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Abstract

The orthogonality sampling method (OSM) is a well-

known non-iterative imaging/detection technique in the in-

verse scattering problem. In this contribution, apply the

OSM for identifying small anomaly from scattering param-

eters. For this, we design an indicator function of OSM and

discover its mathematical expression to examine the feasi-

bility and limitation. Simulation results with real-data are

exhibited.

1 Introduction

Orthogonality sampling method (OSM) is a non-iterative

technique for identifying locations or outline shapes of un-

known targets in inverse scattering problem [1]. Through-

out several related researches, it has been examined that the

OSM is fast, robust, and simple technique. Due to these

reasons, the OSM has been recently extended to the vari-

ous problems highly related to the microwave imaging (MI)

[2, 3, 4, 5]. Based on these remarkable researches, OSM

will contain several potential applications in MI.

In this research, we apply the OSM for identifying lo-

cations of small anomalies from collected scattered field

S−parameters with single source. Notice that it is very hard

to measure the scattered field S−parameter data when the

location of an antenna which transmits and receives the sig-

nal [6, 7] so that we design another indicator function which

is different from the traditional one. To explain some intrin-

sic properties and feasibilities of the OSM, we investigate a

mathematical theory by proving that the indicator function

can be expressed by an infinite series of Bessel function and

antenna configuration. We then exhibit some experimental

results with real-data to demonstrate the theoretical results.

2 Indicator Function of the OSM

Assume that an anomaly Σ to be imaged is located at r⋆
in a region of interests (ROI) Ω. Throughout this paper, Σ
is surrounded by N−different dipole antennas located at dn,

n= 1,2, · · · ,N, and characterized by its dielectric permittiv-

ity and electrical conductivity at a given angular frequency

ω = 2π f . With this, we set the magnetic permeability as

constant, µ(r) ≡ µb, εb = εrb · ε0 and ε⋆ = εr⋆ · ε0, respec-

tively, denote the background permittivity and Σ. Conduc-

tivities σb and σ⋆ are defined analogously. Here, ε0 is the

vacuum permittivity. With this, we denote k be the back-

ground wavenumber that satisfies k = ω
√

µb(ωεb + iσb)
and assume that ωεb ≫ σb.

The measured scattered field S−parameter between a trans-

mitter m and receiver n in the existence of D can be approx-

imated as (see [8] for instance)

S(n,m)≈
ik2 area(Σ)

4ωµb

χ(r⋆)E
(z)
inc(dm,r⋆)E

(z)
inc(dn,r⋆), (1)

where E
(z)
inc is the z−component of incident field Einc and χ

denotes the objective function.

Let dm is the location of transmitter. Then, based on the

experimental setting [6], we can use the arrangement of the

measurement data

V(m) =
(

S(1,m), · · · ,S(m−1,m),S(m+1,m), · · · ,S(N,m)
)

.

Based on the expression (1), it is natural to test the orthog-

onality relation between S(n,m) and E
(z)
inc(dn,r). With this

observation, we introduce a test vector: for r ∈ Ω,

W(m) =

(

E
(z)
inc(d1,r), · · · ,E

(z)
inc(dm−1,r),

E
(z)
inc(dm+1,r), · · · ,E

(z)
inc(dN ,r)

)

,

and design an indicator function fOSM(r,m) of OSM as

fOSM(r,m) = V(m) ·W(m) =

∣
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N

∑
n=1,n 6=m

S(n,m)E
(z)
inc(dn,r)

∣

∣

∣

∣

∣

.

Then, on the basis of the orthogonality relation between

V(m) and W(m), the maximum value of fOSM(r,m) will ap-

pear at r = r⋆ ∈ Σ thereby it will be possible to identify the

location of Σ. However, with this explanation, we cannot

explain the phenomena that appear in the experimental re-

sults. The following result shows the feasibility of the OSM

and explains the appearance of several artifacts in the map

of fOSM(r,m).

Theorem 2.1. Let |dn|=R, θ n = dn/|dn|= (cosθn,sin θn),
and r− r⋆ = |r− r⋆|(cosφ⋆,sin φ⋆). If |k(dn − r)| ≫ 0.250,



fOSM(r,m) can be represented as follows:

fOSM(r,m) =

∣

∣

∣

∣

ik(N − 1)area(Σ)

32Rωµbπ
χ(r⋆)E

(z)
inc(r⋆,dm)

×

(

J0(k|r− r⋆|)+
1

N − 1

N

∑
n=1,n 6=m

Λ(k,n)

)
∣

∣

∣

∣

,

where

Λ(k,n) =
∞

∑
s=−∞,s 6=0

isJs(k|r− r⋆|)exp
(

is(θn −φ⋆)
)

.

3 Experimental Results

Here, experimental results with real-data are exhibited. We

placed N = 16 dipole antennas equally distributed on a cir-

cle with radius of 0.090m and applied f = 925MHz. Ω
was selected as a circle with radius of 0.080m.

Figure 1 shows maps of fOSM(r,m) with various m. Based

on the results, the imaging performance is significantly de-

pending on the location of transmitter. Roughly speaking,

the location of anomaly can be identified when the trans-

mitter is close to the anomaly (m = 13 or m = 16), but it

seems impossible to identify the location of anomaly when

the transmitter is not close to the anomaly (m= 4 or m = 7).
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Figure 1. Maps of fOSM(r,m).

Now, let us apply OSM for identifying multiple anomalies

with different sizes. Opposite to the identification of single

anomaly, it seems impossible to recognize the location of

anomalies via the map of fOSM(r,m) for any m, refer to

Figure 2. Hence, further improvement is needed.
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Figure 2. Maps of fOSM(r,m).
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