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Abstract—This paper presents a new approach of antenna 

characterization by applying Singularity Expansion Method to 
Radar Cross Section Measurements. Poles extracted from the 
radiated field are compared to poles extracted from the scattered 
field of a dipole antenna. The scattered field is simulated for 
three different load conditions. Poles extracted from the scattered 
field of the dipole antenna in matched condition seem to be the 
closest to those extracted from the radiated field. 

Index Terms— Complex Natural Resonance, Matrix Pencil, 
Radiated field, Scattered field, Singularity Expansion Method 

I.  INTRODUCTION 
Since many years, the Singularity Expansion Method 

(SEM) [1], introduced by C. E. Baum in 1971, is studied to be 
applied to target identification. In fact, SEM represents a 
solution of an electromagnetic problem in terms of singularities 
(poles). Since singularities are independent of the direction of 
the incoming wave, it makes this method useful for scatter 
identification. More recently, this method has been applied in 
both time and frequency domains to model antenna effective 
length, in order to fully describe the antenna pattern, directivity 
and gain using only a few set of parameters (poles, also known 
as Complex Natural Resonances, and residues) [2] [3]. Another 
way to characterize antennas is to use Radar Cross Section 
(RCS) measurements [4]. This allows avoiding disturbing 
feeding cable and is very useful especially for small antennas. 
The main idea of this paper is to apply SEM post processing to 
RCS measurements to take advantages of these two methods. 
To verify this approach, the first step is to compare poles 
extracted in radiation condition to those extracted in scattering 
condition. 

In section II, we briefly describe the SEM theory and 
Matrix Pencil algorithm. In sections III and IV, poles extracted 
from the scattered field of a dipole antenna and a bowtie 
antenna are presented and compared to those extracted from 
the radiated field of the same antennas in a given direction. 

II. SEM THEORY 
SEM allows modeling the late time response of an antenna 

as 

௞ݕ  ൎ  ∑ ܴ௡݁௦೙௞ே௡ୀଵ , (1) 

where ܰ  is the number of poles, ݇ ൌ 0,1, … , ܭ െ ܭ ,1  is 
the number of sampled data (ܭ ൐ 2ܰ), ܴ௡ are the residues and ݏ௡  are the poles ( ௡ݏ ൌ ௡ߪ  േ ݆߱௡  with ߪ௡  the damping 
coefficient and ߱௡  the resonant pulsation). There are several 

methods to extract poles and residues like Prony [5] and Matrix 
Pencil [6] in time domain and Cauchy [7] in frequency domain. 
These methods have different noise sensitivity and have 
already been compared applied on noisy antenna responses [8-
9]. Matrix Pencil is more computational and gives the best 
results in presence of noise. Poles and residues are extracted 
here with the Matrix Pencil method using the Total Least 
Square approach based on a Singular Value Decomposition. 

III. APPLICATION ON DIPOLE ANTENNA FIELDS 
A L = 33.75 mm long dipole is simulated using CST 

Microwave Studio (MWS) [10] between 1 and 20 GHz. Its 
diameter is D = 1.12 mm (ܦ/ܮ ൎ  30).  

A. Radiated Field 
Matrix Pencil method is first applied on the radiated field of 

the dipole antenna. Results are presented in Fig. 1.  

 
Figure 1.  Poles extracted from radiated field in complex plane. 

 

Figure 2.  Impedance of the dipole antenna. 
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Resonant pulsations correspond to 2/ߣ  2/ߣ3 ,  and 52/ߣ 
resonances of the dipole antenna. Resonant pulsations of the 
two first poles are represented with a black dashed line on the 
impedance of the dipole antenna in Fig. 2. They correspond to 
the natural resonances of the dipole antenna. Using these poles, 
the late time of the radiated field is reconstructed and compared 
to the simulated one in Fig. 3. The reconstructed and simulated 
fields are very close (Normalized Mean Square Error (NMSE) 
fewer than 2 %). A 6 poles set is enough to accurately model 
the late time of the radiated field. 

 
Figure 3.  Electric field radiated by the dipole antenna in time domain. 

B. Scattered Fields 
In this part, the Matrix Pencil algorithm is applied on the 

scattered field of the dipole antenna. Three different load 
conditions are simulated: short-circuited, open-circuited and 
matched. The matched case corresponds to a real load of 73 Ω. 
Scattered fields obtained in these three conditions are presented 
in Fig. 4. 

 
Figure 4.  Electric field scattered by the dipole antenna in time domain. 

The scattered field of the short-circuited dipole antenna 
takes more time to damp than the two other configurations. 
One reason could be the higher Q of the short-circuited dipole 
antenna in comparison to the open-circuited one. Matrix Pencil 
is applied on the late time of these responses. Poles extracted 
are presented in Fig. 5 and compared to those extracted from 
radiated field. For all cases, only three pairs of poles are 
extracted and Normalized Mean Square Error (NMSE) 
between the simulated field and the reconstructed field are less 
than 6 %.  

Poles extracted from the short-circuited condition have 
almost same resonant pulsations than those from matched 
condition but damping coefficients are significantly different 
(from 3 to 5 109 Neper/s) because a part of the energy is 
absorbed by the load. Moreover, as we can see in Fig. 4, the 
field in the short-circuited case is the slowest to damp, so 
damping coefficient are lower. On the other hand, resonant 
pulsations in the open-circuited case are higher than for the two 
other cases (around 15 109 rad/s higher). In fact, in this case, 
the two parts of the dipole antenna are not connected and can 
be seen as two close small dipole antennas with some coupling 
effects between them. Poles extracted from radiated field and 
from scattered field are now compared. For poles extracted 
from the short-circuited condition, resonant pulsations are 
almost the same than from radiation condition (difference of 1 
to 3 109 rad/s according to the pole) but damping coefficients 
are significantly lower (up to 5 109  Neper/s for the third pole). 
We can see that poles extracted from the matched case are very 
close to those extracted in radiation condition. In fact, resonant 
pulsations are almost the same and errors on damping 
coefficients are only from 0.5 to 1.4 109  Neper/s.  

 
Figure 5.  Poles extracted from fields scattered by the dipole antenna in 

complex plane compared to those obtained from radiated field. 

IV. APPLICATION ON BOWTIE ANTENNA FIELDS 
We now consider a broadband bowtie antenna, simulated 

using CST MWS between 1 and 20 GHz. Its length is 33.7 mm 
and the flare angle is 45°. 

 
Figure 6.  Poles extracted from field radiated by a bowtie antenna in complex 

plane. 
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A. Radiated Field 
Poles are first extracted from the field radiated by the 

bowtie antenna in the boresight direction. Results are presented 
in Fig. 6. Two pairs of poles are extracted from the radiated 
field. They correspond to resonances of the bowtie antenna. 
Resonant pulsations of bowtie antenna poles are represented 
with a black dashed line on the impedance of the bowtie 
antenna in Fig. 7. For the second pole, the imaginary part of the 
impedance is very close to zero. For the first pole, the 
imaginary part of the impedance is around -85 Ohms. At this 
frequency, the bowtie antenna is not well matched (S11 = -4 
dB), this can explain that the pole is less accurate. The late time 
of the field radiated by the bowtie antenna is then reconstructed 
using this set of poles. Results are presented in Fig. 8. The field 
is very well reconstructed and the NMSE is around 6%. 

 
Figure 7.  Impedance of the bowtie antenna. 

 

Figure 8.  Electric field radiated by the bowtie antenna in time domain. 

B. Scattered Fields 
In this part, the bowtie antenna is excited by a plane wave 

and the scattered field is computed. Three load conditions are 
simulated: short-circuited, open-circuited and matched. The 
matched case corresponds to a real load of 200 Ω. Results are 
presented in Fig. 9. As for the dipole antenna, the behavior of 
the scattered field is close when the bowtie is short-circuited or 
matched. Period seems to be similar but the scattered field 
damps more quickly for the matched case. For the open-
circuited case, period seems to be around two times larger than 
the two other cases. Poles are extracted from these three 
scattered fields and results are presented in Fig. 10. 

 
Figure 9.  Electric fields scattered by the bowtie antenna in time domain. 

 
Figure 10.  Poles extracted from fields scattered by the bowtie antenna in 

complex plane compared to those obtained from radiated field. 

For the three cases, the NMSE of the reconstructed field is 
under 10% so each 4-poles set are enough to accurately model 
associated scattered field. Like for the dipole antenna, poles 
extracted for open-circuited case have higher resonant 
pulsations than for the two other cases (around 2.5 times 
higher). For the short-circuited case, resonant pulsations are 
identical to those extracted for matched case but damping 
coefficients are lower (around 0.6 Neper/s lower). Poles 
extracted from scattered field in matched condition and from 
radiated field match very well. The behavior of poles regarding 
the load condition is similar to the dipole antenna case. 

V. CONCLUSION AND PERSPECTIVES 
Poles are only due to the antenna characteristics [1], so for 

the same load conditions, poles should be the same whatever 
the scattered or radiated field; only residues should be 
modified. In radiation condition, antennas are simulated using a 
matched lumped port. It explains that poles are very close 
when extracted from the radiated field and the scattered field in 
matched case.  

We have shown that, for a matched dipole antenna and a 
match bowtie antenna, it is possible to obtain same poles from 
radiated field and scattered field. This constitutes a first step of 
a process to obtain radiation pattern and S parameters of an 
antenna, using poles extracted from scattered field. To our 
knowledge, this is the first comparison between antenna poles 
extracted from radiated and scattered fields.  
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