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ABSTRACT 

Optimization of Ultra-wideband (UWB) systems depends on 
the direction dependent response of the antenna. To achieve 
multi-directional optimization, it is necessary to have 
direction independent response of the UWB antenna. If the 
antenna has a stable radiation pattern with frequency it has 
direction independent response. Therefore, designing 
antennas with high level of pattern stability is desirable. As 
such a new figure of merit (PSF) we have previously 
presented accurately expresses the pattern stability of UWB 
antennas over a wideband and a wide range of directions. 
This parameter is calculated using directional transfer 
functions of a UWB antenna. In our previous studies, we used 
the magnitude transfer function, which is sufficient for 
comparing the stability of amplitude radiation patterns of 
small, low-cost and low-dispersion UWB antennas. In this 
paper we extend our investigation to calculate PSF using not 
only magnitude, but also complex and receive transfer 
functions of a given antenna. It is shown that there are 
differences between these PSF, with the help of planar UWB 
monopole example.  The reasons for these differences are 
identified.  

I. INTRODUCTION 

Antennas used in UWB communication applications should 
transmit and receive wideband pulses in the range of 
directions the system is required to operate. Whether this 
range is as wide as o360  or o30 , the optimization of the 
UWB system should be performed over this range of 
directions. If the antenna impose direction independent 
distortion on the input pulse it is convenient to design 
optimization filters on the RF (Radio Frequency) chain. It has 
been shown in [1] that if an antenna has a stable radiation 
pattern over a wide bandwidth it is possible to have direction 
independent distortion, within that frequency band and range 
of directions of the radiation patterns.  Moreover, if the 
antenna response is significantly direction dependent, we 
have shown that the effectiveness of the multi-directional 
optimization of the UWB system depends on the directional 
transfer function used in optimization schemes [2]. In [3], we 
proposed a correlation based method to select a reference 
direction to achieve the best multi-directional optimization of 
a UWB antenna. Then this concept is further improved to 
define a new figure of merit for antenna pattern stability. This 
new figure of merit allows one to define beamwidth and 
bandwidth based on pattern stability of UWB antennas [3,4]. 
 

In order to calculate PSF, transfer functions of different 
forms may be used.  For small and low-cost UWB antennas it 
is sufficient to consider the simpler magnitude transfer 

function assuming low dispersion. In this paper we 
investigate four different methods of calculating PSF. The 
difference is in the type of transfer functions used in 
calculations. In Section II we define the Patten Stability 
Factor and describe how to calculate it. It also introduces the 
four variants of PSF calculations. In Section III, E-plane and 
H-plane PSF calculation of a planar UWB monopole antenna 
is discussed, as an example.  
 

II. PATTERN STABILITY FACTOR 

Pattern stability factor is defined as [3]: 
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where )(RC is the frequency domain correlation pattern 
given by 
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Vectors R  and  r  describe directions within the operating 
range off directions Ω . That is, Ω∈rR, . The function 

),(2 rRF  is given by, 
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where f is the frequency and BW is the frequency band we are 
considering. * stands for complex conjugate. )(.,fH  is the 
directional transfer function between the electric field E in 
the far field and the source pulse at the input of the antenna 
(See Fig. 1). For example, 
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where V(f) is the source pulse.  A similar expression to (4) 
can be written for a different direction r  and substituted in 
(3), (2) and (1) to obtain PSF. Examples of calculating PSF 
values for various UWB antennas are given in [5]. Let us 
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consider the types of directional transfer functions that can be 
substituted in (3). 
 
The transmitting frequency response of an antenna in a 
particular direction can be given as: 

))(2exp(),(),( dRftjfRHfRH R
t ++−= φπ

  (5) 

The linear portion of the phase response is defined by Rt , the 

time delay and )(Rd , a constant for a given direction. The 
non-linear part of the phase response is given by ),( fRφ . 
 
Using the reciprocity theorem we can write the receiving 
transfer function: 
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We carried out four different PSF calculations are carried out 
as follows: 

1) Amplitude  transmitting PSF 
Substituting the magnitude of the transfer function given by 
(5) in (3).  

2) Amplitude receiving PSF 
Substituting the magnitude of the transfer function given by 
(6) in (3). 

3) Complex transmitting PSF 
Substituting the complete transfer function, both amplitude 
and phase, given by (5) in (3). 

4) Complex transmitting PSF  with phase correction 
As has been mentioned earlier the phase response of the 
antenna includes two parts, linear and non-linear. The linear 
part is caused by the propagation delay from the antenna 
terminal to a point in far-field, where the electric field is 
recorded for PSF calculation. In the time domain this is 
equivalent to a relative time shift between pulses in different 
directions. In order to remove this shift, we apply a phase 
correction in the frequency domain. We do this by linear 
curve fitting to obtain )(RtR  and d . Then the error between 

the actual data and the curve fit gives ),( fRφ  . The transfer 
functions substituted in (3) are in the form: 

)2exp(),(),( φπfjfRHfRHt −=  (7) 

This method effectively removes the phase difference 
introduced by the distance between the virtual source point  
[6] and the point of electric field observation. 

Let us calculate the PSF using these four methods for a Planar 
UWB Monopole antenna. 

III. EXAMPLE 

Figure 1 shows the Planar UWB monopole antenna that has 
been simulated using CST Microwave studio. It has a 160mm 
x100mm ground plane and a circular element with 25mm 
radius. The feed is a coaxial probe of 50 Ω characteristic 
impedance. The antenna is excited by a sine modulated 
Gaussian pulse, which has a 10dB bandwidth from 3.1 GHz 
to 10.6 GHz. The 10dB return loss bandwidth of the antenna 
is also from 3.1 to 10.6 GHz. Electric field recording probes 
were located 1000mm from the point marked as origin “O” in 
Figure 1. Note that “O” is not necessarily the “phase centre” 
of the antenna. The amplitude and phase transfer function 
between the electric field and the excitation pulse thus 
obtained were used with a MATLAB program to calculate the 
PSF values. It is assumed that the antenna operates in 
directions oo 10040 ≤≤ θ and Oo 3600 ≤≤ φ . 

θE is the major polarizations of both E-plane (xz plane) and 
H-plane (xy plane). Due to the symmetry of the structure we 
only consider one-quarter of the H-plane in this analysis. In 
the E-plane nulls are in o0=θ  and o180=θ . These 
cannot be considered as operating directions of the antenna 
due to low energy radiated. Therefore, the range in E-plane is 
selected to avoid nulls. 

 
Figure 1: Planar UWB monopole antenna 

IV. RESULTS 

Four PSF values and respective )(RC curves, known as 
frequency domain correlation patterns, were obtained. Table 1 
gives the PSF values, whereas Figs. 2 and  3 show frequency 
domain correlation patterns in the H-plane and E-plane, 
respectively. 
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Table 1. PSf calculated using different types of transfer functions, BW=3.1-10.6 GHz 

Plane and Ω  Amplitude  TX Amplitude Rx Complex Complex with 
phase 
correction 

E-plane 
oo 10040 ≤≤ θ  

H-plane 
Oo 3600 ≤≤ φ  

0.890 
 
0.875 

0.889 
 
0.854 

0.800 
 
0.820 

0.806 
 
0.819 

 

 
Figure 2. Frequency Domain Correlation Patterns in the H-

plane 

 
Figure 3. Frequency Domain Correlation Patterns in the E-

plane 

It can be noted that there is not much difference between the 
transmitting and receiving PSF in both planes. Obviously, the 
frequency domain correlation patterns are almost overlapping. 
The reason for any difference is the 1/f weighting of the 
magnitude transfer function in the integrals of (3). When 
pattern are ideally stable, 
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where K is a constant against frequency. If the condition in 
(8) is valid then there should not be a difference in transmit 
ting and receiving PSF and the frequency domain correlation 
patterns. In such cases the PSF=1 and C=1, which in other 
words is ideal pattern stability. 
 
There is 0.03 of difference between the amplitude PSF and 
complex PSF in the H-plane. Since there is no difference 
between the complex PSF and the PSF after phase correction, 
the cause of this 0.03 must be the phase non-linearity of 
radiation. This same difference in the E-plane is larger, about 
0.08. Therefore, it can be concluded that the phase centre is 
moving along the z-axis with frequency.  
 
This antenna is relatively large compared to free space 
wavelength at the highest operating frequency. This can cause 
significant dispersion effects over the higher parts of the 
bandwidth. However, the difference between the complex and 
amplitude PSF is less than 10%. Therefore, for smaller, low-
cost antennas it is sufficient to consider amplitude PSF. 

V. CONCLUSION�
An example shows that the method of calculation of the 
transfer function can change the PSF value. If the intention is 
comparing two or more UWB antennas it is possible to use 
one type of PSF. The selection is based on the system 
optimization carried out at the system level. For example, if it 
is the amplitude of the spectrum that needs to be optimized in 
multiple directions, we should only concentrate on amplitude 
transfer functions. Usually, pattern stability of UWB antenna 
is observed using magnitude radiation patterns. With complex 
PSF it is possible to include the stability of the phase patterns, 
which is an extra advantage due to the mathematical 
properties of PSF. Indeed, the amplitude PSF in either case is 
a good approximation to complex PSF. Frequency Domain 
Correlation patterns calculated with complex transfer 
functions will be useful if the antenna dispersion is a 
parameter under optimization. 
 
There is a difference between transmitting and receiving PSF. 
When the stability of patterns is high, this difference is 
minimal. If one thinks that PSF is required to preserve 
reciprocity the solution is using normalized transfer functions 
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[6]. That may lead to a PSF with reciprocity. However, when 
the optimization is considered, it is more useful to obtain 
Frequency Domain Correlation Patterns for transmitting and 
receiving cases separately and judge the multi-directional 
optimization in either case. 
 
All forms of PSF calculated using (1)-(3) are more 
meaningful in understanding the direction dependent nature 
of antenna distortion and thereby multi-directional 
optimization. It is also a measure of dispersion occurring at 
the antenna, if phase is included in the calculations.  
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