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Abstract——Anewapproach, basalonthewaveformre-

laxation tec~lque andfastWaJshtransform,isfirstpn+

sentedfortheanalysisoflossycoupledtransmissionlines

(LCTL)witharbitraryterminalnetworks.The simula-

tionaccuracyofthenewmethodcanbegreatlyimproved,

thedisadvantagewhichalwaysexistsinpreviousmethods

[1]-[8]canbe avoidedanda considerablesavingin time

andmemoryofCPUisobtained.

INTRODUCTION

ThereCentadvanceof&As MESFETandHEMTkch-

nologyhas reducedthe singledeviceswitchingtimeto

tens of picosecondor less. The interconnectionlines

whichonceconsideredasimignificautstrayelementsnow

haveanimportantimpactonoverallsystemperformance.

Accuratesimulateof10SSYcoupledtransmidonlinesis

becomingmoreandmoreimportantinthedesignofhigh

speeddigital10’s.

Inthepastfewyears,manymethods,suchasDjordjevic

[1],Chioneet al [2],Passlacket al [3],Schutt-Aineet al

14][5],H,Grabmski[6],Chang[7]andYou[81,havebeen

developedto analyzethetim~domainresponseofLCTL,

Inallofthesemethods,FFTornumericalinversionofthe

Lapke transfcrm(ILT)mustbeusedinorderto obtain
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thetimeresponsefromfrequencydomainto timedomain.

The accuracyof the methodsdependscriticallyon the

traasformaccuracyof the reconstructionapproximation

of the complexresponse.Obviously,the FFT or ILT’s

capabilityofreconstructionoftheresponsewaveformhas

somelimit,especkdlyfortherectangularpluseimput,and

someunavoidableerrorsalwaysexist.

In this paper,a newmethod,basedonthe fast Walsh

transform,isfirstpresentedfortheanalysisofL(2TLwith

arbitraryterminations.Theaccuracyoftheapproachcan

be greatlyimprovedand the disadvantagewhichalways

existsinpreviousmethods[1]-[8]canbeavoided,

THEORY

1.hat WalshHOI’EI

Walshfunctionsformacompleteorthogonalsetofrect- m
angularwaveformstakingonlytwoamplitudeV&M+1

and-1. It isdetinedas WAL(n#,wheret is a timepe-

riodandn k anorderiignumber,Fora timeseriesf[$ it

canbeexpressedin termsofthesumofa seriesofWalsh

function,viz,
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f(t)=@wAL(o,t)+ ‘iiaflwfiq?t,t)
S=l

_~ T
/“-T o

/(t)WAL(n,t)dt

The advantageofreconstructionsof a complexwave-

formfromWalshratherthan Fourierhasbeendescribed

bySiemens[9],It maybe notedthat sincethe sineand

cosinefunctionofFFTcannotberepresentedexactlyby

a finiteof bits, then a sourceof truncationerroris in-

troduced,ThefastWalshtransform,on theotherhand,

involvesonlyadditionandsubtractionandpreciserepres-

entation ispossible,sothat thetransformitselfhasnot

errors.

Thetypicalexampleis shownin Fig.1, the diagram

showsthe effectof transformation,thresholdingandre-

constructionfor a rectangularwaveform,Thismatches

the formof the Walshfunctionand resultsin efficient

reconstructionforconsiderablylessthanFourierterms.

It is alsomentionedthat a considerablesavingin time

andmemoryofCPUcanbeobtainedbyusingfastWalsh

transform(FWT)ratherthanFFT,becausethemultipli-

cationor diviationoperationin FFT is replacedby the

addor subtractionoperationin FWTand the complex

numberoperationin FFTis replacedbytherealnumber

operationin FWT. Somecomparative figures are given in

tableI, where the data series is 1024samples.

11.TheTimeResponseCalculatedbyCouplingFastWalsh

transformwithWaveformRelaxationTechnique

Thewaveformrelaxationmethodisatechniqueforsolv-

ingsystemsofordinarydifferentialequationsbyiteration

andsystemdecomposition.It is successfullyappliedto

analyzeLCTLbyChang[7].

Inourwork,weapplythe congruencetrausformtech-

niqueform conductorsystemto obtaindecoupledlossy

transmissionlinesinterconnectionwithcongruencetrans-

formers,andcouplefast Walshtransformandwaveform

relaxationtechniqueto forma newalgorithm.Themain

procedureis similzrto Chang’s[7]exceptthe replaceof

FFTbyfastWalshtransformandthe replaceofcongru-

encetransformerbyTepolitzmatrix[15].

RESULTS

Toillustratedtheefficientofthenewmethod,consider

thecircuitofFig.2,theexampleis from[1]. Fig.3shows

the comparisonofourresultwiththat ofusingChang’s

method~].

Thetest resultshowsthat thenewmethodcangreaily

improvethe analysisaccuracyfor the rectangularpluse

imput,becauseit matchestheformoftheWalshfunction,

meanwhile,theCPUtimeandmemoryhasbeensavedby

usingfastWalshtransform.

CONCLUSION

In thispaper,wefirstpresenta newapproachto an-

alyzelossycoupledtransmissionlineswitharbitraryter-

minations,It can greatlyimprovethe analysisaccuracy

and save the time and memory of CPU.
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Table I : Some Coiiipara:.i~;e Fi.4ures
. /

Transform Times (S) StGrage

Fourier 9.48 4K

I.+aplace(M=l 1) 7.50 3K

Walsh 2.20 ~K
$
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Fig.2 The Simulation Circuit (from
O.ao

i

S012D–-NKW RESULT [
DASH–––RESUIT of T.-a~G :7: !

i

[11)

899


