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Abstract. In this paper a hybrid method combining the large perfectly conducting plate modelled with the TD-UTD
Time-Domain Method of Moments (TD-MoM), the Time-
Domain Uniform Theory of Diffraction (TD-UTD) and
the Finite-Difference Time-Domain Method (FDTD) is pre-
sented. When applying this new hybrid method, thin-wire inhomogeneous bodies modelled with the FDTD
antennas are modeled with the TD-MoM, inhomogeneous FDTD-volume
bodies are modelled with the FDTD and large perfectly con- /@/ /
ducting plates are modelled with the TD-UTD. All inhomo-
geneous bodies are enclosed in a so-called FDTD-volume
and the thin-wire antennas can be embedded into this vol-
ume or can lie outside. The latter avoids the simulation of
white space between antennas and inhomogeneous bodies. If
the antennas are positioned into the FDTD-volume, their dis-
cretization does not need to agree with the grid of the FDTD.
By “5'”9 the TD'UTD Iarge perfectly conducting plates Can Fig. 1. Schematic representation of the proposed hybrid method.
be considered efficiently in the solution-procedure. Thus this
hybrid method allows time-domain simulations of problems
including very different classes of objects, applying the re-the three methods are shortly presented in Sect. 2—4 with-
spective most appropriate numerical techniques to every obeut claiming to give a complete overview about state of the
ject. art developments of the specific methods, but pointing out
the properties, which are important for the hybridization. In
Sect. 5 the hybrid method combining all three methods is
1 Introduction developed step by step. Finally, numerical examples are pre-
sented.

Every numerical method has inherent advantages and disad-

vantages. For example the FDTD is not efficient for mod-2 TD-MoM
elling electrically large but simple bodies whereas the TD-

UTD is well suited for such bodies but cannot be applied

to inhomogeneous bodies. Consequently, by combining sev- considered are perfectly conducting thin-wire antennas

eral techniques hybrid methods can be created to overcomgrfaces) located in free space. One standard integral equa-
the disadvantages and simultaneously make use of the advafip, for the electric field radiated in free space by the current

tages of the underlying techniques. . density J flowing on the surfacé reads:
In the context of this paper we treat transient problems

as shown in Fig. 1: EI_ectricaIIy large perf_ectly conducting E™q ) :f [_vp(r’, DR (G ;')] dd', @
plates are modelled with the TD-UTD, thin-wire antennas s 4mer ot Anr

are modelled with the TD-MoM and inhomogeneous bod- . , , / . , ,
ies are modelled with the FDTD. The aim of this paper is With r=Ir—r'l, p(',)==Jo VJ (', 1)di and i'=1—¢.
the hybridization of all three methods. Therefore, first of all FOT the numerical solution the Ansatz

N, N,
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large perfectly conducting plate modelled with the TD-UTD /thin-wire antennas modelled with the TD-MoM
observation point /@/
absorbing boundary/condition (PML)

FDTD-volume ]

Bk inhomogeneous bodies modeéd with the FDTD
antenna modelled with the TD-MoM Fig. 3. Schematic representation of the TD-MoM+FDTD-Hybrid

Method.
Fig. 2. Schematic representation of the TD-MoM+TD-UTD-

Hybrid Method. The diffracted field in an observation point is mod-
elled using one equivalent source point. Additionally shown: One

ray reflected from basis functigy to test functiong;. 3 Time-domain Geometrical Theory of diffraction

The Geometrical Theory of Diffraction is based on the repre-

is chosen to approximate the spatial and temporal deloengentatlon of waves by rays. According to the UTD, the field

: Ny radiated by a point-source in presence of a perfectly con-
dency of the electric current densitg¢mez et al. 1992, ducting plate can be approximated as the sum of the direct

Ni aqd N denote Fhe number of temporal and_ sp:?ltlal baSISray, a reflected ray and diffracted ray@ousseau and Pathak
functions, respectively anf} ; are unknown weighting co-

efficients. Substituting Eq.2f into Eg. @) and taking the 1999:
temporal derivate of the electric field yields
E=FE;osU;+ ErUgr+ Ep, (5)
iErad(r’ 1 = i ﬁ: It_// [VVi (r")T;(1") with U; =1 if line of sight (LOS) is given between source and
ot po e S LR er observation point and/;=0 if no direct ray reaches the ob-
) , , servation pointUy is equal to one, if a reflected ray reaches
_ 0T pBi ;@) | 3)  the observation point and it is equal to zero, otherwise. Ac-
312 r cording to the UTD, the reflected and diffracted fields are

found by using the fields in the reflection and diffraction

wherey; (r')=VB(r'). A scalar equation is derived by mul- Points, respectively. Botl/; and Ug, as well as possible

tiplying Eq. (3) with a test functiong; and integrating the reflection and diffraction points are found by using a ray-

result over the domaifi of the test function. In a next step, tracing algorithm.

the time axis is subdivided into time stepsaT and it is The diffracted field is found by convolution of the field

assumed that Ep, in the diffraction point with the diffraction coefficient
and multiplying the result with the spreading factogs,;):

0 if t—jT|>T

L . 4 o
T4—jT) if [t—jT|<T @ ED(sd,o:EDO(t—%”’)*d (- 2E

c

T‘ =
() { 1) A(s). (6)

and that forrg7=noT all coefficientsl; j.,, are known. On  ith

the surface of perfectly conducting scatterers the total tan-

gential electric field must vanish, i.e. the sum of the incoming 5/

fields E and the radiated fieldg"d must be zero. Fuffill-  A(sq) = [ ————. (7

ing this boundary condition at the domain of all test functions Sd (54 +57)

B and forzy leads to a systems of linear equatiof@®ez -

et al, 1992 to calculate the coefficients ,,. Consequently, The dyadic diffraction coefficient/ (¢) can be found in

in a so-callednarching-on-in-timgorocedure all coefficients Rousseau and Path&k995. In the context of this paper,
I; ; can be calculated successively. The potential considethe fields in the reflection and diffraction points are calcu-

incoming field in the solution procedure is the main point of lated with the TD-MoM and the FDTD, respectively. Thus
contact for hybridization. these fields act as point of contact for hybridization.

Adv. Radio Sci., 5, 10713 2007 www.adv-radio-sci.net/5/107/2007/



A. Becker and V. Hansen: A hybrid method 109

___—antenna modelled with the TD-MoM antenna modelled with the TD-MoM
/@/ body modelled with the FDTD
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Fig. 4. Subdivision of the FDTD-volume into total field region and
scattered field region and the Huygens surfaces used for hybridizariy 5. sybdivision of the FDTD-volume into total field region and
tion. scattered field region and the Huygens surfaces used for hybridiza-
tion.

4 FDTD

flowing on the antenna. All necessary current coeffi-
For this paper a simple 3D-FDTD with a Perfectly Matched cients/; ;, which excite a field at=noT in the obser-
Layer (PML) as absorbing boundary condition is used; for  vation point are — due to the distance between source

details see e.glaflove(2000. The points of contact for hy- and observation point — calculated in timarching-on-
bridization are the total-field/scattered-field formulation (see in-time procedure before.

e.g. Huang et al. 1999 to introduce incoming fields into
the FDTD-volume and the calculation of fields outside the 2. The influence of the surrounding on the currents is con-
FDTD-Volume with a surface integral representation of the sidered by treating reflected or diffracted fields, which
electric field (see e.karlatos et al2005. reach the surfacé of the antennas, as incoming fields
E'™ in the marching-on-in-timeprocedure. Thus the
free space Green'’s function used for Eq. (1) is implicitly
5 Hybrid methods modified. This strategy is well proven as it has been suc-
cessfully applied for several frequency-domain hybrid
The three methods are hybridized by using well known the- methods Alaydrus et al. 2009. Reflected and scat-
orems and making use of the superposition principle. In the tered fields are constructed by using the centre of any

following — for the sake of simplicity — the process of hy- base functiong; as origin of the respective rays. For
bridization is described step by step. one infinitely large reflecting platey, basis functions
andN; test functions this results int§? reflected rays.
5.1 TD-MoM+TD-UTD-Hybrid Method Becker and Consequently, this becomes relatively costly.
Hansen2006

5.2 TD-MoM+FDTD-Hybrid Method
The schematic representation of this hybrid method is shown

in Fig. 2. The hybridization of both methods comprises two As shown above, the consideration of the influence of the
steps: surrounding on the currents flowing on the thin-wires is rel-

atively costly. Additionally, the TD-MoM+TD-UTD Hy-

1. The fields in the observation points are calculated withbrid Method is restricted to problems involving simply struc-
Eq. (5). For this purpose, the fields radiated by the thin-tured scatterers. In the context of this paper, this restriction
wire antennas are approximated by rays with sourceis overcome by using a TD-MoM+FDTD Hybrid Method.
points lying on the surfacd of the antennas, which When applying this hybrid method, thin-wire antennas are
are modelled with the TD-MoM. In many cases the rays modelled with the TD-MoM and inhomogeneous bodies are
reaching an observation point can be constructed by usmodelled with the FDTD. All inhomogeneous bodies lie in-
ing one equivalent source-point in the centre of the an-side the so-called FDTD-volume, which is enclosed by a
tenna (see Fig. 2). The direct fields in the observationPML (see Fig. 3). The TD-MoM is fully hybridized with
points (if line of sight is given, i.el/;#0) and the fields  the FDTD, if the fields radiated by the thin-wire antennas
in the reflection and diffraction points are calculated in are considered in the FDTD solution-procedure (at the loca-
the sameamarching-on-in-timgrocedure as the currents tion of the inhomogeneous bodies) and if the influence of the
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large perfectly conducting plate modelled with the TD-UTD

observation point Huygens surfaces SHjused to calculated the fields
radiated/scattered by the FDTD-volume

O
(PMD\ % q I

= X
sH—1 | Y
2 = Huygens surfaces SH, and SH,used to
SH, —] introduce fields into the FDTD-volume

Fig. 7. The three necessary Huygens surfaces for full hybridization
of all three methods.

scattered field region
total field region

nas modelled with the TD-MoM. The discretiziation of the
latter does not need to agree with the grid of the FDTD. The
total field region includes the inhomogenous bodies and can
include arbitrary material (see Fig. 5). The scattered field,
inhomogeneous bodies on the currents flowing on the thinwhich is in fact the field back-scattered to the antenna by its
wire antennas are considered in the TD-MoM solution pro-surrounding, is used as incoming field in the TD-MoM solu-
cedure and vice versa. This is achieved by using the approaction procedure. As the antenna lies inside the FDTD-volume,
described irHuang et al(1999: The basic idea is to subdi- fields outside the FDTD-volume can be calculated by us-
vide the FDTD-region into a scattered field region and into aing SH3 (not shown in Fig. 5) and the procedure described
total field region. By this a numeric Huygens source schemeabove. Consequently, for observation points outside the
is realised and it is possible to introduce arbitrary incidentFDTD-volume, the FDTD+TD-MoM Hybrid-Method does
fields into the FDTD-volume. For the sake of simplicity itis not distinguish from &tand-aloné=DTD method.

useful to use the following case differentiation:

Fig. 6. Schematic representation of the TD-UTD+FDTD-Hybrid
Method. Not shown: Rays backscattered to the FDTD-volume.

5.3 TD-UTD+FDTD-Hybrid Method

5.2.1 Thin-wire antennas outside the FDTD-volume
The FDTD is hybridized with the TD-UTD by using a strat-

Figure 4 shows the case of an antenna modelled with the TDegy very similar toSkarlatos et al(2003: In the applica-
MoM, which lies outside the FDTD-Volume. The fields radi- tion of the TD-UTD the fields in the reflection and diffrac-
ated by the thin-wire antennas are introduced into the FDTD+ion points, as well as the direct fields, are calculated using
solution procedure by using the surfatH,, which seperates once again a surface integral representation and the equiva-
the total field region (insideS H>) from the scattered field lence principle (surfac§ Hz). To save memory and CPU-
region (outsideS Ho). Consequently, at the position of the time SH3 is subdivided into large subdomains and for the
inhomogeneous bodies, the unknowns of the FDTD includeray-representation of the fields one equivalent source point
the fields radiated by the thin-wire antennas. The fields rafer subdomain is used. Obviously, the farther the reflection
diated or scattered by the FDTD-volume are calculated byand diffraction points are away from the FDTD-volume, the
using equivalent sources on the Huygens surfalle lying less subdomains are needed. Therefore it is sometimes use-
just inside the PML (see Fig. 4) and a surface integral repreful, to use one equivalent source point in the centre of the
sentation of the electric field (see elaflovg 2000. These  FDTD-volume as shown in Fig. 6. Fields back-scattered to
fields are used as incoming fiel#"¢ in the TD-MoM solu-  the FDTD-volume can be taken into account in the FDTD so-
tion procedure. lution procedure by using the same procedure and the same
surfaceS H» as described in Sedh.2.1
5.2.2 Thin-wire antennas inside the FDTD-volume
5.4 TD-MoM+TD-UTD+FDTD-Hybrid Method
As shown in Fig. 5, the antennas modelled with the TD-MoM
now lies inside the FDTD-Volume. The FDTD-volume is When applying this hybrid method thin-wire antennas are
seperated by the Huygens surfaf#; into two regions: A modelled with the TD-MoM, large perfectly conducting
total field region and a scattered field region. The scattereglates are modelled with the TD-UTD and inhomogeneous
field region needs to be homogeneous and includes the antebbodies are modelled with the FDTD. The hybridization of
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Fig. 8. Rays reaching a cut out 6fH, and a ray tube enclosing 4
grid points. Fig. 9. Dipole embedded into a dielectric cylinder.
all three methods is achieved by starting with the TD- 1.521m
MoM+TD-UTD hybrid method and using the superposition  ——
principle. The TD-MoM+TD-UTD hybrid method consid- YN < " 1
ers the interactions between the thin-wire antennas and the &= 10 [02m] ~~contor fed dipole
large plates. Additional FDTD bodies require the use of the

Huygens surfaceSH1 and S H» to introduce the fields radi-

ated by the thin-wire antennas into the FDTD-volume. TheseFig. 10. Dipole embedded into a dielectric cylinder.

fields can include fields, which are radiated by the thin-wire

antennas and then scattered by the plefés; is used to cal-

culate the fields radiated or scattered by the FDTD-volumesolution procedure. That means, that for any grid point on

and these fields are considered as incoming figlisinthe  the surfaceS H, individual rays have to be constructed (see

TD-MoM solution procedure. Additionally, these field& Fig. 8). This is extremely costly but in future developments

can include fields radiated by the FDTD-volume and thenthis might be accelerated by making more use of the ray rep-

scattered by the plates. Thus the interactions between theesentation of the scattered fields. As indicated in Fig. 8 ray

thin-wire antennas and the inhomogeneous bodies are coriubes can be constructed, which enclose more than one grid

sidered including the additional influence of the plates. Con-point and by this the cost for constructing the rays becomes

sequently, one needs to use all three Huygens surfalgs ~ much smaller. The drawback of this strategy is that the tem-

SH> and S H3 and by this all three methods are hybridized poral behaviour of the field in one reference point (grid point

(see Fig. 7). (i, j, k) in Fig. 8) has to be stored in memory to be able to
calculate the fields on different surfaces of constant phase.

5.5 Major drawbacks and improvement opportunities

One of the main drawbacks of the proposed methods are the Numerical examples

resource and calculation requirements to calculate the fields

radiated by the FDTD-volume. These fields are calculateds.1 Dipole embedded into a dielectric cylinder

by using equivalent sources on the Huygens-surfdgégand

an integral representation of the electric field. This calcula-Considered is the geometry shown in Fig. 9 and Fig. 10, con-

tion is very costly and we assume that these costs can be reisting of a center-fed dipole (radius=0.001m) embedded

duced by using techniques like the one propose@étting  into a dielectric cylinder, which is surrounded by a dielec-

and Klinkenbusct{2005. tric medium. In Fig. 11 the input impedance of the dipole
Right now, the second main drawback is the fact that theis shown. The result calculated with the TD-MoM+FDTD-

fields scattered by the plates have to be calculated pointwiselybrid Method is compared to the result calculated with a

(see also Secp), in order to be introduced into the FDTD- frequency-domain method of moments for cylindrically lay-

volume and to be used as incoming field in the TD-MoM ered mediaBecker and Hanse2006.
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1Z,| [sz _;B_mom,,FDfD hybrid method ‘ 6.2 Human body in front of a dipole with reflector
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As a second example, a center-fed dipole=§.001m) in
front of a perfectly conducting plate (infinitely long iax-
direction) and a model of the human body is considered
(based on visible humaNational Library 1986 Gabriel|
2006 discretized using\,=A,=A;=0.01m). In Fig. 12

the absolute value of the electric field inside the body (cut
at x=0.31m, i.e. the plane including the dipole) is shown.
For this calculation diffraction at the edges and corners of
the plate and the influence of the human body towards the
currents flowing on the dipole are neglected. The fields radi-
40 500 300 7000 1200 F [MHz] ated by the thin-wire antennas and reflected by the plate are
calculated by using mirror sources.

Fig. 11. Inputimpedance calculated with the TD-MoM+FDTD Hy-

brid Method and with the frequency domain Method of Moments. )
7 Conclusions

The presented method combines three techniques to a new
hybrid method. Using this it is possible to aply appropriate

‘ [;n]z l' ' 0.72'm numerical techniques for modelling different types of bodies:
' The TD-UTD for large, perfectly conducting bodies, the TD-
MoM for small, perfectly conducting bodies and the FDTD
2r 1 for dielectric bodies. The combination of these three ap-
0.5m proaches yields a powerful tool for handling problems which
cannot be treated with any other time-domain technique.
0.2m
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