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Abstract—It is well-known that diagonal elements of
scattering matrix are significantly affected by not only the
anomaly but also the antennas. Due to this reason, if one applies
MUItiple Slgnal Classification (MUSIC) algorithm for imaging
anomaly, several artifacts are also included. In this contribution,
we apply MUSIC algorithm by eliminating diagonal elements of
scattering matrix and examine that the result is better than the
traditional one.
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1. Introduction

One of the important purpose of inverse scattering problem
is to identify the characteristics of unknown anomaly from
measured scattered field scattering parameters. Throughout
many researches, various techniques for identifying location or
shape of small anomaly have been investigated. Most of
algorithms are based on the Newton-type based iteration
schemes, refer to [1-4]. However, in order to guarantee a good
result, these schemes must be started with a good initial guess
which is close to the unknown anomaly. To produce a good
initial guess, alternative non-iterative techniques have been
developed.

Among them, MUSIC algorithm has shown its feasibilities
of imaging performance. Related works can be found in [5-14]
and references therein. Notice that most of researches assumed
that diagonal elements of scattering matrix are dependent on
the existence of anomaly and independent of the dipole
antennas. But, throughout experimental simulations, they are
significantly affected by the antennas also (see [15] for
instance). Therefore, it is natural to extend MUSIC algorithm
without diagonal elements of scattering matrix. In this paper,
we introduce a MUSIC-type imaging algorithm without
diagonal elements of scattering matrix and exhibit simulation
results with and without diagonal elements of matrix.

This paper is organized as follows. In section I1, we briefly
introduce the scattering parameters and apply MUSIC
algorithm without diagonal elements. In section 111, we present
simulation results to explain that imaging performance without
diagonal elements is better than that with diagonal elements
because only the diagonal elements of the scattering matrix are
affected by antennas, the result will be better than that with
diagonal elements, and the designed approach will be useful.
Finally, a brief conclusion is given in section IV.
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n. Scattering Parameters and
MUSIC Algorithm

The scattering parameter (or S-parameter) Vg /Vi is
defined as the ratio of the output voltage (or reflected waves)
at the m-th antenna and the input voltage (or incident waves)
at the n-th antenna. We denote S(m, n) be the scattered field
S-parameter obtained by subtracting the S-parameters for the
total and incident fields. Following [16], by letting Q as the
region of interest (ROI), S(m,n),m,n =1,2,---,N, in the
existence of anomaly X can be represented as follows
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Here, description of parameters are summarized in TABLE I.

TABLE I. DESCRIPTION OF PARAMETERS
Parameter Description (value)
r, Location of n-th antenna
r Search point in
e(r) Permittivity at r
o(r) Conductivity at r
£p Background permittivity
Og Background conductivity
u Background permeability (47 - 10~7 H/m)
) Angular frequency
k Wavenumber
Ein (1, 1) Incident field (z-component)
Eioc(r, 1) Total field (z-component)

Traditional MUSIC algorithm is based on the following
scattering matrix:
S(1,1) S(1,2)
S(2,1)  S(2,2)

S(1,N—1) S(1,N)
K = 5(2,1\:1 -1) 5(2:, M|

S(N,1) S(N,?2) S(N,N —1) S(N,N)
However, as we mentioned before, diagonal elements S(n, n),
n = 1,2,--- N, are affected by the anomaly and antennas. Thus,
we consider the following scattering matrix by eliminating
diagonal elements and setting them as 0 such that
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The MUSIC algorithm is follows. First, let us perform the
singular value decomposition

N M
D = USV* = z 7, U,V ~ Z 7, U, V.
n=1 n=1
Then, {U,:n=1,2,---,M} spans signal subspace and

{Upn=M+1,M+2,---,N} spans noise subspace. With
this, the projection operator onto the noise subspace can be
introduced as follows

Now, let us introduce a test vector
f(l') = (Einc (l'l, I‘), Einc (er l'), Tty Einc(rnr l'))
With this, the imaging function of MUSIC can be defined as
1
|pnoisef(r) |

Then, the plot of imaging function F(r) is expected to exhibit
peaks of large magnitude at r € X.

F(r) =

m. Simulation Results

We exhibit the simulation results for comparing the imaging
performance with and without diagonal elements of scattering
matrix. For this, we use N = 16 dipole antennas and apply a
frequency of f = 1 GHz. Every elements of scattering matries
K and D were generated through the CST STUDIO SUITE
with simulation configuration, refer to Figure 1.
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Ilustration of simulation configuration. Red-colored circle is
anomaly and green-colored circles are antennas.

Figure 1.
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Figures 2 and 3 show the distribution of singular values of
K and D, respectively, and map of F(r) (see [13] also). If one
uses K for imaging, 5 left-singular vectors must be adopted for
generating projection operator because the diagonal elements
are affected by the anomaly and antennas. However, if one
uses D, there is only one nonzero singular value so that only
the first left-singular vector is needed to generate the
projection operator. Notice that based on several works
[6,8,11,12], total number of nonzero singular value is same as
the total number of small anomalies. Thus, by eliminating
diagonal elements, we can examine similar phenomenon.

Dirstribution of singular values
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Figure 2. Distribution of nonzero singular values of K and map of F(r).

Now, let us compare the imaging performance. If one uses
K or D, there is no problem to identify the location and outline
shape of anomaly via the map of F(r). However, there exists
some unexpected artifacts in the map of F(r) with K. In
contrast, there is no artifacts in the map of F(r) with D.
Therefore, we can conclude that opposite to the traditional
results, eliminating diagonal elements of scattering matrix will
yield good result in microwave imaging.
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