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Biomedical Microwave Imaging

Microwave Imaging is very attractive as a cooperative diagnostic technique.

ü non-ionizing radiations

ü low-cost and portable devices
X Resolution

X Solution of an inverse scattering 
problem

Breast cancer imaging

Brain stroke monitoring
Bone fracture risk monitoring

[*] Nikolova, “Microwave Biomedical Imaging,” John Wiley & Sons, Inc., pp. 1–22, 2014.
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contrast function, which encodes
target properties 
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Inverse Scattering Problem
(2D scalar case)



Inverse Scattering Problem
(2D scalar case)

𝐸# 𝒓𝒎, 𝒓𝒕 = )
$

𝐺% 𝒓𝒎, 𝒓& 𝜒(𝒓′)𝐸'(' 𝒓&, 𝒓𝒕 𝑑𝒓& = 𝒜) 𝜒𝐸'('(𝒓, 𝒓𝒕)

𝑊 𝒓, 𝒓𝒕 − 𝜒 𝒓 𝐸* 𝒓, 𝒓𝒕 = 𝜒 𝒓 )
$

𝐺% 𝒓, 𝒓& 𝑊 𝒓&, 𝒓𝒕 𝑑𝒓& = 𝜒(𝒓)𝒜𝒊 𝜒𝐸'('(𝒓, 𝒓𝒕)

‘data’ equation

‘state’ equation

non-linear and ill-posed inverse problem
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Qualitative methods

• “quasi-real” time execution

• COMPUTATIONAL EFFICIENCY

• straightforward implementation

• no approximations or prior information

• A HIGH FLEXIBILITY
• dielectric and metallic objects

• sufficient in several applications

• LOCATION AND SHAPE RECONSTRUCTION

• useful prior information



Linear Sampling Method
In each point 𝒓𝒔 Î 𝛺, LSM solves the far-field equation:

)
,
𝛼 𝒓𝒔, 𝒓𝒕 𝐸. 𝒓𝒎, 𝒓𝒕 𝑑𝒓' = 𝐺% 𝒓𝒎, 𝒓𝒔

𝛼 𝒓𝒔, 𝒓𝒕 #
# < ∞

𝛼 𝒓𝒔, 𝒓𝒕 #
# → ∞

W

The energy of the (regularized) solution allows to retrieve the target support.

LSM support indicator

ℑ/01 𝒓𝒔 = 𝛼 𝒓𝒔, 𝒓𝒕 2
2

[*] I. Catapano, L. Crocco, and T. Isernia, On simple methods for shape reconstruction of unknown scatterers, IEEE TAP, 2007 



OSM support indicator

Orthogonality Sampling Method

𝐸#3)4 𝒓𝒔, 𝒓𝒕 =
1
𝛾
𝐸#5, 𝐺%5 , 6𝒓!

OSM tests the orthogonality relationship between the far-field pattern 𝐸$% and the
Green’s function 𝐺&%.

ℑ801 𝒓𝒔 = 𝐸#3)4 𝒓𝒔, 𝒓𝒕 2
2

The energy of 𝐸$'() allows to retrieve the target support.

𝐸$'() 𝒓𝒔, 𝒓𝒕 #
#
→ 1

𝐸$'() 𝒓𝒔, 𝒓𝒕 #
#
→ 0

W

[*] R. Potthast, A study on orthogonality sampling, Inverse Prob., vol. 26, n. 7, 2010 

𝛾 is a constant



[*] Bevacqua et al., “Physical Insight Unveils New Imaging Capabilities of Orthogonality Sampling Method”, IEEE TAP, 2020.

Orthogonality Sampling Method

Interestingly, the energy of 𝐸$'() allows to identify discontinuities within the target.
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Fresnel experimental data inversions
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[*] Kurrant, et al., Integrating prior information into microwave tomography part 1: Impact of detail on image quality, Med. Physic 2017.

Incorporation of Spatial Priors within CSI

𝛷 𝑊, 𝜒 =5
*

𝜒𝐸+ 𝒓𝒕 + 𝜒𝐴+ 𝑊 𝒓𝒕 −𝑊 𝒓𝒕 #
#

𝐸+ 𝒓𝒕 #
# +5

*

𝐸$ 𝒓𝒕 − 𝐴( 𝑊 𝒓𝒕 #
#

𝐸$ 𝒓𝒕 #
#

In Contrast Source Inversion (CSI), 𝜒 and 𝑊 are estimated by minimizing:

To integrate the prior information in CSI*:

𝜒 𝒓 =
𝜀 𝒓 − 𝜀&

𝜀&

𝜀&

𝐺&

𝜒, 𝒓 =
𝜀 𝒓 − 𝜀, 𝒓

𝜀, 𝒓

𝜀,

𝐺,

where 𝐺" corresponds to the inhomogeneous background 𝜀".



[*] Bevacqua et al., “Physical Insight Unveils New Imaging Capabilities of Orthogonality Sampling Method”, IEEE TAP, in print.

LSM and OSM for generating Spatial
Prior Information 

Different spatial priors 𝜀, 𝒓 can be generated by scaling the support indicators
according to the expected value of permittivity and conductivity of the breast tissues.
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2D numerical example

INFO: 𝑓𝑟𝑒𝑞 = 1 𝐺𝐻𝑧, 𝑅 = 13 𝑐𝑚, 𝑇 = 𝑀 = 24, 𝑆𝑁𝑅 = 30𝑑𝐵, 𝜀# = 18, 𝜎# = 0

LSM indicator

OSM indicator

Permittivity of the 
adopted breast model* 

[*] Anthropomorphic breast model repository for research and development of microwave breast imaging technologies. Scientific data, 2018.
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𝜺𝑵 𝒓

The normalized OSM maps is modulated in amplitude according to the expected
values of permittivity and conductivity of the breast tissues.

OSM indicator

[*] Anthropomorphic breast model repository for research and development of microwave breast imaging technologies. Scientific data, 2018.
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Conclusions

• Spatial priors to improve both the accuracy and resolution of microwave imaging
reconstructions.

• A combination of linear/orthogonal sampling method maps to generate spatial
priors in a simple and fast way.

• Incorporation with the CSI as inhomogeneous background.

• Preliminary 2D inversion against a heterogeneously dense breast model.

• Future works: comparisons with respect to the quantitative NIEI eigenfunction
prior.*

[*] N. Abdollahi et al,,“Non-Iterative Eigenfunction-Based Inversion (NIEI) Algorithm for 2D Helmholtz Equation,” PIER B, 2019.
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