, (c) external error &eq¢.
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RESULTS: Variable Square Cylinder Dimension - L = A\
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Figure 18. Behaviour of error figures for different ¢, and SN R values: (a) total error &, (b) internal
error &int, (c) external error &eq¢.
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RESULTS: Variable Square Cylinder Dimension - Total Error {;,; - Comparison Born/Rytov
Approximation

Re[1]=0.1 Re[1]=0.2
10! 10t
T 102t T 102t
=} =1
2 P
g 8
5 5
S, 5,
= 3 5 -3
L0t} W 107 F
10 | | | | 10 | | | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
2 A
BORN: Noiseless -5~ SNR=10dB 4~ SNR=5dB —v+ BORN: Noiseless -5~ SNR=10dB 4~ SNR=5dB -+
RYTOV: Noiseless - SNR=10dB —+- SNR=5dB —»— RYTOV: Noiseless % SNR=10dB —+- SNR=5dB —v—
(a) (b)
Re[1]=0.3 Re[1]=0.4
10! 10t
£ 107 T 107 |
=1 =7
2 2
g g
5 5
8, 8,
5 103 8 103
21070 b 21070 F
10 . . . . 104 . . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
A 12N
BORN: Noiseless -5~ SNR=10dB 4~ SNR=5dB -+ BORN: Noiseless &= SNR=10dB 4~ SNR=5dB -+
RYTOV: Noiseless % SNR=10dB -+ SNR=5dB —v RYTOV: Noiseless % SNR=10dB 4 SNR=5dB —v
(¢) (d)
Re[1]=0.5 Re[1]=1.0
10t 10°
10" |
T 10?2} &)
=} =1
2 2
g S 42
= £ 10° f
2 2
S, 5,
= . 3 =
E10%} £
10° |
10 | | | | 10 | | | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
2 A
BORN: Noiseless -5~ SNR=10dB 4~ SNR=5dB v+ BORN: Noiseless -5~ SNR=10dB 4~ SNR=5dB -+
RYTOV: Noiseless % SNR=10dB —+- SNR=5dB —»— RYTOV: Noiseless % SNR=10dB —+- SNR=5dB v

(e) ()
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