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Abstract 
 

A method for solving forward scattering problems in 

through-the-wall applications with multilayered walls is 

presented. Targets are perfectly conducting cylindrical 

scatterers, with circular cross section, hidden by the wall. 

The technique is developed in the frequency domain, and it 

employs expansions of the scattered fields by the targets 

through cylindrical waves as basis functions. Numerical 

results allow to solve the scattering problem in large 

domains, with a semi-analytical technique. 

 

1. Introduction 
 

Solution to the electromagnetic scattering by targets below 

a multilayer has important applications in the field of the 

Through-the-Wall radar [1]. With an accurate modelling of 

the physical layout, the knowledge of the interaction of the 

electromagnetic radiation with the wall allows an improved 

radar detection. The most common models of wall, from an 

electromagnetic point of view, include homogeneous 

walls, layered walls, as drywall combined to wood or layers 

of different material, or periodic walls as cinder-blocks or 

reinforced concrete with metallic bars. An homogenization 

of walls with period structure into layered ones is also 

possible, as for the case of cinder-blocks, and the 

availability of a layered model in the scattering problem is 

useful to deal with many classes of walls. Possible 

techniques of analysis, with reference to homogenous or 

layered walls, include the presence of a target beyond, and 

are mainly numerical, as the FDTD [2]-[4]. To accelerate 

the computations in large domain, full-wave methods, as 

Green’s function approaches, are combined to high-

frequency asymptotic techniques [5]. 

 

In this paper we propose an analytical-numerical technique 

based on the Cylindrical Wave Approach (CWA) to solve 

the scattering by cylindrical targets hidden by a layered 

wall. The technique presented in [6]-[8] for targets placed 

in a semi-infinite medium, or below one homogeneous 

layer is here extended. The scattered fields by the cylinders 

are dealt with through an analytical approach, employing 

expansions into cylindrical waves. Their interaction with 

the multilayer, to evaluate the final transmission of the 

scattered fields in the initial medium, is solved through two 

sets of waves, a down-propagating scattered-reflected 

field, and an up-propagating scattered  

 

 

Figure 1. Geometry of the problem. 

 

transmitted field. Solution is developed in the frequency 

domain, for a monochromatic line-source as incident field. 

 

2. Layout 
 

Geometry of the problem is depicted in Fig. 1: Medium 0 

(vacuum), is followed by M-1 layers of permittivity 0rj (j 

= 1, …, M-1), and by a final half-space, i.e., Medium M 

(vacuum). The lowest boundary of the j-layer is at a depth 

x = Lj, and its thickness is Lj – Lj-1. 

 

We assume that the source of the scattering problem is a 

line source, radiating a field:  

 

𝑉𝑖 = −𝑉0𝐻0
(1)(𝑛0𝜌)                                       (1) 

 

When the incident field is transmitted in the final medium 

(Medium M), a scattered field is excited by the cylinders:  
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𝑉𝑠(𝜉, 𝜁) = 𝑉0 ∑ ∑ 𝑐𝑞𝑚 [𝐶𝑊𝑚−ℓ(𝑛𝑀𝜉𝑞𝑝, 𝑛𝑀𝜁𝑞𝑝) ×
+∞
𝑚=−∞

𝑁
𝑞=1

(1 − 𝛿𝑞𝑝) +
𝐻ℓ
(1)

(𝑛𝑀𝜌𝑝)

𝐽ℓ(𝑛𝑀𝜌𝑝)
𝛿𝑞𝑝𝛿ℓ𝑚]   (2) 

 

In (2),  𝐶𝑊𝑚 are the basis functions, that are proportional 

to first-kind Hankel functions times an angular term. The 

scattered field (2) interacts with the interfaces bounding the 

multilayer leading to reflected-scattered fields, and 

transmitted scattered fields, that form two sets of waves: an 

left-propagating, and a right-propagating one, respectively. 

In their definition, the multiple reflections experienced at 

the interfaces are taken into account, through suitable 

reflection and transmission coefficients. The expression of 

the cylindrical waves is obtained through spectral basis 

functions. Reflected cylindrical waves are used to define 

the scattered reflected fields: 

 

𝑅𝑊𝑚(𝜉, 𝜁)

=
1

2𝜋
∫ 𝑇𝑀,𝑗(𝑛||)Γ𝑗,𝑗−1(𝑛||)

+∞

−∞
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𝜁
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(3) 

 

As to the scattered-transmitted fields, they are obtained 

through transmitted cylindrical waves as basis functions: 

 

 

𝑇(𝜉, 𝜁, 𝜒)

=
1

2𝜋
∫ 𝑇𝑀,𝑗(𝑛||)𝑇1,0(𝑛||)

+∞
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(4) 

 

Solution to the scattering problem, i.e., the determination 

of the expansion coefficients of the involved scattered 

fields, is found by imposing boundary conditions at the 

cylinder’s interface [7]. 

 

3. Results 
 

The method described in Section 2 allows to evaluate the 

scattered field in the whole domain. As example of results, 

a 2D color map relevant to the scattered field in each 

medium is reported in Fig. 2. The target is a PEC circular 

cross-section cylinder of radius a = 5 cm. It is placed in air 

below a layered wall made by two identical external layers 

of thickness 4 cm and relative permittivity 4.52, embedding 

an internal layer of thickness 12 cm and relative 

permittivity 1.452. The proposed physical parameters of 

the wall are relevant to the homogenized model of a cinder-

block wall [1]. Frequency of the source is 3GHz, which 

allows to detect interference effects in the layers of the 

wall, in particular in the two external layers. 
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Figure 2. 2D color map of the scattered field by a target of 

radius 5 cm below a layered wall. 
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