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Abstract 
 

This work presents an  innovative microwave  imaging method to retrieve non‐weak 
targets  in  the compressive  sensing  (CS)  framework.  In order  to avoid  the contrast 
source  formulation  (CSF)  of  the  arising  inverse  scattering  (IS)  problem,  a  Born 
Iterative  (BI)  formulation  is adopted, and  the estimation of  the unknown  contrast 
function within the imaged domain is carried out by means of an iterative approach 
thanks to a customized multi‐task Bayesian compressive sensing (MT‐BCS) method. 
Some  preliminary  results  are  reported  in  order  to  verify  the  effectiveness  of  the 
proposed  hybrid  BI‐MT‐BCS  solution  strategy,  as  well  as  to  highlight  its  current 
limitations. 



Contents

1 Numeri
al Assessment 2

1.1 Square-shaped Obje
t, ℓ = λ/3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

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

mation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

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

Method (IMAX = 10) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

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

Method (Threshold η) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.2 L-shaped Obje
t, ℓ = λ/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.2.1 L-shaped Obje
t, ℓ = λ/2 - τ = 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.2.2 L-shaped Obje
t, ℓ = λ/2 - τ = 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.2.3 L-shaped Obje
t, ℓ = λ/2 - τ = 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1



1 Numeri
al Assessment

1.1 Square-shaped Obje
t, ℓ = λ/3

Figure 1: 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 = 4; 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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1.1.1 Square-shaped Obje
t, ℓ = λ/3 - MT-BCS re
onstru
ted pro�les with �rst Born approxi-

mation

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

(a)

SNR = 20dB SNR = 10dB SNR = 5dB

τ
=

2
.0

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5
y/

λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

(b) (
) (d)

Figure 2: Square-shaped Obje
t, ℓ = λ/3: (a) Dire
t problem with τ = 2.0, (b) MT-BCS re
onstru
ted pro�les

for SNR = 20 [dB℄, (
) SNR = 10 [dB℄ and (d) SNR = 5 [dB℄
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1.1.2 Square-shaped Obje
t, ℓ = λ/3 - MT-BCS re
onstru
ted pro�les with Born Iterative

Method (IMAX = 10)

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

(a)

SNR = 20dB SNR = 10dB SNR = 5dB

τ
=

2
.0

I
=

1

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5
y/

λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

(b) (
) (d)

τ
=

2
.0

I
=

2

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

(e) (f ) (g)

τ
=

2
.0

I
=

3

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

-1.5 -1 -0.5  0  0.5  1  1.5

x/λ

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

y/
λ

 0

 0.5

 1

 1.5

 2

 2.5

R
e[

τ(
x,

y)
]

(h) (i) (l)

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

pro�les for SNR = 20 [dB℄, (
)(f )(i) SNR = 10 [dB℄ and (d)(g)(l) SNR = 5 [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 4: Square-shaped Obje
t, ℓ = λ/3: (a)(d)(g)(l) MT-BCS re
onstru
ted pro�les for SNR = 20 [dB℄,

(b)(e)(h)(m) SNR = 10 [dB℄ and (
)(f )(i)(n) SNR = 5 [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 = 20dB SNR = 10dB SNR = 5dB
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Figure 5: Square-shaped Obje
t, ℓ = λ/3: (a)(d)(g)(l) MT-BCS re
onstru
ted pro�les for SNR = 20 [dB℄,

(b)(e)(h)(m) SNR = 10 [dB℄ and (
)(f )(i)(n) SNR = 5 [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 Square-shaped Obje
t, ℓ = λ/3 - MT-BCS re
onstru
ted pro�les with Born Iterative

Method (Threshold η)
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Figure 6: Square-shaped Obje
t, ℓ = λ/3: (a) Dire
t problem with τ = 2.0, (b) MT-BCS re
onstru
ted pro�les

for SNR = 20 [dB℄, (
) SNR = 10 [dB℄ and (d) SNR = 5 [dB℄ with (b)-(d) Born Iterative Method with

threshold η = 10
−3

8



1.2 L-shaped Obje
t, ℓ = λ/2

Figure 7: 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 = 4; 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 = 10

• η = 10
−3
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1.2.1 L-shaped Obje
t, ℓ = λ/2 - τ = 0.5
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Figure 8: L-shaped Obje
t, ℓ = λ/2: (a) Dire
t problem with τ = 0.5, (b)(e) MT-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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1.2.2 L-shaped Obje
t, ℓ = λ/2 - τ = 1.0
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Figure 9: L-shaped Obje
t, ℓ = λ/2: (a) Dire
t problem with τ = 1.0, (b)(e) MT-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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1.2.3 L-shaped Obje
t, ℓ = λ/2 - τ = 2.0
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Figure 10: L-shaped Obje
t, ℓ = λ/2: (a) Dire
t problem with τ = 2.0, (b)(e) MT-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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