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Abstract  The use of multi-antenna systemson vehicular
platforms, for the implementation of ad-hoc wir elessnetwork
architectures, is typically hampered by the problem of co-site
interfer ence betweentransceivers loading neighboring radiat-
ing elementsand the impact of the platform on the radiation
pattern. This paper presentsa rigor ous, full-wave analysisof ef-
fectspertinent to vehicular multi-antenna systemperformance,
basedon a hybrid time/frequency domain analysis that com-
binesthe method of moments(MoM) with the finite difference
time-domain method (FDTD). For the fast solution of suchprob-
lems, MPI-based parallelization strategiesare developed. Ap-
plications where the combined MoM and FDTD simulation of
multi-antenna systemsshedslight to the seriousimpact of mu-
tual transceiver interfer enceon wir elessnetwork operation are
provided.

I. INTRODUCTION

A variety of commercialand military radio network archi-
tecturesadoptmulti-antennasystemsdueto their simplicity.
In particular transmit-receie modulesmountedon vehicular
platformsarewidely encounteredn ad-hocnetwork config-
urationsof VHF military radio and are also consideredor
future generation®f mobile wirelesssystemsHowever, the
concurrenperationof individual receve-transmitmodules,
oftengivesriseto co-siteinterferencesideeffects,suchasde-
sensitizationinter- andcross-modulatiothateventuallycor-
ruptthe overall systemperformancgl, 2]. Further sinceve-
hiclescarryseveralcomplex antennagor differentfrequeny
bandgheradiationpatternsegardingthe beamwidth andthe
sidelobelevel areoftenaffectedsignificantlyby neighboring
antennasindespeciallyby the shapeof the platform.

In the past,modelingof sucheffectsrelied on measurement
data,sincethe proximity of the interferingradiatorsandthe
presencef complex scatterergsuchasthe platformsthem-
seles)within thenearfield of those prohibitsthe useof Friis
formula for the straightforward computationof interference
power levels [3]. Furthermorehigh performancephasedar
raysaremostlydesignedor freespaceapplicationsor anop-
erationabove perfectconductinggroundandin addition,for
mary full wave techniquespproximationandassumptions,
e.g. inappropriateboundaryconditions,may apply. For ex-

ample,the methodof moments(MoM) [4, 5] is limited by
findinga Greensfunctionfor the specificproblem.As acon-
sequencemostof the full wave techniquesannotprovide a
solutionto the entire problemandare highly inefficient and
erroneousn this case.Neverthelessthe advancesin differ-
ential methodsfor computationaklectromagneticsand the
exploitationof parallelizationtechniqgueshave madepossible
the full-wave simulationof comple large-scalesystemsn-
cludingmultiple platforms.

In this work, we focus on the characterizatiorof the cross-
talk betweemutuallycoupledantennasndstudyintensiely
theimpactof vehicularplatformson the radiationpatternby
applyinga hybrid MoM/FDTD method.A shortoverview of
the conceptof the utilized hybrid techniqueis givenin sec-
tion Il. As anexample theradiationpatternof awire antenna
structureonaHummervehicleis characterizedndthe effect
of the platform is discussedFinally, the path loss between
monopoleantennasnountedon the backof threecollocated
Hummervehiclesis determinecandtheinterferencepatterns
in acrosssectionthroughthevehiclesarevisualized.

Il. CONCEPT OF THE HYBRID METHOD

Basedon two antennasnountedon a vehicle as shown in
Fig. 1, the conceptof the hybrid MoM/FDTD technique[6]
isillustrated. Accordingto Fig. 1, theentirestructureis par
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Figure 1: Decompositionof the original probleminto sub-
geometriesnodeledby MoM andFDTD.

titioned into sub-domainsn orderto solve them separately
with eitherMoM [5] or FDTD [7]. In this problem,the an-
tennasrealizedeitheraswire networks or printedstructures
andthe vehicleastheplatformaresolvedwith theMoM and
FDTD method respectiely. To invoke the Schelkunof prin-
ciple [6], Huygenssurfacesare placedaroundthe antennas.
Threecoupledequivalentproblemsareestablishedvherethe



antennasremodeledby theMoM andthevehiclerepresent-
ing afully 3D objectwith the FDTD method.The solutionin
thetwo sub-domaings equivalentto theoriginal electromag-
neticprobleminsidethe enclosureof S; andS, andsolution
excluding the enclosure®f the antennags equivalentto the
original problemoutsideof S; andS> asshowvnin Figurel.
To achieve a vanishingfield outsidethe boundariesglectric
andmagneticsurfacecurrentsJ; and M, haveto beimposed
on S; andS,, whereJ;, = n x HandM, = E x n and
vice versa.Becausehefieldsonthe Huygenssurfacesof the
originalelectromagnetiproblemarenotavailableandabrute
solutionof the coupledsystemis impossible aniterative pro-
cedureis appliedto approaclthe original field valuesin the
entiredomain.

For a performanceevaluation of the hybrid MoM/FDTD
method,a 3m long dipole antennainclined 21.8 degreesto
theverticalwasanalyzecht 50MHz in freespaceasanexam-
ple.Fig. 2 shavs the Huygens’surfacesenclosingthe dipole
antennawhich is embeddedn a FDTD grid with a cell size
of 0.3m. A gapsourcein the centerexcitesthe dipole with

Figure 2: Hybrid approachfor a half-wavelengthdipole -
electricfield is obsenedat sevenpoints.

1V andthe currentdistribution in the wire is approximated
with 12 rooftop functionsin the MoM. The electricfield is

obseredat seven grid pointsaccordingto Fig. 2 andthere-

sults obtainedwith the hybrid methodare comparedto the

pureMoM data.Themagnitudeandthe phasdor bothmeth-

odsareshavnin Fig. 3and4. It hasproventhatthe hybrid

methodandthe pureMoM arein goodagreemenandthatan

errorin magnitudeandphaseof lessthan2.2% and6.5% is

achievedin the nearfield of the dipolefor a cell sizeof \/20,

respectiely. As a consequencehe excitation of the FDTD

domainwith equialentsurface currentson the boundaries
leadsto a very accuratemagefor thefield distributionin the

nearfield.
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Figure3: Magnitudeof theelectricfield at sevenobsenation
pointsin the nearfield zone(Fig. 2).
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Figure 4: Phaseof the electric field at seven obsenation
pointsin the nearfield zone.(Fig. 2).

1. RADIATION PATTERNS OF ANTENNAS ON VEHICLES

In thissection theradiationpatternof anantennanountedon
amilitary vehiclewasmodeledwith the hybrid MoM/FDTD
technique Accordingto Fig. 5 the antennais locatedon the
roof of a Hummervehicle andis representedby equivalent
surfacecurrentsin the FDTD method.The enclosuranclud-
ing the boundarysurfacesareindicatedin Fig. 5 asa box on
top of the vehicle. In this case the radiationdiagramof a
monopoleinclined 21.8 degreesto the vertical is analyzed.
The monopoleundersuchan angle cannotbe modeledeffi-
ciently with a pureFDTD approactunlessthegrid is locally
refinedin the region aroundthe antennaHowever, subgrid-
ding schemesn FDTD arewell known for instabilitiesand
reflectionscausecdht the boundariesf a high refinemenfac-
tor is applied.In additionto numericalproblemsandlossin
sensitvity thesetechniquesespeciallysuffer from an enor
mousincreasein computationakffort. Sincethe antennas
placedon theroof of the vehicle,which is assumedisa per
fectly conductingsurface,the image principle hasto be ap-
plied in the MoM to obtainzerotangentialelectricfields on
the groundsurface.Fig. 6 shovs the antennastructuresimu-



insidethe subdomainHowever, areaswith a higherscattered
field concentratattheedgeof theHuygens'surfacebecause
the conductinggroundsurface- the roof of the vehicle- is
truncatedin the FDTD simulationandis assumedo be in-
finite in the MoM simulation. Consequentlya fast corver
genceis achiezed and only a few iterationsare requiredin
thehybrid proceduresincethe currentdistributionin thewire
is not affectedby the small backscatterefield. Further the
effect of the slantedantenneon the roof of the Hummercan
be obseredclearly. A strongmagneticfield in the nearfield
zonearoundthe monopoleforms two beamsunderan angle
of around45 degreego thehorizontal.Fig. 8 andFig. 9 shov
the far field (Eg) of the slantedmonopolemountedon the
Hummervehiclein the E- andH-plane.Comparedo a verti-
calmonopoleoveranelectricconductingsurfacetheantenna
alsoradiatesvertically and a fluctuationof lessthan6dB is
obsenedboth in the E- and H-planeso that this configura-
tion almostrepresents quasihomogenousourcedueto the
electromagnetimterferencewith thevehicle.

Figure5: Antennareplacedby Huygens'surfaces.

latedwith theMoM method. Theequialentsurfacecurrents

MoM ; FDTD
|

0dB
Figure6: Slantedmonopoleantennanodeledwith MoM.
Figure8: Radiationpattern(E-plane).
arecalculatedbntheboundarieéndicatedby thedashedines
in Fig. 6 at 50MHz. A grid size of A/120 was chosenfor
the subsequenEDTD simulationso thatall electricallyim- P
portantdetailsof the Hummervehiclecanbe takeninto ac- C
countin the mesh.The magnitudeof the magneticfield nor-
mal to the crosssectionis depictedin Fig. 7 after oneitera-
tion. Insidethe subdomairenclosingthe slantedmonopole,

Figure9: Radiationpattern(H-plane).

IV. PATH LOSS BETWEEN COLLOCATED VEHICLES
Figure7: Magnitudeof normalmagnetidield.
In the previous section,the impactof single vehicularplat-
onlythescatteredield is presentvhereaghetotalfieldiscal-  form ontheradiationpatternwasstudied.In a secondexam-
culatedeverywhereelse.Fig. 7 shavs a smallscatteredield  ple, the pathlossbetweentwo antenna®n collocatedHum-



mervehiclesarecalculatedaccordingo Fig. 10. In this case,
the recevving antennais placedin the nearfield zoneof the
otherantennawhich requiresarigoroushybrid full wave ap-
proach.The electromagneti@analysiscansolve crosstalk is-
sueshetweentwo antennasywhich maycorrupttherecever’s
performancef the power level of the parasiticsignal at the
input stageexceedsthe critical threshold.Especially prob-
lemsareencounteredvith the codedivision multiple access
(CDMA) technologywhere all transmittersoperateat the
samefrequeng. As a consequence recevver canbe easily
affectedby a signaltransmittedby a collocatedvehicleand
candrive the amplifierinto saturation. In this casethe path

Figure10: Co-siteinterferencescenario.

lossbetweerthemonopoleantennasnthe backof theHum-
mer vehicleswas determined.For the two vehiclesfacing
eachother, a pathlossof 10.3dB wasobtainedwhereagshe
pathlossbetweerthetwo vehiclesplaceddiagonals 23.7dB.
Resonancesausea high attenuatiorbetweerthesetwo vehi-
cles,which over 10dB lessthanexpectedwith the Friis for-
mula asa roughapproximation.The normalelectricfield in
a crosssectionthroughthe antennamountis shavn in Fig.
11. This diagramillustratesresonance the scenaricand

Figure11: Magnitudeof normalelectricfield.

givesa betterunderstandin@f the surprisingresults.To this
end,the simulationof the antennancluding the platformis

importantfor a predictionof the power levelsin therecevers
units.

V. CONCLUSION

In thispaperahybrid MoM/FDTD methodwasappliedto an-
tennasystemson vehicularplatforms.A wire antennastruc-
ture on a vehiclehasbeenchoserfor afeasibility studyand
hasshavn thepotentialof suchahybridtechniqueThistech-
niguecombines powerful full-wavemethodn thefrequeny
domainwith ahighly flexible methodn thetime-domainThe
methodof momentscanaccuratelymodelarbitrarywire an-
tennastructuresor printedlarge-scalgphasedarrayswhereas
the FDTD methodis predestinatedo analyzethe influence
of the platform or scattererswhich are usually very com-
plex three-dimensionabbjects.To this end,the hybrid full-
wave approacldeliversinsightinto the performancef multi-
antennasystemsand provides an efficient and highly accu-
ratetechniquéeor a performancevaluationanddesignof ra-
dio systemsFurther the applicationof MPI techniqueswill
also enablea fastoptimizationof printedlarge phase-array
antennasystemsindertheinfluenceof mobile platforms.
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