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Abstract 

Integration of the Model Based Parameter Estimation 
(MBPE) technique into Method of Moments (MOM) 
provides fast solutions over a wide frequency band to solve 
radiation and scattering problems. The MBPE technique uses 
the Padé rational function to approximate solutions over a 
wide frequency band from a solution at a fixed frequency. In 
this paper, the MBPE technique with MOM is applied to a 
thin-wire antenna. The solutions obtained by repeated 
simulations of MOM agree very well with the solutions 
obtained by MBPE technique in a single simulation. 
Therefore, MBPE technique according to MOM provides a 
remarkable saving in the computation time. Computed 
results show that solutions at a wider frequency band of 
interest are achieved in a single simulation. 

1. Introduction 

A Model Based Parameter Estimation (MBPE) technique 
integrated into Method of Moments (MOM) is performed to 
obtain solutions at a wide frequency band from a solution at 
a fixed center frequency (𝑓଴) [1-7]. The technique integrated 
into MOM has also been studied to analyze two-dimensional 
scattering problems [8-10]. In this paper, a thin-wire antenna 
is analyzed using MBPE technique integrated into MOM to 
obtain solutions at any frequency of interest using the current 
distribution and its frequency derivatives at 𝑓଴. The MBPE 
technique uses the current distribution and its frequency 
derivative at 𝑓଴  to obtain the model coefficients of the 
rational function. These model coefficients are used to obtain 
the current distribution at frequencies of interest away from 
𝑓଴ . Using the current distribution at 𝑓଴ , the current 
distribution and input impedance of the thin wire antenna at 
any frequency of interest can be efficiently calculated. The 
computation time of the MOM is more than that of MBPE 
technique because the MOM simulation is performed for 
each frequency of interest. The normalized error of the 
solutions obtained using the MBPE technique respect to 
MOM is calculated to show the accuracy of the MBPE 
technique. 

2. Procedure of Model Based Parameter 
Estimation with Method of Moments 

2.1. Model Based Parameter Estimation Technique 

In the MBPE technique, 𝑖௧௛  current distribution ( 𝐼௜ ) is 
expressed by a rational function of frequency. The rational 
function is expressed as the ratio of two polynomials as 
follows: 
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where 𝑓  is the frequency of interest, 𝑁௜௝  and 𝐷௜௝  are the 
model coefficients of numerator and denominator of the 
rational function, respectively. The high-order polynomials 
in both numerator and denominator of the rational function 
are used to obtain more accurate solutions over a wider 
frequency band. 

As an example, the current distribution having two 
expansion coefficients are expressed by rational functions of 
frequency as follows: 
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2.2. Calculation of Model Coefficients in the Rational 
Function 

The model coefficients 𝑁௜௝ ’s and 𝐷௜௝’s in (1) are obtained 
using both frequency and frequency derivative samples. 
Starting with (1) and differentiating 𝑘 times with respect to 𝑓 
gives: 
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where ቀ
𝑘

𝑘 − 𝑚
ቁ  is the binomial coefficient and the 

superscripts represent the order of frequency derivative. 
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There are 𝑘 + 1  equations that are used to obtain the 
unknown model coefficients in (3).  

When the frequency derivatives of the current distribution 
are obtained at only center frequency (𝑓଴), Equation (3) can 
be written by substituting 𝑓 by 𝑓 − 𝑓଴, where 𝑓 − 𝑓଴ shows 
the frequency shifting from 𝑓଴ . The following linear 
equations can be written after setting 𝑘 = 𝑛 + 𝑑 and 𝐷௜଴ =
1. 
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where 
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where 𝐼௜  is a function of frequency (𝑓 − 𝑓଴) . Finally, the 
following matrix equation is obtained from the linear 
equations in (4) to determine the unknown model coefficients 

in (1).   
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2.3. Integration MBPE into MOM 

The well-known MOM equation 

                   
1

,          1,  2, ,
F

ij j i
j

Z I V for k


   ,                         (7) 

where F is the order of the frequency dependent moment 
matrix Z, and 𝑉 and 𝐼 are the source and current distribution 
vector, respectively. 𝑖௧௛ current distribution (𝐼௜) in MOM can 
be calculated using the inverse moment matrix (Y) as follows:  
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First derivative of (7) with respect to frequency, it can be 
obtained           
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Then the first derivative of the 𝑖௧௛  current distribution is 

expressed by   
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In general, the 𝑘୲୦  frequency derivative of the 𝑖୲୦  current 
distribution is given by 
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where ቀ 𝑘
𝑚

ቁ is the binomial coefficient and the superscript 

represents the number of frequency derivative. It is realized 
from Eq. (11) that the derivatives and inverse of the moment 
matrix are required, each iterative derivative involves only 
the inverse moment matrix, and its derivative is not required. 

The model unknown coefficients 𝑁௜௝’s and 𝐷௜௝’s in (1) can 
be determined after replacing the current distribution 𝐼௜  and 
its 𝑘 derivatives at f0 given in (11) into (6). Substituting the 
variable 𝑓 by f−f0 in (1), 𝐼௜ can be written as:  
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2.4. Expression of the Moment Matrix (Z) 

The Moment matrix used in the calculation of the current 
distribution over a thin wire antenna are expressed here. The 
antenna is divided into 81 segments. The piecewise sinusoids 
are chosen as expansion functions and point matching is used 
for testing function. The moment matrix are calculated 
analytically given in [11].  

The Moment matrix is expressed as follows: 
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where 
 𝑟 = √𝑎ଶ + ℎଶ, 𝑅ଵ = ඥ𝑎ଶ + (ℎ − 𝑑)ଶ, and 𝑅ଶ = ඥ𝑎ଶ + (ℎ + 𝑑)ଶ, 
where 𝑅ଵ, 𝑅ଶ, and 𝑟 are defined for each segment of the thin 
wire antenna as illustrated in Fig. 1, d is the length of a 
segment of the wire, a is the radius of the thin wire, and 𝑘 is 
the wave number. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Geometry of a segment of a thin wire antenna for 
the Moment matrix calculation. 

3. Numerical Results 

A thin-wire antenna of length L and radius 𝑎=L/148.4 which 
is fed by a delta-gap source is analyzed using the MBPE with 
MOM. The current distribution and input impedance of the 
thin-wire antenna at any frequency of interest away from f0 
are calculated. The solutions calculated by MOM using a 
point-by-point approach are compared with the results 
obtained by MBPE technique with both frequency and 
different order frequency derivative samples at f0=300 MHz. 
All of the simulations presented in this paper are performed 
using MATLAB. To prove the convergence of the solutions 
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obtained using MBPE technique and MOM with a point-by-
point approach, a normalized error is defined as:  

 100%
MBPE MOM

Normalized error maximum
MOM

 
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.(14) 

In all simulation, the current distributions are calculated at 
limit frequencies where the normalized error is less than 2%.  

Fig. 2 show the current distributions on the antenna 
computed using MOM and MBPE technique by taking 9 
derivatives (n = 5, d = 4) at f  = 0.02f0 and f  = 2.4f0, 
respectively, when the length of the thin wire antenna is taken 
to be 0.5m. The numerical comparison shows that result 
obtained using MOM is in a good agreement with that 
obtained using MBPE technique. It can be seen from Fig. 2 
that MBPE technique with MOM provides accurate results 
using the solution obtained by MOM at f0. Good agreements 
between the current distributions obtained using MBPE and 
MOM at all frequencies between 0.02f0 and 2.4f0 are 
achieved. The normalized error over the frequency band is 
shown Fig. 3. It can be realized that the error is increasing 
when the frequency is moving away from the center 
frequency. 

 

 
Figure 2: Current distribution on the thin wire antenna at a) 
f =0.02 f0 and b) f =2.4 f0. 

 
Figure 3: The normalized error for the current distributions. 
 

To show the performance of the MBPE technique and 
MOM, the computation time of MBPE technique and MOM 
versus number of frequencies is shown in Fig. 4. The 
computation time of MBPE technique is not significantly 
increasing when the number of frequencies in the simulation 
is increased whereas that of MOM is increasing significantly 
because the MOM simulation is performed for each 
frequency of interest. 

 
Figure 4: The consumed computation time of MBPE 
technique and MOM simulation when increasing the number 
of frequencies. 
 

Fig. 5 show the current distributions on the antenna at 
f =0.4f0 and f =1.6f0 when the length of the thin-wire antenna 
L is 1m. The comparison between the solid curves computed 
using MOM and the dashed curves computed using MBPE 
technique shows that good agreement is achieved. It can be 
seen from Fig. 5 that MBPE technique taking 9 derivatives 
(n= 5, d= 4) provides accurate results using the solution 
obtained by MOM at f0. The normalized maximum error over 
the frequency band is shown Fig. 6.  

0 0.1 0.2 0.3 0.4 0.5
0

0.02

0.04

0.06

0.08

0.1

Antenna Length (m)

M
ili

am
pe

re
 (

m
A

)

 

 

MoM

MBPE (9
th

 FD)

0 0.1 0.2 0.3 0.4 0.5
0

1

2

3

4

5

6

Antenna Length (m)

M
ili

am
pe

re
 (

m
A

)

 

 

MoM

MBPE (9
th

 FD)

0 0.4 0.8 1.2 1.6 2 2.4
0

0.5

1

1.5

2

Antenna Length / Wavelength

E
rr

or
(%

) 

0 20 40 60 80 100 120 140 160 180 200 220
0

5

10

15

20

25

30

Number of Frequencies

S
im

ul
at

io
n 

T
im

e 
(s

ec
on

d)

 

 

MOM

MBPE

(a) 

(b) 



16 
 

 

 
Figure 5: Current distribution on the thin wire antenna at a) 
f =0.4fo  and b) f =1.6fo. 
 

 
Figure 6: The normalized error for the current distributions. 
 

Fig. 7 shows the input impedance of the thin-wire antenna 
obtained by MOM and MBPE technique with 3, 5, and 9 
derivatives. It can be seen from Fig. 7 that more accurate 
results are achieved when increasing the number of 
derivatives. The computation time of MBPE technique is 
0.67 s whereas that of the conventional MOM is 32.55 s 
because the MOM simulation is performed for each 
frequency of interest. Therefore, the MBPE technique 
provides remarkable reduction in the computation time and 
solutions at any frequency of interest in a single simulation.  

 
Figure 7: Input impedance of the thin-wire antenna 
calculated regular MOM and MBPE technique with 3th, 5th 
and 9th frequency derivative. 

4. Conclusions 

Integration of the MBPE technique into MOM can provide 
solutions over a wide frequency band. In this paper, a thin-
wire antenna is analyzed to obtain solutions over a wide 
frequency band. The current distribution and input 
impedance of the antenna at frequencies of interest away 
from the center frequency f0 obtained using MOM are in very 
good agreement with that obtained using MBPE technique. 
The computation time consumed by MOM is more than that 
consumed by MBPE technique when the number of 
frequencies is increased in the simulation. It was realized that 
more frequency derivatives provide more accurate results 
over a wide frequency band.  
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