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Abstract 
 

This  work  deals  with  the  problem  of  imaging  non‐weak  scatterers  in  the 
Compressive Sensing  (CS)  framework. Towards this end, an  innovative hybrid Born 
Iterative Compressive Sensing method  has been developed, by suitably formulating 
the non‐linear  inverse scattering (IS) problem at hand within the Born Iterative (BI) 
framework and exploiting a customized version of  the single‐task Bayesian CS  (ST‐
BCS)  solution  method.  Selected  numerical  results  are  shown  to  assess  the 
potentialities of  the proposed  IS methodology when dealing with  several  types of 
unknown scatterers and processing noisy data with different signal‐to‐noise ratios. 
 



Contents

1 Numeri
al Results 3

1.1 Re
tangular-shaped Obje
t ℓ = λ/6, h = λ/4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.1.1 Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4, - ST-BCS re
onstru
ted pro�les with �rst

Born approximation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.1.2 Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4, - ST-BCS re
onstru
ted pro�les with Born

Iterative Method (IMAX = 10) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.1.3 Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4, - ST-BCS re
onstru
ted pro�les with Born

Iterative Method (Threshold η) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.2 Square-shaped Obje
t, ℓ = λ/4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.2.1 Square-shaped Obje
t, ℓ = λ/4 - ST-BCS re
onstru
ted pro�les with �rst Born approxi-

mation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.2.2 Square-shaped Obje
t, ℓ = λ/4 - ST-BCS re
onstru
ted pro�les with Born Iterative

Method (IMAX = 10) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.2.3 Square-shaped Obje
t, ℓ = λ/4 - ST-BCS re
onstru
ted pro�les with Born Iterative

Method (Threshold η) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.3 Square-shaped Obje
t, ℓ = λ/3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.3.1 Square-shaped Obje
t, ℓ = λ/3 - ST-BCS re
onstru
ted pro�les with �rst Born approxi-

mation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.3.2 Square-shaped Obje
t, ℓ = λ/3 - ST-BCS re
onstru
ted pro�les with Born Iterative

Method (IMAX = 10) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

1.3.3 Square-shaped Obje
t, ℓ = λ/3 - ST-BCS re
onstru
ted pro�les with Born Iterative

Method (Threshold η) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

1.4 L-shaped Obje
t, ℓ = λ/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

1.4.1 L-shaped Obje
t, ℓ = λ/2 - τ = 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

1.4.2 L-shaped Obje
t, ℓ = λ/2 - τ = 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

1.4.3 L-shaped Obje
t, ℓ = λ/2 - τ = 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

1.5 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

1.5.1 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . 31

1.5.2 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . 32

1.5.3 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . 33

1.6 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

1.6.1 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . 36

1.6.2 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . 37

1



1.6.3 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . 38

1.7 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

1.7.1 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 - τ = 0.5 . . . . . . . . . . . . . . . . . . . . . 41

1.7.2 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 - τ = 1.0 . . . . . . . . . . . . . . . . . . . . . 42

1.7.3 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 - τ = 2.0 . . . . . . . . . . . . . . . . . . . . . 43

1.8 Multiple Obje
ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

1.8.1 Multiple Obje
ts, τ = 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

1.8.2 Multiple Obje
t, τ = 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

1.8.3 Multiple Obje
ts, τ = 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

2



1 Numeri
al Results

1.1 Re
tangular-shaped Obje
t ℓ = λ/6, h = λ/4

Figure 1: Re
tangle-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• Re
tangle-shaped obje
t, ℓ = λ/6, h = λ/4

• εr ∈ 4.0

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.1.1 Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4, - ST-BCS re
onstru
ted pro�les with �rst Born

approximation
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Figure 2: Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4: (a) Dire
t problem with τ = 3.0, (b) ST-BCS re
on-

stru
ted pro�les for SNR = 50 [dB℄, (
) SNR = 30 [dB℄ and (d) SNR = 20 [dB℄
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1.1.2 Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4, - ST-BCS re
onstru
ted pro�les with Born

Iterative Method (IMAX = 10)
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Figure 3: Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4: (a) Dire
t problem with τ = 3.0, (b)(e)(h) ST-BCS

re
onstru
ted pro�les for SNR = 50 [dB℄, (
)(f )(i) SNR = 30 [dB℄ and (d)(g)(l) SNR = 20 [dB℄ with (b)-(d)

Born Iterative Method at the �rst iteration (I = 1), (e)-(g) Born Iterative Method at the se
ond iteration

(I = 2), (h)-(l) Born Iterative Method at the third iteration (I = 3)
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SNR = 50dB SNR = 30dB SNR = 20dB
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Figure 4: Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4: (a)(d)(g)(l) ST-BCS re
onstru
ted pro�les for SNR = 50

[dB℄, (b)(e)(h)(m) SNR = 30 [dB℄ and (
)(f )(i)(n) SNR = 20 [dB℄ with (a)-(
) Born Iterative Method at

the fourth iteration (I = 4), (d)-(f ) Born Iterative Method at the �fth iteration (I = 5), (g)-(i) Born Iterative

Method at the sixth iteration (I = 6) , (l)-(n) Born Iterative Method at the seventh iteration (I = 7)
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SNR = 50dB SNR = 30dB SNR = 20dB
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Figure 5: Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4: (a)(d)(g)(l) ST-BCS re
onstru
ted pro�les for SNR = 50

[dB℄, (b)(e)(h)(m) SNR = 30 [dB℄ and (
)(f )(i)(n) SNR = 20 [dB℄ with (a)-(
) Born Iterative Method at the

eighth iteration (I = 8), (d)-(f ) Born Iterative Method at the ninth iteration (I = 9), (g)-(i) Born Iterative

Method at the tenth iteration (I = 10)
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1.1.3 Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4, - ST-BCS re
onstru
ted pro�les with Born

Iterative Method (Threshold η)
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Figure 6: Re
tangle-shaped Obje
t, ℓ = λ/6, h = λ/4: (a) Dire
t problem with τ = 3.0, (b) ST-BCS re
on-

stru
ted pro�les for SNR = 50 [dB℄, (
) SNR = 30 [dB℄ and (d) SNR = 20 [dB℄ with (b)-(d) Born Iterative

Method with threshold η = 10
−3
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1.2 Square-shaped Obje
t, ℓ = λ/4

Figure 7: Square-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• Square-shaped obje
t, ℓ = λ/4

• εr ∈ 3.0

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.2.1 Square-shaped Obje
t, ℓ = λ/4 - ST-BCS re
onstru
ted pro�les with �rst Born approxi-

mation
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Figure 8: Square-shaped Obje
t, ℓ = λ/4: (a) Dire
t problem with τ = 2.0, (b) ST-BCS re
onstru
ted pro�les

for SNR = 50 [dB℄, (
) SNR = 30 [dB℄ and (d) SNR = 20 [dB℄
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1.2.2 Square-shaped Obje
t, ℓ = λ/4 - ST-BCS re
onstru
ted pro�les with Born Iterative Method

(IMAX = 10)
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Figure 9: Square-shaped Obje
t, ℓ = λ/4: (a) Dire
t problem with τ = 2.0, (b)(e)(h) ST-BCS re
onstru
ted

pro�les for SNR = 50 [dB℄, (
)(f )(i) SNR = 30 [dB℄ and (d)(g)(l) SNR = 20 [dB℄ with (b)-(d) Born Iterative

Method at the �rst iteration (I = 1), (e)-(g) Born Iterative Method at the se
ond iteration (I = 2), (h)-(l)

Born Iterative Method at the third iteration (I = 3)
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SNR = 50dB SNR = 30dB SNR = 20dB
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Figure 10: Square-shaped Obje
t, ℓ = λ/4: (a)(d)(g)(l) ST-BCS re
onstru
ted pro�les for SNR = 50 [dB℄,

(b)(e)(h)(m) SNR = 30 [dB℄ and (
)(f )(i)(n) SNR = 20 [dB℄ with (a)-(
) Born Iterative Method at the

fourth iteration (I = 4), (d)-(f ) Born Iterative Method at the �fth iteration (I = 5), (g)-(i) Born Iterative

Method at the sixth iteration (I = 6) , (l)-(n) Born Iterative Method at the seventh iteration (I = 7)
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SNR = 50dB SNR = 30dB SNR = 20dB
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Figure 11: Square-shaped Obje
t, ℓ = λ/4: (a)(d)(g)(l) ST-BCS re
onstru
ted pro�les for SNR = 50 [dB℄,

(b)(e)(h)(m) SNR = 30 [dB℄ and (
)(f )(i)(n) SNR = 20 [dB℄ with (a)-(
) Born Iterative Method at the

eighth iteration (I = 8), (d)-(f ) Born Iterative Method at the ninth iteration (I = 9), (g)-(i) Born Iterative

Method at the tenth iteration (I = 10)
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1.2.3 Square-shaped Obje
t, ℓ = λ/4 - ST-BCS re
onstru
ted pro�les with Born Iterative Method

(Threshold η)
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Figure 12: Square-shaped Obje
t, ℓ = λ/4: (a) Dire
t problem with τ = 2.0, (b) ST-BCS re
onstru
ted pro�les

for SNR = 50 [dB℄, (
) SNR = 30 [dB℄ and (d) SNR = 20 [dB℄ with (b)-(d) Born Iterative Method with

threshold η = 10
−3
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1.3 Square-shaped Obje
t, ℓ = λ/3

Figure 13: Square-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• Square-shaped obje
t, ℓ = λ/3

• εr ∈ 3.0

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.3.1 Square-shaped Obje
t, ℓ = λ/3 - ST-BCS re
onstru
ted pro�les with �rst Born approxi-

mation
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Figure 14: Square-shaped Obje
t, ℓ = λ/3: (a) Dire
t problem with τ = 2.0, (b) ST-BCS re
onstru
ted pro�les

for SNR = 50 [dB℄, (
) SNR = 30 [dB℄ and (d) SNR = 20 [dB℄
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1.3.2 Square-shaped Obje
t, ℓ = λ/3 - ST-BCS re
onstru
ted pro�les with Born Iterative Method

(IMAX = 10)
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Figure 15: Square-shaped Obje
t, ℓ = λ/3: (a) Dire
t problem with τ = 2.0, (b)(e)(h) ST-BCS re
onstru
ted

pro�les for SNR = 50 [dB℄, (
)(f )(i) SNR = 30 [dB℄ and (d)(g)(l) SNR = 20 [dB℄ with (b)-(d) Born Iterative

Method at the �rst iteration (I = 1), (e)-(g) Born Iterative Method at the se
ond iteration (I = 2), (h)-(l)

Born Iterative Method at the third iteration (I = 3)
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Figure 16: Square-shaped Obje
t, ℓ = λ/3: (a)(d)(g)(l) ST-BCS re
onstru
ted pro�les for SNR = 50 [dB℄,

(b)(e)(h)(m) SNR = 30 [dB℄ and (
)(f )(i)(n) SNR = 20 [dB℄ with (a)-(
) Born Iterative Method at the

fourth iteration (I = 4), (d)-(f ) Born Iterative Method at the �fth iteration (I = 5), (g)-(i) Born Iterative

Method at the sixth iteration (I = 6) , (l)-(n) Born Iterative Method at the seventh iteration (I = 7)
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SNR = 50dB SNR = 30dB SNR = 20dB
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Figure 17: Square-shaped Obje
t, ℓ = λ/3: (a)(d)(g)(l) ST-BCS re
onstru
ted pro�les for SNR = 50 [dB℄,

(b)(e)(h)(m) SNR = 30 [dB℄ and (
)(f )(i)(n) SNR = 20 [dB℄ with (a)-(
) Born Iterative Method at the

eighth iteration (I = 8), (d)-(f ) Born Iterative Method at the ninth iteration (I = 9), (g)-(i) Born Iterative

Method at the tenth iteration (I = 10)
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1.3.3 Square-shaped Obje
t, ℓ = λ/3 - ST-BCS re
onstru
ted pro�les with Born Iterative Method

(Threshold η)
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Figure 18: Square-shaped Obje
t, ℓ = λ/3: (a) Dire
t problem with τ = 2.0, (b) ST-BCS re
onstru
ted pro�les

for SNR = 50 [dB℄, (
) SNR = 30 [dB℄ and (d) SNR = 20 [dB℄ with (b)-(d) Born Iterative Method with

threshold η = 10
−3
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1.4 L-shaped Obje
t, ℓ = λ/2

Figure 19: L-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• L-shaped obje
t, ℓ = λ/2

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 6

• η = 10
−3
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1.4.1 L-shaped Obje
t, ℓ = λ/2 - τ = 0.5
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Figure 20: L-shaped Obje
t, ℓ = λ/2: (a) Dire
t problem with τ = 0.5, (b)(e) ST-BCS re
onstru
ted pro�les

for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born approximation,

(e)-(g) Born Iterative Method
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1.4.2 L-shaped Obje
t, ℓ = λ/2 - τ = 1.0
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Figure 21: L-shaped Obje
t, ℓ = λ/2: (a) Dire
t problem with τ = 1.0, (b)(e) ST-BCS re
onstru
ted pro�les

for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born approximation,

(e)-(g) Born Iterative Method

SNR = 20dB SNR = 10dB SNR = 5dB
Number of iterations 3 3 3

Table I: Number of steps before the break
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1.4.3 L-shaped Obje
t, ℓ = λ/2 - τ = 2.0
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Figure 22: L-shaped Obje
t, ℓ = λ/2: (a) Dire
t problem with τ = 2.0, (b)(e) ST-BCS re
onstru
ted pro�les

for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born approximation,

(e)-(g) Born Iterative Method
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1.5 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2

Figure 23: E-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• E-shaped obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 6

• η = 10
−3

30



1.5.1 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 0.5
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Figure 24: E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2: (a) Dire
t problem with τ = 0.5, (b) ST-BCS re
onstru
ted

pro�les for SNR = 20 [dB℄, (
) SNR = 10 [dB℄ and (d) SNR = 5 [dB℄ with (b)-(d) First Born approximation,

(e)-(g) Born Iterative Method
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1.5.2 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 1.0
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Figure 25: E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2: (a) Dire
t problem with τ = 1.0, (b)(e) ST-BCS re
onstru
ted

pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born

approximation, (e)-(g) Born Iterative Method
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1.5.3 E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 2.0
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Figure 26: E-shaped Obje
t, ℓ1 =
5

6
λ, ℓ2 = λ/2: (a) Dire
t problem with τ = 2.0, (b)(e) ST-BCS re
onstru
ted

pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born

approximation, (e)-(g) Born Iterative Method
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1.6 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2

Figure 27: C-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• C-shaped obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 6

• η = 10
−3
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1.6.1 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 0.5
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Figure 28: C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2: (a) Dire
t problem with τ = 0.5, (b) ST-BCS re
onstru
ted

pro�les for SNR = 20 [dB℄, (
) SNR = 10 [dB℄ and (d) SNR = 5 [dB℄ with (b)-(d) First Born approximation,

(e)-(g) Born Iterative Method
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1.6.2 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 1.0
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Figure 29: C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2: (a) Dire
t problem with τ = 1.0, (b)(e) ST-BCS re
onstru
ted

pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born

approximation, (e)-(g) Born Iterative Method
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1.6.3 C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 2.0
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Figure 30: C-shaped Obje
t, ℓ1 =
2

3
λ, ℓ2 = λ/2: (a) Dire
t problem with τ = 2.0, (b)(e) ST-BCS re
onstru
ted

pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First Born

approximation, (e)-(g) Born Iterative Method

38



1.7 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3

Figure 31: Re
tangle-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• Re
tangle-shaped obje
t, ℓ = λ/2, h = λ/3

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 6

• η = 10
−3
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1.7.1 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 - τ = 0.5
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Figure 32: Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3: (a) Dire
t problem with τ = 0.5, (b) ST-BCS re
on-

stru
ted pro�les for SNR = 20 [dB℄, (
) SNR = 10 [dB℄ and (d) SNR = 5 [dB℄ with (b)-(d) First Born

approximation, (e)-(g) Born Iterative Method
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1.7.2 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 - τ = 1.0
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Figure 33: Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3: (a) Dire
t problem with τ = 1.0, (b)(e) ST-BCS

re
onstru
ted pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First

Born approximation, (e)-(g) Born Iterative Method
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1.7.3 Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3 - τ = 2.0
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Figure 34: Re
tangle-shaped Obje
t, ℓ = λ/2, h = λ/3: (a) Dire
t problem with τ = 2.0, (b)(e) ST-BCS

re
onstru
ted pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First

Born approximation, (e)-(g) Born Iterative Method
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1.8 Multiple Obje
ts

Figure 35: Square-shaped Obje
t

Test Case Des
ription

Dire
t solver:

• Cubi
 domain divided in

√
D ×

√
D 
ells

• Number of 
ells for the dire
t solver: D = 1296 (dis
retization = λ/12)

Inverse solver:

• Cubi
 domain divided in

√
N ×

√
N 
ells

• Number of 
ells for the inversion: N = 324 (dis
retization = λ/6)

Measurement domain:

• Total number of measurements: M = 27

• Measurement points pla
ed on 
ir
les of radius ρ = 3λ

Sour
es:

• Plane waves

• Number of views: V = 27; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequen
y: F = 300 MHz (λ = 1)

Ba
kground:

• εr = 1.0

• σ = 0 [S/m℄
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S
atterer

• 3 Square-shaped obje
t, ℓ = λ/3

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 6

• η = 10
−3
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1.8.1 Multiple Obje
ts, τ = 0.5
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Figure 36: Multiple Obje
ts, 3 square-shaped Obje
ts:ℓ = λ/3: (a) Dire
t problem with τ = 0.5, (b) ST-BCS
re
onstru
ted pro�les for SNR = 20 [dB℄, (
) SNR = 10 [dB℄ and (d) SNR = 5 [dB℄ with (b)-(d) First Born

approximation, (e)-(g) Born Iterative Method
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1.8.2 Multiple Obje
t, τ = 1.0
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Figure 37: Multiple Obje
ts, 3 square-shaped Obje
ts:ℓ = λ/3: (a) Dire
t problem with τ = 1.0, (b)(e) ST-BCS
re
onstru
ted pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First

Born approximation, (e)-(g) Born Iterative Method
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1.8.3 Multiple Obje
ts, τ = 2.0
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Figure 38: Multiple Obje
ts, 3 square-shaped Obje
ts:ℓ = λ/3: (a) Dire
t problem with τ = 2.0, (b)(e) ST-BCS
re
onstru
ted pro�les for SNR = 20 [dB℄, (
)(f ) SNR = 10 [dB℄ and (d)(g) SNR = 5 [dB℄ with (b)-(d) First

Born approximation, (e)-(g) Born Iterative Method
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