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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 (/S) 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.
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1 Numerical Results

1.1 Rectangular-shaped Object ¢ = \/6, h = \/4

‘B

(

Figure 1: Rectangle-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)
Inverse solver:

e Cubic domain divided in VN x V/N cells

e Number of cells for the inversion: N = 324 (discretization = \/6)
Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\
Sources:

e Plane waves

Number of views: V =27; 6;,. =0° + (v —1) x (360/V)

Amplitude: A =1.0

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

Background:
e ¢, =1.0
e 0 =0[S/m]



Scatterer

e Rectangle-shaped object, £ = \/6, h = \/4
e £. 4.0

e 0 =0[S/m]
Born Iterative Method

o Ipjax =10

o= 10—3



1.1.1 Rectangle-shaped Object, { = \/6, h = A/4, - ST-BCS reconstructed profiles with first Born

approximation
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Figure 2: Rectangle-shaped Object, £ = X\/6, h = \/4: (a) Direct problem with 7 = 3.0, (b) ST-BCS recon-
structed profiles for SNR = 50 [dB], (¢) SNR = 30 [dB] and (d) SNR = 20 [dB]



1.1.2 Rectangle-shaped Object, ¢ = /6, h = \/4,

Iterative Method (Ip;4x = 10)

- ST-BCS reconstructed profiles with Born
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Figure 3: Rectangle-shaped Object, ¢ = \/6, h = A\/4: (a) Direct problem with 7 = 3.0, (b)(e)(h) ST-BCS
reconstructed profiles for SN R = 50 [dB], (¢)(f)(i) SNR = 30 [dB] and (d)(g)(I) SNR = 20 [dB] with (b)-(d)
Born Iterative Method at the first iteration (I = 1), (e)-(¢) Born Iterative Method at the second iteration
(I =2), (h)-(1) Born Tterative Method at the third iteration (I = 3)
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Figure 4: Rectangle-shaped Object, £ = \/6, h = A\/4: (a)(d)(g)(I) ST-BCS reconstructed profiles for SN R = 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 fifth iteration (I =5), (g¢)-(i¢) Born Iterative
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Method at the sixth iteration (I = 6) , (I)-(n) Born Iterative Method at the seventh iteration (I = 7)

35

25

15

0.5

35

25

15

0.5

3.5

25

15

0.5

35

25

15

0.5

Re[t(x.y)]

Re[t(x.y)]

Re[t(x.y)]

Re[t(x.y)]



15 T T T T T 35 15 T T T T T 35 15 T T T T
1+ g 3 1 i 3 1 i
25 25
05 u 4 05 u 4 05 u 4
< 2 = 2 =
™ H S or B i S or ] i S of 7
|| 15 & 15 @2
05 4 05 4 05 4
& 1 1
1r TH os 1 TH 05 1r ]
15 I I I I I 0 15 I I I I I 0 15 I I I I
45 -1 05 0 05 1 15 45 -1 05 0 05 1 15 -15 05 0 05 1 15
XA X\ XA
(a) (b) (c)
15 : | 35 15 : | 35 15 ! |
1+ g 3 1 i 3 1 i
25 25
05 u 4 05 u 4 05 u 4
< 2 = 2 B
o H S or B i S or ] i S of 7
Il 15 & 15 @2
05 4 05 4 05 4
& 1 1
1 IH os 1 7t os 1 7
15 I I I I I 0 15 I I I I I 0 15 I I I I
45 -1 05 0 05 1 15 45 -1 05 0 05 1 15 -15 05 0 05 1 15
XA X\ XA
(d) (e) (f)
15 ; ; 35 15 ; ; 35 15 ; ;
1+ 18 3 1+ 18 3 1k i
25 25
05 | u E 05 u E 05 | E
S o 2 3 2 3=
= s ol B 2 s of M 2 s of ]
Tl 15 & 15 &
~ 0.5 B 05 B 05 - B
E 1 1
1r Tt o5 1 Tk os 1r 1
15 I I I I I 0 15 I I I I I 0 15 I I I I
15 -1 05 0 05 1 15 15 -1 05 0 05 1 15 15 05 05 1 15
XI\ X\

Re[t(x.y)]

Re[t(x.y)]

Re[t(x.y)]

Figure 5: Rectangle-shaped Object, £ = \/6, h = A\/4: (a)(d)(g)(I) ST-BCS reconstructed profiles for SN R = 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)-(7) Born Iterative
Method at the tenth iteration (I = 10)



1.1.3 Rectangle-shaped Object, ¢ = /6, h = \/4,
Iterative Method (Threshold 7)

- ST-BCS reconstructed profiles with Born
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Figure 6: Rectangle-shaped Object, £ = X\/6, h = \/4: (a) Direct problem with 7 = 3.0, (b
(d) Born Iterative

structed profiles for SNR = 50 [dB], (¢) SNR = 30 [dB] and (d) SNR = 20 [dB] with (b)-
Method with threshold n = 1073

)
d)



1.2 Square-shaped Object, { = \/4
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Figure 7: Square-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v'D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)
Inverse solver:

e Cubic domain divided in VN x VN cells

e Number of cells for the inversion: N = 324 (discretization = \/6)
Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\
Sources:

e Plane waves

e Number of views: V = 27; 6;,,. = 0° 4+ (v — 1) x (360/V)

e Amplitude: A =1.0

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

Background:
e . =10
e 0 =0[S/m]
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Scatterer

e Square-shaped object, { = \/4
® c.€3.0

e 0 =0[S/m]
Born Iterative Method

o Ipjax =10

o= 10—3
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Figure 8: Square-shaped Object, £ = \/4: (a) Direct problem with 7 = 2.0,

for SNR = 50 [dB], (¢) SNR = 30 [dB] and (d) SNR = 20 [dB]
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1.2.2 Square-shaped Object, / = \/4 - ST-BCS recounstructed profiles with Born Iterative Method
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Figure 9: Square-shaped Object, £ = \/4: (a) Direct problem with 7 = 2.0, (b)(e)(h) ST-BCS reconstructed
profiles for SNR = 50 [dB], (¢)(f)(i) SNR = 30 [dB] and (d)(¢)({) SNR = 20 [dB] with (b)-(d) Born Iterative
Method at the first iteration (I = 1), (e)-(g) Born Iterative Method at the second iteration (I = 2), (h)-()
Born Iterative Method at the third iteration (I = 3)
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Figure 10: Square-shaped Object, ¢ = \/4: (a)(d)(g)(I) ST-BCS reconstructed profiles for SNR = 50 [dB],
(b)(e)(h)(m) SNR = 30 [dB] and (¢)(f)(é)(n) SNR = 20 [dB] with (a)-(¢) Born Iterative Method at the
fourth iteration (I = 4), (d)-(f) Born Iterative Method at the fifth iteration (I = 5), (¢)-(i) Born Iterative
Method at the sixth iteration (I = 6) , (I)-(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 Object, ¢ = \/4: (a)(d)(g)(I) ST-BCS reconstructed profiles for SNR = 50 [dB],
(b)(e)(h)(m) SNR = 30 [dB] and (¢)(f)(i)(n) SNR = 20 [dB] with (a)-(c) Born Iterative Method at the
eighth iteration (I = 8), (d)-(f) Born Iterative Method at the ninth iteration (I = 9), (¢g)-(7) Born Iterative
Method at the tenth iteration (I = 10)
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1.2.3 Square-shaped Object, / = \/4 - ST-BCS reconstructed profiles with Born Iterative Method
(Threshold 7)
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Figure 12: Square-shaped Object, { = A/4: (a) Direct problem with 7 = 2.0, (b) ST-BCS reconstructed profiles
for SNR = 50 [dB], (¢) SNR = 30 [dB] and (d) SNR = 20 [dB] with (b)-(d) Born Iterative Method with
threshold n = 1073
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1.3 Square-shaped Object, ¢/ = \/3

Figure 13: Square-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v'D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)
Inverse solver:

e Cubic domain divided in VN x VN cells

e Number of cells for the inversion: N = 324 (discretization = \/6)
Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\
Sources:

e Plane waves

Number of views: V =27; 6}, =0° + (v —1) x (360/V)
e Amplitude: A =1.0

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

Background:
e ¢, =10
e o =0 [S/m]
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Scatterer

e Square-shaped object, { = \/3
e £. 3.0

e 0 =0[S/m]
Born Iterative Method

o Ipjax =10

o= 10—3
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1.3.1 Square-shaped Object, { = \/3 - ST-BCS reconstructed profiles with first Born approxi-

mation
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Figure 14: Square-shaped Object, { = \/3: (a) Direct problem with 7 = 2.0, (b) ST-BCS reconstructed profiles
for SNR =50 [dB], (¢) SNR =30 [dB] and (d) SNR = 20 [dB]
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1.3.2 Square-shaped Object, / = \/3 - ST-BCS reconstructed profiles with Born Iterative Method
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Figure 15: Square-shaped Object, ¢ = \/3: (a) Direct problem with 7 = 2.0, (b)(e)(h) ST-BCS reconstructed
profiles for SNR = 50 [dB], (¢)(f)(i) SNR = 30 [dB] and (d)(g¢)(I) SNR = 20 [dB] with (b)-(d) Born Iterative
Method at the first iteration (I = 1), (e)-(g) Born Iterative Method at the second iteration (I = 2), (h)-()
Born Iterative Method at the third iteration (I = 3)
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Figure 16: Square-shaped Object, ¢ = \/3: (a)(d)(g)(I) ST-BCS reconstructed profiles for SNR = 50 [dB],
(b)(e)(h)(m) SNR = 30 [dB] and (¢)(f)(é)(n) SNR = 20 [dB] with (a)-(¢) Born Iterative Method at the
fourth iteration (I = 4), (d)-(f) Born Iterative Method at the fifth iteration (I = 5), (¢)-(i) Born Iterative
Method at the sixth iteration (I = 6) , (I)-(n) Born Iterative Method at the seventh iteration (I = 7)
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Figure 17: Square-shaped Object, ¢ = \/3: (a)(d)(g)(I) ST-BCS reconstructed profiles for SNR = 50 [dB],
(b)(e)(h)(m) SNR = 30 [dB] and (¢)(f)(i)(n) SNR = 20 [dB] with (a)-(c) Born Iterative Method at the
eighth iteration (I = 8), (d)-(f) Born Iterative Method at the ninth iteration (I = 9), (¢g)-(7) Born Iterative

Method at the tenth iteration (I = 10)
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1.3.3 Square-shaped Object, / = \/3 - ST-BCS recounstructed profiles with Born Iterative Method
(Threshold 7)
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Figure 18: Square-shaped Object, £ = \/3: (a) Direct problem with 7 = 2.0, (b) ST-BCS reconstructed profiles
for SNR = 50 [dB], (¢) SNR = 30 [dB] and (d) SNR = 20 [dB] with (b)-(d) Born Iterative Method with
threshold n = 1073
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1.4 L-shaped Object, ¢/ = \/2

Figure 19: L-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in /D x v/ D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)

Inverse solver:

e Cubic domain divided in VN x /N cells

e Number of cells for the inversion: N = 324 (discretization = \/6)

Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\

Sources:

Plane waves

e Number of views: V = 27; 0;,. = 0° + (v — 1) x (360/V)

Amplitude: A =1.0

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

Background:
e ¢, =1.0
e 0 =0][S/m]
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Scatterer

e L-shaped object, £ = \/2
e . € {15, 2.0, 3.0}

e 0 =0[S/m)|

Born Iterative Method

o Iyyax =6

o= 10—3
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1.4.1 L-shaped Object, {=)X/2-7=0.5
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Figure 20: L-shaped Object, { = \/2: (a) Direct problem with 7 = 0.5, (b)(e) ST-BCS reconstructed profiles
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 Object, {=\/2-7=1.0
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Figure 21: L-shaped Object, { = \/2: (a) Direct problem with 7 = 1.0, (b)(e) ST-BCS reconstructed profiles
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

27



1.4.3 L-shaped Object, { =\/2 - 7=2.0
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Figure 22: L-shaped Object, { = \/2: (a) Direct problem with 7 = 2.0, (b)(e) ST-BCS reconstructed profiles
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 Object, ¢, = %)\, Uy =)\/2

Figure 23: E-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v'D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)

Inverse solver:

e Cubic domain divided in VN x v/N cells

e Number of cells for the inversion: N = 324 (discretization = \/6)

Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\

Sources:

Plane waves

e Number of views: V = 27; 0, . = 0° 4+ (v — 1) x (360/V)

Amplitude: A =1.0

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

Background:
e . =10
e o =0[S/m]

29



Scatterer

e E-shaped object, {1 = %)\, by =)\/2
e . € {15, 2.0, 3.0}

o 0=01[S/m|

Born Iterative Method

o Iyyax =6

e =103
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1.5.1 E-shaped Object, {; = 2X, l =\/2 - 7=0.5
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Figure 24: E-shaped Object, {; = ), {3 = \/2: (a) Direct problem with 7 = 0.5, (b) ST-BCS reconstructed
profiles 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 Object, {; = 2), lo =)/2 - 7=1.0
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Figure 25: E-shaped Object, {1 = 3\, {; = A/2: (a) Direct problem with 7 = 1.0, (b)(e) ST-BCS reconstructed
profiles 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 Object, {; = 2), o = \/2 - 7 =2.0
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Figure 26: E-shaped Object, {1 = 3\, {y = A/2: (a) Direct problem with 7 = 2.0, (b)(e) ST-BCS reconstructed
profiles 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 Object, /; = %)\, Uy =)\/2

Figure 27: C-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v'D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)
Inverse solver:

e Cubic domain divided in VN x v/N cells

e Number of cells for the inversion: N = 324 (discretization = \/6)
Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\
Sources:

Plane waves

Number of views: V = 27; 67, =0° + (v —1) x (360/V)

Amplitude: A =1.0

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

Background:
e ¢, =1.0
e 0 =0[S/m]
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Scatterer

e C-shaped object, {1 = %)\, by = \/2
e . € {15, 2.0, 3.0}

¢ 0=01S/m]

Born Iterative Method

o Iyyax =6

e =103
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1.6.1 C-shaped Object, ¢; = g/\, lo=X/2-7=05
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Figure 28: C-shaped Object, {1 = 2\, {3 = \/2: (a) Direct problem with 7 = 0.5, (b) ST-BCS reconstructed
profiles for SNR = 20 [dB], (¢) SNR = 10 [dB] and (d) SNR =5 [dB] with (b)-(d) First Born approximation,
(e)-(g) Born Iterative Method

36



1.6.2 C-shaped Object, /1 = 2\, (o =\/2 - 7=1.0
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Figure 29: C-shaped Object, {1 = 2\, {3 = A\/2: (a) Direct problem with 7 = 1.0, (b)(e) ST-BCS reconstructed
profiles 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 Object, {1 = 2\, (o =\/2 - 7 =2.0
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Figure 30: C-shaped Object, {1 = 2\, {3 = A/2: (a) Direct problem with 7 = 2.0, (b)(e) ST-BCS reconstructed
profiles 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 Rectangle-shaped Object, { = \/2, h = \/3

Figure 31: Rectangle-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v'D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)

Inverse solver:

e Cubic domain divided in VN x VN cells

e Number of cells for the inversion: N = 324 (discretization = \/6)

Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\

Sources:

Plane waves

Number of views: V =27; 67, =0° + (v —1) x (360/V)

Amplitude: A =1.0

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

Background:
e =10
e o =0[S/m]

39



Scatterer

e Rectangle-shaped object, £ = \/2, h = \/3
e . € {15, 2.0, 3.0}

e 0 =0[S/m)|

Born Iterative Method

o Iyyax =6

o= 10—3
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1.7.1 Rectangle-shaped Object, { = \/2, h=)X/3 - 7=0.5

15 1
ir 18 os
05 | 1
s ol W 2
5
04 &
05 | 1
4l | 02

15 I I I I I 0

15 T T T T T 1 15 T T T T T 1 15 T T T T 1
tr 1H os ir 18 os 1 1H os
05 1 05 | g 05 1
2 06 = 2 06 = 2 06 =
T s oof ] £ s of 1 £ s o 1 5
m 3] 9] 3}
04 & 04 & 04 &
05 | 1 05 N 05 1
L 1H o2 at |H o2 1 1H o2
s L o 15 L o s L o
45 1 05 05 1 15 45 1 05 0 05 1 15 45 1 05 05 1 15
XIN XI\ XIN
(b) (c) (d)
15 — 1 15 — 1 15 — 1
tr 18 os ir 18 os ¢ 1H os
05 1 05 g 05 1
06 = 06 = 06
= s or 1 £ S of 1 E s o 1 =
% 5 %
~ 04 & 04 & 04 &
I~ 05 | 1 05 g 05 1
L 1H o2 a2l |H o2 1 1H o2
-1.5 L L L L L 0 -15 L L L L L 0 -15 L L L L L 0
45 1 05 0 05 1 15 45 1 05 0 05 1 15 45 1 05 0 05 1 15
XA XA XA

Figure 32: Rectangle-shaped Object, ¢ = \/2, h = \/3: (a) Direct problem with 7 = 0.5, (b) ST-BCS recon-
structed profiles 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 Rectangle-shaped Object, { = \/2, h=)X/3 -7=1.0
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Figure 33: Rectangle-shaped Object, ¢ = \/2, h = \/3: (a) Direct problem with 7 = 1.0, (b)(e) ST-BCS
reconstructed profiles 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 Rectangle-shaped Object, { = \/2, h=)\/3 - 7=2.0
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Figure 34: Rectangle-shaped Object, ¢ = \/2, h = \/3: (a) Direct problem with 7 = 2.0, (b)(e) ST-BCS
reconstructed profiles 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 Objects

Figure 35: Square-shaped Object

Test Case Description

Direct solver:

e Cubic domain divided in v/D x v/ D cells

e Number of cells for the direct solver: D = 1296 (discretization = \/12)
Inverse solver:

e Cubic domain divided in VN x VN cells

e Number of cells for the inversion: N = 324 (discretization = \/6)
Measurement domain:

e Total number of measurements: M = 27

e Measurement points placed on circles of radius p = 3\
Sources:

e Plane waves

Number of views: V = 27; 0},. =0° + (v — 1) x (360/V)
e Amplitude: A =1.0

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

Background:
e ¢, =10
e 0 =0 [S/m]
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Scatterer

e 3 Square-shaped object, £ = \/3
e . € {15, 2.0, 3.0}

e 0 =0[S/m)|

Born Iterative Method

o Iyyax =6

o= 10—3
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1.8.1

15

0.5

BA

-0.5

-1.5

15

0.5

yIA
o

BIM

-0.5

-1.5

SNR = 20dB
1.5 -0‘.5 ‘0 0‘.5 ll 15
XIN
(b)
1.5 -0‘.5 ‘0 0‘.5 ll 15
XIN

Multiple Objects, 7 = 0.5

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Re[t(x.y)]

Re[t(x.y)]

yIn

yIA

yIN

15

0.5

-0.5

-1.5

15

0.5

-0.5

-1.5

15

0.5

-0.5

-1.5

L . 4
L . 4
L L L

1.5 -0.5 0 0.5 15
XI\
(a)

SNR =10dB

15 -C;.5 ‘D C;,S 15
XIN
(¢)

-1.5 -C;.5 ‘ C;,5 15

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Re[t(x.y)]

Re[t(x.y)]

Re[t(x.y)]

yIA

yIA

15

0.5

-0.5

-1.5

15

0.5

-0.5

-1.5

T T T T 1

[ 18 o8
06 X
L | X
=
ko)
04

L 1H 0.2

. . . . 0

15 05 0 05 1 15
XIN

T T 1

[ 18 o8
06 X
L | X
=
ko)
04

L 1H 0.2

. . . . 0

15 05 05 1 15

Figure 36: Multiple Objects, 3 square-shaped Objects:¢{ = \/3: (a) Direct problem with 7 = 0.5, () ST-BCS

reconstructed profiles for SNR = 20 [dB], (¢) SNR = 10 [dB] and (d) SNR =5 [dB] with (b)-

approximation, (e)-(g) Born Iterative Method
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1.8.2 Multiple Object, 7 = 1.0
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Figure 37: Multiple Objects, 3 square-shaped Objects:¢ = \/3: (a) Direct problem with 7 = 1.0, (b)(e) ST-BCS
reconstructed profiles 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 Objects, 7 = 2.0
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Figure 38: Multiple Objects, 3 square-shaped Objects:¢ = \/3: (a) Direct problem with 7 = 2.0, (b)(e) ST-BCS
reconstructed profiles 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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