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1 Numerical Results, Part #3: Retrieval of Aggregated Pixels

OBJECTIVE: This Section is aimed to validate the proposed approach when changing the shape of the scatterer assumed
to be composed by adjacent/aggregated pixels. The performance in terms of reconstruction accuracy are still evaluated in

a comparative fashion with the results obtained obtained when using a uniform measurement setup.
Test Case Description

Direct solver:

e Side of the investigation domain: L = 3.0\
e Cubic domain divided in \/B X \/B cells

e Number of cells for the direct solver: D = 1600 (discretization = \/10)
Investigation domain:

e Cubic domain divided in vN x v/N cells

e Number of cells for the inversion: N = 324
Measurement domain:

e Total number of measurements: M € [2 : 38|

e Measurement points placed on circles of radius p = 3.0\
Sources:

e Plane waves

Number of views: V = 1; 07,

=0

1
2

Amplitude: A = 1.0

Frequency: F' = 300 MHz (A = 1)

Background:

e, =10

e 0 =0[S/m]

Scatterer:

e Scatterers size/sparsity factor: S = 1,2, 3,4

e Contrast: 7 = 0.5
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1.1 Aggregated Pixels, S = 2, SNR = 20 [dB]

Reconstructed Profiles
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Figure 1: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
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measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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1.2 Aggregated Pixels, S = 2, SNR = 10 [dB]

Reconstructed Profiles

15

Figure 2: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
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1.3 Aggregated Pixels, S = 3, SNR = 10 [dB]

Reconstructed Profiles
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Figure 3: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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Resume Error Figures - Total, Internal and External Errors vs. M

SNR =10 [dB]
9
L]
ol | ]
& '|
o . 4
¥ 00
= 1
S L1 4
5 61
o 1
E s5lan ]
2
<
= At 1
2
v
3 F -
~~
2 L I I I I I I I I I I (T —T=
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Number of Measurement Points, M
Uniform Sampling =—®-- Non-Uniform Sampling (PSO) —e—
(a)
SNR =10 [dB]
35
b
—
=)
-
x
%‘
=)
e
[
§
<
Z
v
obb v o
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Number of Measurement Points, M
Uniform Sampling —®- - Non-Uniform Sampling (PSO) —e—
(b)
SNR = 10 [dB]
—
o
-
X
%‘
=]
>
[
§
<
%
W

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Number of Measurement Points, M

Uniform Sampling =—m- - Non-Uniform Sampling (PSO) —e—

()

Figure 4: (a) Total, (b) internal and (c) external reconstruction errors vs. number of measurement points M shown in a
comparative fashion with those obtained when using a uniform measurement setup.
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1.4 Aggregated Pixels, S = 4, SNR = 20 [dB]

Reconstructed Profiles

15 05
ir 1 0.4
05 B §
03 3
s OF 1|
02 &
05 | .
1+ | 0.1
_15 1 1 1 1 O
15 -1 05 05 1 15
XI\
Non — Uniform Uniform
15 —— 0.5 15 — 05
1r 18 04 ir 18 o4
05 B . 05 = §
03§ 03
x x
< 0 - = 0 r B =
s @ = S = 5
02 02 @
05 4 05 | .
a1k _ 0.1 1k | 0.1
0
Il 15 | | | | | 0 15 | | | | 0
= 15 1 05 0 05 1 15 15 -1 05 0 05 15
XIN X/I\
(b) (9]
15 — 0.5 15 . — 05
1r 18 04 ir 18 o4
05 4 05 .

a 03 T “n 03 T
< OfF . E < OFf 1 =
> oy > oy

02 & 02 &
05 4 05 | .
4L 1H 01 1l 1H o1
D
I 15 ! L I I L 0 15 | ! ) ) o
= 15 1 05 0 05 1 15 15 -1 05 0 05 15
XIN X/I\
(d) (e)
15 — 0.5 15 — 05
1r 18 04 ir 18 0.4
05 4 05 .

1 0s = 1 0s =
< OfF . E < OFf 1 =
> oy > oy

02 & 02 &

05 4 05 | .
o 4L 1H 01 1l 1H o1
o™
Il 15 | | | | | 0 15 | | | | 0
= 15 1 05 0 05 1 15 15 -1 05 0 05 15

X/IN X/I\
) (&)

Figure 5: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .

page 8/28



Resume Error Figures - Total, Internal and External Errors vs. M
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Figure 6: (a) Total, (b) internal and (c) external reconstruction errors vs. number of measurement points M shown in a
comparative fashion with those obtained when using a uniform measurement setup.
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1.5 Aggregated Pixels, S = 4, SNR = 10 [dB]

Reconstructed Profiles
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Figure 7: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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Resume Error Figures - Total, Internal and External Errors vs. M
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Figure 8: (a) Total, (b) internal and (c) external reconstruction errors vs. number of measurement points M shown in a
comparative fashion with those obtained when using a uniform measurement setup.
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1.6 Analysis vs. S

1.6.1 Non-Aggregated Pixels

OBJECTIVE: This Section is aimed to validate the proposed approach when increasing S. The performance in terms

of reconstruction accuracy are still evaluated in a comparative fashion with the results obtained obtained when using a

uniform measurement setup.
Test Case Description

Direct solver:

e Side of the investigation domain: L = 3.0\
e Cubic domain divided in v'D x /D cells

e Number of cells for the direct solver: D = 1600 (discretization = \/10)

Investigation domain:

e Cubic domain divided in \/N X \/N cells

e Number of cells for the inversion: N = 324

Measurement domain:

e Total number of measurements: M € [2 : 38|

e Measurement points placed on circles of radius p = 3.0

Sources:

e Plane waves

=0

e Number of views: V = 1; 6 %

wmc

e Amplitude: A =1.0

e Frequency: F' =300 MHz (A = 1)
Background:

e, =10

e 0 =0[S/m]

Scatterer:

e Scatterers size/sparsity factor: S =1,2,3,4,5

e Contrast: 7 = 0.5
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Sel:5,M=2x5+1

Resume Error Figures - Total, Internal and External Errors vs. S for SN R = 20 [dB]
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Figure 9: (a) Total, (b) internal and (c) external reconstruction error vs. contrast 7 of the single-pixel scatterer.
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Resume Error Figures - Total, Internal and External Errors vs. S for SN R = 10 [dB]
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Figure 10: (a) Total, (b) internal and (c) external reconstruction error vs. contrast 7 of the single-pixel scatterer.
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1.6.2 Aggregated Pixels

OBJECTIVE: This Section is aimed to validate the proposed approach when increasing .S. The performance in terms

of reconstruction accuracy are still evaluated in a comparative fashion with the results obtained obtained when using a

uniform measurement setup.
Test Case Description

Direct solver:

e Side of the investigation domain: L = 3.0\
e Cubic domain divided in \/B X \/B cells

e Number of cells for the direct solver: D = 1600 (discretization = \/10)

Investigation domain:

e Cubic domain divided in vN x v/N cells

e Number of cells for the inversion: N = 324

Measurement domain:

e Total number of measurements: M € [2 : 38|

e Measurement points placed on circles of radius p = 3.0\

Sources:

e Plane waves

=0

e Number of views: V = 1; 6 %

wmc

e Amplitude: A =1.0

e Frequency: F' = 300 MHz (A = 1)
Background:

e, =10

e 0 =0[S/m]

Scatterer:

e Scatterers size/sparsity factor: S =1,2,3,4,5

e Contrast: 7 = 0.5
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Sel:4,M=2x5

Resume Error Figures - Total, Internal and External Errors vs. S for SN R = 20 [dB]
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Figure 11: (a) Total, (b) internal and (c) external reconstruction error vs. contrast 7 of the single-pixel scatterer.
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Resume Error Figures - Total, Internal and External Errors vs. S for SN R = 10 [dB]
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Figure 12: (a) Total, (b) internal and (c) external reconstruction error vs. contrast 7 of the single-pixel scatterer.
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Sel:4,M=2x5+1

Resume Error Figures - Total, Internal and External Errors vs. S for SN R = 20 [dB]
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Figure 13: (a) Total, (b) internal and (c) external reconstruction error vs. contrast 7 of the single-pixel scatterer.
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Resume Error Figures - Total, Internal and External Errors vs. S for SN R = 10 [dB]
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Figure 14: (a) Total, (b) internal and (c) external reconstruction error vs. contrast 7 of the single-pixel scatterer.

OUTCOMES:

e [f the scattered field samples are collected by the sensor placed within the observation domain according to the non-
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uniform optimized distributions the reconstruction errors are generally lower (or almost equal in some cases) than
those obtained considering a conventional uniform distribution (in which the sensor are equally-spaced), whatever

the number of pixels S.
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1.7 Analysis vs. Contrast, 7

OBJECTIVE: This Section is aimed to validate the proposed approach when increasing the contrast 7. The performance

in terms of reconstruction accuracy are still evaluated in a comparative fashion with the results obtained obtained when

using a uniform measurement setup.
Test Case Description

Direct solver:

e Side of the investigation domain: L = 3.0\
e Cubic domain divided in \/B X \/B cells

e Number of cells for the direct solver: D = 1600 (discretization = \/10)

Investigation domain:

e Cubic domain divided in vN x v/N cells

e Number of cells for the inversion: N = 324

Measurement domain:

e Total number of measurements: M € [2 : 38|

e Measurement points placed on circles of radius p = 3.0\

Sources:

e Plane waves
e Number of views: V =1;0] = = 0%

e Amplitude: A =1.0

e Frequency: F' = 300 MHz (A = 1)
Background:

e, =10

e 0 =0[S/m]
Scatterer:

e Scatterers size/sparsity factor: S = 3

e Contrast: 7 = [0.1 : 2.0]
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1.7.1 Aggregated Pixels, S = 3,7 = 1.0, SN R = 20 [dB]

Reconstructed Profiles
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Figure 15: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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1.7.2 Aggregated Pixels, S = 3,7 = 1.0, SNR = 10 [dB]

Reconstructed Profiles

15 T T 1
ir - | 18 os
05 . _
0.6 =
s OF =
04 &
05 | .
1l 1H o2
15 | | | | | 0
15 -1 05 0 05 1 15
XI\
(@)
Non — Uniform Uniform
15 —— 1 15 — 1
1 [ [ 18 os br 18 o8
05 u § 05 §
06 06
< O 8 E < OF - z
> oy > oy
04 & 04 &
05 4 05 | .
| ]
4 1H o2 1l 1H o2
Nej
Il 15 | | | | | 0 15 | | | | 0
= 15 1 05 0 05 1 15 15 -1 05 0 05 15
XIN X/I\
(b) (9]
1.5 T T T 1 15 T T 1
1 a 18 os ir 18 os
05 4 05 .
06 06
< O 8 E < OF - z
> oy > oy
04 & 04 &
05 4 05 | .
1H o2 oL 1H o2
- 1 1
Il 15 | | | | | 0 15 | | | | 0
= 15 1 05 0 05 1 15 15 -1 05 0 05 15
XIN X/I\
(d) (e)
1.5 T T T 1 15 T T 1
1 n 18 os ir - | 18 os
0.5 4 05 .
06 06
< O 8 E < OF - z
> oy > oy
04 & 04 &
-0.5 4 05 | .
- 4 1H o2 1L 1H o2
o™
Il 15 | | | | | 0 15 | | | | 0
= 15 1 05 0 05 1 15 15 -1 05 0 05 15
X/IN X/I\
) (&)

Figure 16: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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1.7.3 Aggregated Pixels, S = 3, 7 = 1.5, SN R = 20 [dB]

Reconstructed Profiles
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Figure 17: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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1.7.4 Aggregated Pixels, S = 3,7 = 1.5, SNR = 10 [dB]

Reconstructed Profiles
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Figure 18: (a) Actual and (b)(c) reconstructed profiles considering (b)(d)(f) non-uniform optimized and (c)(e)(g) uniform
measurement setup with (b)(c) minimum, (d)(e) intermediate/best and (f)(g) maximum M .
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More information on the topics of this document can be found in the following list of references.
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