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Abstract 
 

In  this  work,  the  solution  of  the  non‐linear  inverse  scattering  (IS)  problem  in 
presence of non‐weak scatterers  is dealt with. More  in detail, a customized hybrid 
solution  approach  is  developed  based  on  the  effective  combination  of  the  Born 
iterative method  (BIM)  formulation and a multi‐task Bayesian compressive sensing 
(MT‐BCS) solution approach. Thanks to the adopted strategy,  it  is possible to avoid 
the contrast source formulation (CSF) of the IS problem, as well as the use of time‐
consuming full‐wave simulations for the computation of the electric field inside the 
imaged domain. Some numerical results are shown to verify the effectiveness of the 
proposed IS solution method when dealing with the imaging of different pixel‐sparse 
targets under several noisy conditions. 
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1 Numerial Validation

1.1 E-shaped Objet, ℓ1 =
5

6
λ, ℓ2 = λ/2

Figure 1: E-shaped Objet

Test Case Desription

Diret solver:

• Cubi domain divided in

√
D ×

√
D ells

• Number of ells for the diret solver: D = 1296 (disretization = λ/12)

Inverse solver:

• Cubi domain divided in

√
N ×

√
N ells

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

Measurement domain:

• Total number of measurements: M = 27

• Measurement points plaed on irles of radius ρ = 3λ

Soures:

• Plane waves

• Number of views: V = 4; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequeny: F = 300 MHz (λ = 1)

Bakground:

• εr = 1.0

• σ = 0 [S/m℄
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Satterer

• E-shaped objet, ℓ1 =
5

6
λ, ℓ2 = λ/2

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.1.1 E-shaped Objet, ℓ1 =
5

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

6
λ, ℓ2 = λ/2: (a) Diret problem with τ = 0.5, (b) MT-BCS reonstruted

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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1.1.2 E-shaped Objet, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 1.0
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Figure 3: E-shaped Objet, ℓ1 =
5

6
λ, ℓ2 = λ/2: (a) Diret problem with τ = 1.0, (b)(e) MT-BCS reonstruted

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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1.1.3 E-shaped Objet, ℓ1 =
5

6
λ, ℓ2 = λ/2 - τ = 2.0
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Figure 4: E-shaped Objet, ℓ1 =
5

6
λ, ℓ2 = λ/2: (a) Diret problem with τ = 2.0, (b)(e) MT-BCS reonstruted

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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1.2 C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2

Figure 5: C-shaped Objet

Test Case Desription

Diret solver:

• Cubi domain divided in

√
D ×

√
D ells

• Number of ells for the diret solver: D = 1296 (disretization = λ/12)

Inverse solver:

• Cubi domain divided in

√
N ×

√
N ells

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

Measurement domain:

• Total number of measurements: M = 27

• Measurement points plaed on irles of radius ρ = 3λ

Soures:

• Plane waves

• Number of views: V = 4; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequeny: F = 300 MHz (λ = 1)

Bakground:

• εr = 1.0

• σ = 0 [S/m℄
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Satterer

• C-shaped objet, ℓ1 =
2

3
λ, ℓ2 = λ/2

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.2.1 C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 0.5
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Figure 6: C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2: (a) Diret problem with τ = 0.5, (b) MT-BCS reonstruted

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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1.2.2 C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 1.0
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Figure 7: C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2: (a) Diret problem with τ = 1.0, (b)(e) MT-BCS reonstruted

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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1.2.3 C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2 - τ = 2.0
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Figure 8: C-shaped Objet, ℓ1 =
2

3
λ, ℓ2 = λ/2: (a) Diret problem with τ = 2.0, (b)(e) MT-BCS reonstruted

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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1.3 Retangle-shaped Objet, ℓ = λ/2, h = λ/3

Figure 9: Retangle-shaped Objet

Test Case Desription

Diret solver:

• Cubi domain divided in

√
D ×

√
D ells

• Number of ells for the diret solver: D = 1296 (disretization = λ/12)

Inverse solver:

• Cubi domain divided in

√
N ×

√
N ells

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

Measurement domain:

• Total number of measurements: M = 27

• Measurement points plaed on irles of radius ρ = 3λ

Soures:

• Plane waves

• Number of views: V = 4; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequeny: F = 300 MHz (λ = 1)

Bakground:

• εr = 1.0

• σ = 0 [S/m℄
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Satterer

• Retangle-shaped objet, ℓ = λ/2, h = λ/3

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.3.1 Retangle-shaped Objet, ℓ = λ/2, h = λ/3 - τ = 0.5
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Figure 10: Retangle-shaped Objet, ℓ = λ/2, h = λ/3: (a) Diret problem with τ = 0.5, (b) MT-BCS

reonstruted 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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1.3.2 Retangle-shaped Objet, ℓ = λ/2, h = λ/3 - τ = 1.0
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Figure 11: Retangle-shaped Objet, ℓ = λ/2, h = λ/3: (a) Diret problem with τ = 1.0, (b)(e) MT-BCS

reonstruted 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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1.3.3 Retangle-shaped Objet, ℓ = λ/2, h = λ/3 - τ = 2.0
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Figure 12: Retangle-shaped Objet, ℓ = λ/2, h = λ/3: (a) Diret problem with τ = 2.0, (b)(e) MT-BCS

reonstruted 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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Figure 13: Retangle-shaped Objet, ℓ = λ/2, h = λ/3: (a) Diret problem with τ = 2.0, (b)(e) MT-BCS

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

Iterative Method-I = 1, (e)-(g) Born Iterative Method- I = 10
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1.4 Multiple Objets

Figure 14: Square-shaped Objet

Test Case Desription

Diret solver:

• Cubi domain divided in

√
D ×

√
D ells

• Number of ells for the diret solver: D = 1296 (disretization = λ/12)

Inverse solver:

• Cubi domain divided in

√
N ×

√
N ells

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

Measurement domain:

• Total number of measurements: M = 27

• Measurement points plaed on irles of radius ρ = 3λ

Soures:

• Plane waves

• Number of views: V = 4; θvinc = 0◦ + (v − 1)× (360/V )

• Amplitude: A = 1.0

• Frequeny: F = 300 MHz (λ = 1)

Bakground:

• εr = 1.0

• σ = 0 [S/m℄
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Satterer

• 3 Square-shaped objet, ℓ = λ/3

• εr ∈ {1.5, 2.0, 3.0}

• σ = 0 [S/m℄

Born Iterative Method

• IMAX = 10

• η = 10
−3
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1.4.1 Multiple Objets, τ = 0.5
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Figure 15: Multiple Objets, 3 square-shaped Objets:ℓ = λ/3: (a) Diret problem with τ = 0.5, (b) MT-BCS

reonstruted 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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1.4.2 Multiple Objet, τ = 1.0
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Figure 16: Multiple Objets, 3 square-shaped Objets:ℓ = λ/3: (a) Diret problem with τ = 1.0, (b)(e) MT-BCS

reonstruted 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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1.4.3 Multiple Objets, τ = 2.0
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Figure 17: Multiple Objets, 3 square-shaped Objets:ℓ = λ/3: (a) Diret problem with τ = 2.0, (b)(e) MT-BCS

reonstruted 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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