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Abstract − The paper presents a new approach to time-domain 

effective simulation of ultra-wideband (UWB) electromagnetic 

(EM) wave propagation when a source is placed on convex 

obstacle. The frequency domain uniform theory of diffraction 

(UTD) and rational approximation exploiting the vector fitting 

algorithm (VF) is used for deriving the closed form time 

domain functions of the radiated and coupled fields.  

1 INTRODUCTION 

Ultra-wideband (UWB) technology can be used in 

many applications in telecommunication  area [1]. 

However due to its large bandwidth feature careful 

analysis of a given UWB system is required, in 

particular analysis of the propagation channel.  

In this paper we focus our analysis on effective 

time domain modeling of propagation of UWB 

electromagnetic wave when a source is placed on a 

convex conducting elliptical cylinder. We consider 

coupling as well as radiation scenarios. W simplify 

our analysis to a 2 dimensional scenario but our 

results can be adopted also to a 3D scenario. We use 

the Uniform Theory of  Diffraction (UTD) in our 

analysis.  The convex objects in the form of elliptical 

cylinders, in practice, can be used effectively to 

model the convex obstacle such as a human body 

what was shown in e.g. [2, 3] for the scenario of 

wireless body area networks (WBAN) including the 

model given in Fig. 1. We present closed form 

impulse responses of UTD rays dedicated for the 

radiation and the coupling scenarios. For the sake of 

clarity and simplicity of the description of our 

approach we consider the TE polarization case only 

(taking into account z-directed magnetic current 

source placed at point Q', Fig. 1).  

The problem of the analytical description of 

propagation of EM fields generated by sources placed 

on a convex surface in the time and the frequency 

domain was considered in the literature, e.g. [2, 4, 5]. 

Although the solutions presented in these papers 

provide great accuracy of simulations, long time of 

computations can be associated with them.              

As a similarly accurate and much less complex 

solution, we introduce a universal rational 

approximations (for direct and creeping rays) which 

are independent of geometry of the propagation 

scenario, and of the frequency band. For this purpose, 

we introduce new variables for which we carry out 

universal rational approximations by means of the VF 

algorithm [6]. These new variables depend on the 

frequency and the geometry of the propagation 

scenario. Using this approach we have to perform the 

rational approximations once for a radiation ray (e.g. 

the ray heading form Q' to PL or from Q' to QR' in 

Fig. 1) and coupling ray (e.g. the ray heading form 

QR' to PR in Fig. 1). The obtained coefficients can be 

then used in many other scenarios and frequency 

ranges. In this way we obtain universal 

approximations which can be used for all considered 

(predefined) parameters of scenario geometries and 

frequency bands. 

 

Figure 1: The example 2D ray scenario of a propagation of 
electromagnetic wave on a convex body. The EM wave is radiated 

by z-directed magnetic current source placed at point Q'. The 

observation points are placed at point PL and point PR. 

2 THE TRANSFER FUNCTIONS OF RAYS 

The exemplary scenario of radiation and coupling 

rays is shown in Fig. 1. The position of a z-directed 

magnetic current source is at the point Q’. We can 

distinguish three kinds of UTD rays. The first of them 

is a radiation direct ray which travels between the 

points Q' to QR'. The second kind is a radiation 

creeping ray which travels between the points Q' to PL. 

The last kind of a ray is a coupling ray which 

originates at the point QR' and leads to the point PR. 

The counterclockwise shedding point is marked with 

Q. The main parameters of the scenario are: a, b – the 

axes of the elliptical cylinder,  R – the radius circular 

cylinder, ��′, ��, ���′, ��� – the coordinates of 

attachment and shedding points that define a creeping 

wave path, θ
i
 – the angle between vector ��′������ and the 

direct ray originating at Q’ (Fig. 1). The distances 

along which the EM wave propagates in the air are 

denoted by sL
 

and sR. The electric field vectors 



 

 

associated with a radiation and a coupling ray at the 

observation points PL and PR are parallel to the unit 

vectors ������� and ���������� , respectively. 

Fourier transforms of the time-domain derivative of 

a TE polarized magnetic current source – M(ω) and 

the electric filed at the observation point PL – ��	
�� 

and at the observation point PR – ���
�� are related 

by (1) and (2), respectively  [7]: 

��	
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������� 
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������ �−�������  , (1) 

���
�� = �
������" 
�����#
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�$���� �−����$��  . (2) 

where spL and spR are the total lengths of the rays 

originating at point Q' and terminating at the points PL 

and PR, respectively, vo is the speed of  EM wave in 

free space, Ac(sL) and Ac(sR)  are equal to (sL)
-0.5

 and 

(sR)
-0.5

, respectively [7]. Transfer functions ����� 
�� 

and ����" 
�� are associated with a creeping radiation 

ray and a direct radiation ray, respectively while ���#
�� relates to a coupling ray that originates at the 

point QR'. The three outlined transfer functions will be 

approximated in the next section of the paper with the 

VF algorithm. The transfer functions ����� 
�� and ����" 
�� are defined with the universal Fock radiation 

function while ���#
�� with the Fock coupling 

function  [7]. These free functions will be now 

rearranged to enable their approximation with rational 

functions using the VF algorithm [6]. We will express 

them as functions of new variables (normalized 

frequencies).   For the  case of TE polarized magnetic 

current source transfer functions ����� 
��, ����" 
�� 

and ���#
�� can be rearranged into the following 

form: 
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where: 

&'()� = �/02�� 1�2 , (6) 

&'()" = − �=0
>′�2�� ;<�271"9, (7) 

1�== ∙ I ∙ J�5K�  , (8) 

/0 = L 15K�M2 ∙ 1= ∙ I . (9) 

Definitions of variables Tc and Fc can be found in 

APPENDIX I of the paper while ae(Q’) and ae(Q) are 

the radii of curvature of the elliptical cylinder cross-

section at the attachment point (Q’) and the shedding 

point (Q), respectively (the termination points for a 

creeping path) [7]. It should be noted that for the case 

of a creeping wave propagating along the right circular 

cylinder in Fig. 1 points Q’ and Q become points QR’ 

and PR, respectively. The rest of the variables used in 

the above equations are illustrated in Fig. 1. Functions 

G(x) and V(x) are the universal Fock radiation and 

coupling function for the TE polarization case, 

respectively. It should be noted that when a = b = R 

(circular cylinder case), Re simplifies to R while θc is 

equal the angle distance that travels a creeping ray 

along a convex obstacle surface.   

In order to find the universal VF approximation of 

(3) – (5) dedicated to general, practical UWB 

scenarios we rewrite (3) – (5) by defining new 

functions of the new presented above variables which 

will by approximated then with the VF algorithm.  

����� 
&'()� � = * 14- ∙ /01�2 ∙ N���� 
&'()� � , (10) 

����" 7&'()" 9 = * 14- ∙ ;<�2
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���#
&'()� � = 1
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>′�=
>�E8/F∙ N��#
&'()� � . (12) 

It should be noted that the expressions which are 

multiplied by the new functions of the new variables 

are independent of frequency.     

       The analogous formulas to the three above 

equations for the case of TM polarized magnetic 

current source as well as the case of an electric 

current source are not given in the paper but can be 

found easily using the theory presented in e.g. [7].  

3 RATIONAL APPROXIMATION 

In order to find the universal simple in form time 

domain equivalents of (3) – (5) functions OPQRS 
TUVWS �, OPQRX 7TUVWX 9, and OSYZ
TUVWS � will be approximated 

with VF algorithm in the predefined domain limits. 



 

 

We determine the ranges of  the variables TUVWS   and  TUVWX . These ranges should reflect the practical values 

of parameters of an UWB propagation scenario. 

We assume 0.1 ≤ Re ≤ 0.3 [m] - compare [2, 3],  0.5  

≤  f  ≤ 10 [GHz] (typical UWB spectrum), 10
-4  

≤  θc  ≤  

π [rad] (from the practically grazing incidence case to 

the backscattering case) and 0.5∙10
-3

 ≤  S[U
\X� ≤ 1.  

With the above assumed bounds for UWB channel 

scenario parameters the limits of approximation 

variables are as follows:   10
-11

  ≤  −&'()"  ≤  10
2
,  10

-11
 

≤  &'()�   ≤  10
3
 (log scale sampling of approximation 

domains is used).  

After performing VF approximations of N���� 
&'()� �, N���" 7&'()" 9, and N��#
&'()� �  with the maximum 1% 

allowed error of approximation in the predefined 

domains limits we obtained 25, 42 and 25 components 

approximating N���� 
&'()� �, N���" 7&'()" 9, and N��#
&'()� �, respectively. When we use  (13) and (14) 

as variables independent on ω, we can present the 

approximated forms of (3) – (5) in (15) – (17): 
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The corresponding time-domain equivalents of (15) 

– (17) are the sums of exponential functions, which 

can be easily found by applying the inverse Laplace 

transform.  

The approximations (15) – (17) and the 

corresponding time-domain functions are valid when 

the following inequalities are fulfilled: 

10b88
2-h� ≤ &�] ≤ 102

2-hj , (18) 

10b88
2-h� ≤ −&"] ≤ 10C

2-hj . (19) 

where fL and fH are the lower and the upper limits of 

the considered frequency band of a time-domain 

derivative of a current source. 

We set values of fL and fH, as these frequencies for 

which the amplitude of an input signal in the 

frequency domain decreases to 2% of its maximum 

value. 

3 SPICE MODEL 

In this paper propose to use SPICE models 

associated with the results from Section III. Modeling 

in SPICE enables the possibility of including detailed 

models of a transmitter and a receiver that consider 

their nonlinearities. 

 As a result of the approximations, described in the 

previous section, we obtain three transfer functions: ����� 
��, ����" 
�� and ���#
�� (jω = s), as a finite 

series of partial fractions. They have the form of a 

single fraction which represents a partial transfer 

function of the two-port, which are next used to build 

the subcircuits corresponding to each partial transfer 

function. The two-ports can be found by adopting the 

procedure given by us in [8].     

4 NUMERICAL EXAMPLES 

In this section we verify the results presented in 

Sections 2 and 3 with implementation of Spice models 

through simulations of propagation of UWB EM wave 

on a convex body shown in Fig. 1. The source of a 

wave is a TE polarized magnetic current source placed 

on an elliptical cylinder. SPICE simulation results are 

compared with IFFT results calculated with (1) and 

(2). We present two numerical examples of the 

scenario from Fig. 1. As a derivative of a magnetic 

current source we use an UWB pulse given by (22) 

with tc=1ns and τ=0.2ns: 

k
l� = m1 − 4- �l − l�n  Co × ��� m−2- �l − l�n  Co . (22) 

In both examples the elliptical cylinder axes are a = 

0.3m, b = 0.2m while R is equal 0.1m. In the first 

example ��′ ��	 and ���  equal 
df -, 

8C - and 
8f - rad, 

respectively while in the second example these 

variables equal 
Cd -, - and 0 rad, respectively.    

The simulation results of the first example are 

shown in Fig.  2, while the calculation results for the 

second example are shown in Fig. 3. The propagation 

delay is not taken into account in presentation of the 

results. In each figure are shown 2 waveforms (left and 

right). The left waveform relates to the observation 

point PL, while the right waveform is associated with 

the observation point PR. Frequencies fL and fH are 

0.32 GHz and 10.40 GHz, respectively. The solid line 

waveforms are calculated using IFFT, while the dotted 



 

 

line waveforms are calculated in SPICE. In both 

examples IFFT and SPICE simulation results are in 

very good agreement what is a consequence of the fact 

that ranges of  &�]  and  −&"]  for the given ray 

scenarios fit in the limits given in Section 3. 

Figure 2: The simulation results at the observation point PL in Fig. 1 

(left waveform) and at the observation point PR in Fig. 1 (right 
waveform) for the first example. 

Figure 3: The simulation results at the observation point PL in Fig. 1 
(left waveform) and at the observation point PR in Fig. 1 (right 

waveform) for the second example 

Comparing the time efficiency of calculations we  can 

report that frequency-domain and IFFT based 

calculations require 5-10 times more time than Spice 

simulations. These numbers grows up to several tens 

(e.g. 80) when algorithms implementing only 

analytical calculations are applied. 

5 CONCLUSIONS 

In the paper we presented universal rational 

approximations of transfer functions of UTD rays 

associated with a propagation of an UWB 

electromagnetic wave when a source is placed on a 

convex obstacle. In order to obtain universal vector 

fitting approximations we introduced new variables. 

We specified the ranges of these new variables that 

reflect practical values of UWB propagation scenarios. 

Various scenarios of UWB EM wave propagation in a 

proximity of and on a convex body for various 

frequency bands can be modeled with our results by 

controlling only the geometrical parameters of the 

scenarios (Re, θc etc.). 

The presented impulse responses of the rays have a 

very simple form, given by a sum of exponential 

functions.  Therefore the obtained results are suitable 

for modeling of such UWB EM wave propagation in 

SPICE-like simulators. The great advantage of 

modeling in SPICE is a possibility of including 

detailed models of a transmitter and a receiver that 

consider their nonlinearities. Moreover in simulations 

of an EM wave propagation we can implement very 

fast and effective convolution algorithms with any 

input signal [9] or algorithms implementing only 

analytical calculations. 

APPENDIX I – DEFINITIONS OF VARIABLES 

USED IN THE PAPER 

The definitions of variables used in the paper are as 

follows:  

K� = 1
5D= ∙ �p�
q′�EC + DI ∙ ;<�
q′�EC × 

85D�∙'"r
s�EtuD)∙�v'
s�Et  , 

(23) 

J� = wx 15D= ∙ �p�
q�EC + DI ∙ ;<�
q�EC
s

s′

w yq , (24) 

where: 

q′ = =z;l=� {I= l=�
�′�| , (25) 

q = =z;l=� {I= l=�
��| . (26) 

where φ’ and φ are the geometrical angle coordinates 

of the attachment (source point) Q’ and the shedding 

point Q, respectively. 
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