
A CP-FDTD PREPROCESSOR IN CARTESIAN AND RECTANGULAR COORDINATES

S.M. Vaitheeswaran*, K.P. Pallavi* and N.N. Multhy*

Abstract

In. this paper we present a versatile mesh generator in Cartesian and Rectangular co-ordinates

for the Contour path Finite Difference Tirue Domain method wherein the grid is acLjusted

localll, tofollow the con.tour of the geontetric bounclaries. The infornntion about Seontetr)',

curved intetfaces (dieLectric/dielectric, PEC/air etc) nmterial parameters, cLngles are obtained

Jrom the geonrctry o.f the intersecting intetfuces at the mesh stage itself and does not need anl'

particular area caLculationfor implententcttion at the FDTD soLver stage. When run on a stair

stepped or o contour path FDTD solver, the conformal approxinntion permits modelin.g of
sloped and curved boundaries, while the steppecl approxinntion perntits modeling of Linear

ntaterict! nteclia. AdditionaLLl, to ntodel thin lcLyers snnlLer tlmn the spatiaL step size a loccLl sub

girding opprouch that aLlows fine geometries to be ntodeled is usetl ctt tlte mesh stage itseLf.

This nteons structures that are less thon the grkl cliscretization suclt as thin pkftes uncL snuLll

banps are incorporilecl into the ntesh ctt negligibLe costs-

Nomenclature

B = magnetic induction vector

CPFDTD = contour path finite dil i'ence time domain

metl.rod

D = electric displacetnent vector

E = elecLric iield intensity vector with

cornponents Ex, Ev, Ez

EMV =electromagnel-icinierference/electromagnetic
EMC compatibilitY

so = ll'ec space pcrmittivitY

||1; = frec space PelmcabilitY

A = space step

Lt = time step

FDTD = finitc diffelence time domain

H = lragnetic field intensity vectol with

cornponents Hx, Hv, Hz

ij,k = the x, y and z indices of the spatial

co-otdinates

PEC - pert'ect electric conductor

RCS = tadar ct'oss scction

u,r,r,., = x, y and z co-ordinates of the vertex in the

grid

/r,_,,.. = x, y and z co-ot'dinates of the testing point

in the grid
cLs' = distance between the testing point and the

-srid point

Introduction

The FDTD scheme, since its inceptive advent in 1966

[l] has established folmidable modeling goals and has

radically advanced sirnulation standards ['or a wide retnge

of electromagnetic scattering, guidance and propagation

problerns. The FDTD algorithm is a numerical solution of
Maxwell's equations where the equations fol the algo-

rithm ale derived from the differential fonn ofFaladay's
and Ampere's laws in conjunction with the constitutive

relations B = FH and D = eH. These are irnplemented on

an auay of electrically small, spatially orthogonal con-

tours and the contours mer'h (intersect) in the manner of
links in a chain providing a geoniett'ical intelpretation of
the coupling of the two laws.

Notwithstanding the algorithrnic elegance and its sim-

plicity, the geometric modeling and nieshing of the FDTD
rnethod however can be time consuming and error plone

fbr manually manipulating complex geomelr'ies like an

airclaft. Moreover the classical FDTD method pl'esents a

plincipal hindrance in its ability to successfully cope with
iiblupt curvatures and complicated geotletlies in open-r'e-

gion problems. It renders the well-known "slair'-oasing"

procedure [2] inadequate to plovide consistent nurnelical
simulal-ions and generates severe discrctization and lattice

leflection errors.

Considerable effolt has been expended since the cally
-l980s 

to make the FDTD method rnore versaLile and as er
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fesult two plincipal versions are now available. The first
of these isthe global n.on-ortltogonal FDTD aLgoritltm[3].
Tlre second is a Contour Patlr FDTD approach [4], which
uses a nearest neighboul approxirnation to truncate the

contour locally ol the use of local extended contours,
which overlap on a pledominantly rectangular grid at the

curved boundaries or angles. The global curvilinear FDTD
rnethod has the advantage of having uniform folmulas and

thelefore the core code is universal. For different practical
ploblerns, only the particular metric fensor needs to be

specified. Nonel-heless, the global curvilinear grid needs

rnany times more memory than the rectangular FDTD to
stole the rnetric matrix tensor and it also consumes mucl-r

lnore computational time, sinie nany transfol'mations
have to per'fornred between convariant and contra-variant
cornponents. The CPFDTD technique on the other hand

lequires inlblmation only local to the intersection points
between the surface of the target being modeled and the

Caltesian/Rectangular grid while retaining the or-iginal

unilbrrn lormat for the grid, both in the interior and the

exterior of the object. This offers considerable run time
savings fol large electlical length problems or intlicate
geometries fol a given rnesh compaled with stepped edge

modeling.

In tlris paper we present a versatile nrcsh generator for
the CPFDTD nrethod in Cartesian and RectanguLar Co-

ordinates with a facility to model either with a body
conlonning FDTD apploximation or a stepped (uniform)
apploximation. In the CPFDTD approach the geometr:ic

boundaries described with curves and angles are not dis-
tol'ted to fbllow the geometr-ic boundaries, rather the grid
is adjusted to fbllow the contour of the geometric bounda-
ries in two and three dimensions. The approach is similar
to the BoR algolithnr desclibed by Jurgens and Halfoush

[-5] fbl calculating the wake fields in paltiole accelelatols.

The advantages of the mcsh genet'ator developed are

that infbrmation about geometry, curved intelfaces (di-
clectric/dielectric, PEC/air etc) rnatelial parameters, an-

gles ale obtained liom the geometry of the intersecting
inter'1aces at the mesh stage itself and does not need any
particulal area calculation for intplernentation at the solver
stage. When run on a stair stepped or a contour path FDTD
solver, the conformal approximation permits modeling of
sloped and curved boundalies, while the stepped approxi-
rnation pelrnits rnodelin-t of Iinear rnaterial media. Addi-
tionally to urodel thin layers smaller than the spatial step

size a local sub giLding approach that allows fine georne-

tlies to be modeled is used. This means structures that are

less than the grid discretization such as thin plates and

small bumps are incorpolated into the rnesh at negligible
costs.

Theory

In the CPFDTD algorithm the equations fbr the FDTD
updates are derived from Ampere and Faraday's integral
laws. The discretization for the electric and magnetic fleld
components in both space and time is the serme as for. the
unifbrm FDTD and in tegions where the curved media
interfaces exists, the CPFDTD update algorithms eclua-
tions are distorted from the uniform mesh. These ar.e done
in separate ways for a PEC/free space and for dielectr-ic
intelfaces as follows:

PEC Curved Surfaces: Figule I shows the geornetry of
the intersection between a curved PE,C object and the
FDTD rnesh. In the CPFDTD technique, rhe elecrric fielcl
update equations (Ampere grirl) r'emain unchanged fi-om
that in the unifbrm scheme, but the rnagnetic fteld (Faru-
day Grid) is updated differently. For instance, for the H_
component fbr the contour C, we use:

n+l/1
, _ 

'- (, + t/zi + t/z)
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where A is the area within contour C,. The contour Cl
ignores the unusable E" field which is leplaced by th6
zero-valued tangential ei-ecttical field along the sur-face of
the perfect conductor. /, are the lengths as shown in Fig. L
In contoul C, the contoul is again distorted to include the
zelo-valued tangential electric field, ignoling the unusable
E" component. The unusable E , cornponent is replaced by
its collinear neighbour fol tl.re pot'tion of the contour
replesented by length 1, and so on.

In contrast to the unifolm FDTD scheme, the magnetic
field update equation above requires the geonrctrical in-
fornntion pertaining to the intersection o1'the object sur.-

lace with the Cartesian grid [4]. This is done in the pr-esenr
paper at the mesh sta-qe itself and is obtained from the
geometry and the intersecting grid as described in the next
section. The interface information in then stored in sepa-
rate rnedia parameter arrays and used with the FDTD
update equations directly instead of calculating the indi-
vidual cell a'feas separately at the time of time stepping.

Curved Dielectric Surfaces: The CPFDTD has been
generalized in [6] to improve the sirnulation accut-acies of
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Fig. I Two-D configuratiott of intersecliott between a curvecl

PEC and Cartesian ntesh

dielectric intelface geomett'ies (Fig.2). The method is

similar to PEC intelfaces requires the mesh truncation

infolmation of dielectric objects to calculate the effective

dielectric constant. Unlike existing conformal techniques

fol handling dielectric we use the method of Yu and Mittra

[6] to calculate and effective dielectric constant (instead

of a weighted average procedule) for the electric update

equations. The corresponding interface nodes for imple-

menting the appropriate CPFDTD update equations on

both sides of the dielectt'ic interface are obtained from the

mesh genelator directly as described in the next sections'

The Implementation of the Mesh

The mesh is obtained in a five-stage process. Each

stage uses a set of routines that constitutes the tools
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required for the straightforward implementation of the

code and serves as an input for the successive stage.

In the first stage the object(s) and the surrounding
region(s) are first described by a set of co-oldinates with
a prescribed syntax using a text file editor. A
Cartesian/Rectangular Co-ordinate system is assumed and

the co-ordinates dimensioned are in MKS units. Any
number of materials can be described and the matelial in

a region is described by its pelmeability, pelmittivity, and

conductivity. The closs section areaofeach homogeneous
material defines a region and the edge of a legion defines

a regiott boundary. Region boundaries are described as

closed polygons composed ofsegments: lines, cilcular and

elliptic areas. A region can contain discontinuities whose

characteristics in a homogeneous region can be different
from its surrounding region. A r-egion can have single or
multiple boundaries bul ale lequiled not to cross or inter-
sect each other. The problem domain size, the discletiza-
tion size is directly given as inputs in the text file itself,

In the second stage the entire domain is discretized. A
classification and identification of cells in a particular'

region (using separate identifiers), its location on the

problem boundary or region boundary, its positton on or

off the grid axis is found.

A structure MeSHstruc containing details about mesh

internals namely points, segments, contours, cells, media

types is used for storing mesh information and is genelated

fbllowing the rules given in [4] and [6].

L typedef struct meshinternals {/*contains private mesh

data */
PPstruc problem; /* problem connectivity data */
RPlstruc *regplem; /* region connectivity data */
int **regolient; /*region boundary orientations */
PTstruc **pointtlist; /*list of point data objects */

SGstruc x*seglist; /*list of segment data objects */
*media_ex; /* media type array for Ex */
*media_ey; /* media type affay fol Ey */
*media_ez; /* media type array for Ez *l
*media_hx; /* media type array for Hx x/
*media_hy; /* media type array for Hy */
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int *media_hz; /* media type array for Hz */
GGPop ggop; /* mesh senerator data */

) MeSHstruc

To check whether- a testing point lies on er veltex of a

grid we calculate the distance between the testing point
and a grid point by

Fig. 2 Two-D configuratiorr of intersecliott between a curved

and Cartesian nteslt
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*h"r" V,r,r.,,. are the x, ), and z co-ordinates of the veftex,

/,r,,,,. !tl'e the x, t,and z co-ordinates of the testing point and

r/s is the distance between the testing point and the glid.

A srnall tolerance is set for the distance comparison of
the two points. Ifthe distance ds is less than the tolerance,
the two points can be consideted to be a single point on

the grid. The tolerance is chosen to be much smaller than
the unifblm cell size. All lepetitive points are elirninated
using sirnple algeblaic checks. For a particular field corn-
ponent (Hz. Ex. Ey, Hx, Hy, Ez) depending on the bound-
ary type (E or H) te|mination separate media type aflays
wil-h colresponding dirnensions and rnedia identifiers are

created and stoled as sepatate files. Cor-responding to
these media types a sepal'ate function program in the third
stage creates a stepped postscript- flle lbr plotting and
viewing the stepped boundary approximation. The media
an'ay datzr serves as the solvet' input tbr the contour path
mesh algorithm.

In the lbulth stage of the ple-processor development
the stepped arlay data is leconstructed for the contour path
apploximalions. The peltinent inforn.ration to be obtained
are the media parameter arrays in terrns of the equivalent
cell size fol a PEC object or the equivalcnt material
constants 1'or the dielectric ones. These can be determined
iI' we know the intersections of the grid lines with the
object sulface and can uniquely distinguish between the
intelior and cxt-erior of the object. The intelsection points
erre clct"crrnined relatively using the afolernentioned ap-
ploach easily since the geontetrical descliption of the
cib.ject is available. In the prograrn wc find lhe intersections
beLwecn a grid line and the edges o1'the object, sort the
intelsections by their co-oldinates, pail them and find thc
grid points located between each pair of intersections. To
rurodel thin layers srnallel than the spatial step size a local
sLrb gilding apploach based on thc work of Taflove et.al

[7] Lhat allows fine geometlies to bc modeled is used. For
this a study ol'the acculacy of the Faraday's Law contour-
path rnodel tbr a nan'ow slot having a sub cell air gap was
repeated lbllowin-s the wolk ol' [7] and good co-relation
was lbund with the reported lesults.

Tlre output ol the Mesh data is a text f ile describing the
rnesh o1'the problern 1o be solved. It is often necessal.y to
visualize the mesh dcscribed by this output file in or.der to
check its suitability to the probleln under examination.
Since thc package developed in this project is designecl

with flexibility and portability as main issues, developing
glaphical routine would bind the user to a specific com-
plier and machine. To overcome this pr-oblem, a subr.ou-
tine that converts the mesh contained in the out-pur mesn
description file in a Postscript file fbrmat is pr-ovided.
PostScript language is a well-known standard colrmon ro

every platform and can be directly managed by postScript

printers. Moreover, the freeware package GhostVievv
available fbr- most platforrns, provides a simple rneans of
visualizing the PostScripr f iles and allows the user. ro print
them even on non-Pos/Script printers. Therefor.e conver-
sion of the mesh file visualization is done in stage five.

Results and Validation

Figure 3 shows the stepped and contour path mesh
obtained for a circular and square cylinder- in two and thr.ee

dirnensions. Further the mesh generator developed has
been tested and validatcd for. canonical geornetr.ies with
culved surfaces. The mesh software is integrated with an
in-house developed FDTD solver and used to obtain the
resonance frequency lbr ditfer-ent l-esonator configura_
tions. For the sirnulation by the FDTD method, second
order Mur's boundary conditions are used. The resonance
frequency of the resonatols is extracted tj.om the r.etur.n

Ioss infolmation of theDFTtransfbrlned dataof theFDTD
simulations. Table-1 gives results obtained fbr ditferent
mesh conf igurations and ale compared with exact theoreti_
cal lesults for a palallel plate dielectr-ic rod resonaror
(Fig.a) studied indicating the valiclity of rhe sofrwarc
develooed.

Fig. 3 Ste 14tetl arttl Contour lrrth trcsh con.f igttrutiott irt
C a rl e s intt coo rtl i rutes,fb r. a c i rc I e, c o r t I o r.t r p 4 t 11

tttesh .for a cube oncl ciculur ctlinder



Table-l : Resonance frequency ofa parallel plate
dielectric rod resonator

Mode Resonance fl'equency (GHz)

Theoretical S taircase CPFDTD

HEMr 6.2t4 6.208 6.2t1

HEMz 1.514 1.549 1.511

HEM:rr 9.003 897 899
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Hp at time step = m

; r-r

1m tfll an

Hp et time step = 370

Figulc -5 shows a typical anirnation obtained at two

clil't'erent tiulc-steps for a launch vchicle with a hole

smallcl than the discretization size with the developcd

code The rnodal iield distlibution is easily see n.

Conclusions

A vcrsatilc and cfficient mesh generator lbl the

CPFDTD nreLhod has becn ptesented fol rnodeling bodies

with curved surfticcs and angles. The mesh when inte-

grated with a CPFDTD solvcr can be used l-o solve com-

plex ancl elcctlically lalgc stluctures like aerospace

vehicles for' Lhe propagatin,s (wavc guides), penetrating

(EMVEMC) and radiation (RCS, antenna) problems.
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