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J\BSTIÌACT

.Ihis thesis ctescribes a netirod" of isolatlng a single

fau-.Lt ln an acLj-ve netr,;ork nhere onl-y the inpu.t and or-rtput

terruinal-s are avail-abie f or test Lreasu-renents.

The method reLies orr the rneasu.rer¡ent ano analysis of

the coefflclents; of the networlc transfer function"

The signiflcance of thls qolution 1s th¿rt il all-olts

dii:ect computal"ion of' the faul-t insteac'1- of' he.v-lng to choose

f rom a set, of preconi>uted faults" The cora¡.ru-ta.tions per se

avoio the pitfalls of symbollc'vTa.ns;fer fu-nctions and

pole -zero 
"¿ 

1sy.]:;"tion s o
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CHhPT'EI? I

II,JT iiODiJC.I]IO}J

I. N¡f UiiE O¡ -PiìObLEi,f

The inalntenailce of electronic syste[-s ha.s lonp; been

the oomain of tecnni cians t;hosê procectu::e relles upon

a,¡:cu,nu.lated expei:ience l'¡ith a partici.tl¿,r type of ecluipnent.

Unf ortunaleLy, a. collsequence of the presrent trend of

a.ccel-erated obsolesceTrce is Lhat exoerlence br:conies

more dlf f icrrlt to acclulre.

The tinie honored technique of probing a netl'rork f o::

si6nr:Is at va.rious nolnts 1s raplclly losing favor because

of hlgh packaging Censlty. It is at, best ted.lous to probe

a prlntecl circuil and virtually inposslble to probe ã.n

lntegratetl circuit.

Thls investlgaticn 1s partlcularl;. reLevant to the

problem of d iagncs-Lnf! a fau.It, in rass proCuced 'intc¡;ra.ted.

circuits It] ahere a Iarge :;ortion of tne rret,¡.¡ork is

lnaccessible. Unl-ike i.n cì-i.screte iir:Luorks, the cietection

of a. fau,l-i in an inte6r':itec circi;.it','¡oulcl rne¡,rn reject.ion;

ho',.rever, the inf orne-tion regarcilng the eleneni et farrlt

v¡or.iL"rl. serve a-s the basi s f or red-esignlng the :rel,'¡;ori< end/or

the a sse:nbl.¡ llne

The use of erira ¡esL terninaLs is un,iesirabie beca.use

sLray ca.ctLcitance iloul-o oe intrccuceo, 'y;nich t,;ould be

ob jecti-onabl-e ln fest response aetlçcris,
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It 1s therefore necessa.ry to C.evlse ner,; fau-l-t lsol-abion

techniques rvhich do noL dena.nd acces;s bo very nany interi-or
points ln à networko

II " DE.tj'Ii!I'I'IOii 0¡' 'rhr Ptì0tsL¡14

Consider a linearo lunped, tiine-lnvariant netv¡or'lr for

which only the inpu.t and outpuL termlnals are avaitable lor

test measìureilents " Given the nei''rork =:rz.ph, the noini.na.I

value of every ele¡oent, an'-'. t.he occrr.rrence of at rnost a single

fault u the pr:oblem 1s to lclenLif y the fault.¡, elenent ancì its
approxlnate va.lue.

In orrle:: to simpl-lfy the presentatlon, the genera.l

nefwor]ç i^r-1.II be conslcìered to be a tl;o-porl'neLiiork.

Catastrophic faul-ts (i. e. sho::t-ci-r'cr,rits ancl open-circuits )

t^¡hich prevent ineasur'enent at either port, will be ignorecì..

III. üliVIit!; 0.b' F:;CVIüUS irChli

Sesiru ancl !,,'aïnan lZ] have gJ.ven a solution to the

problen of anaLyzrng the var:iations in magnliude of tÌre

netlrork tran*.ìfeli function" The basls of their prececiure

ls that a change j.n orle of the netr¡ork elernen'¿s must cha.nge

the position of the bre=.< frecìue¡rcies and./çr the value of

the constant nultiplier (1.e. ln the -qense of rhe Bocìe plot).

The net',rork is described by :leasi;-rlng thê rlagnitud-e

of 1,he transfer function be-,.1;een anci around each of ihe

norninal breaìt f reo rlencies. The neí1 sureírents aîe cLtatii l-zeð-
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(1"e, the aeasureaents are truncated. to an lntegral number

of dB. ) and- the ordered. set of -such aeasu-reinents ls catled

a frequency slgnature ln thls thesls"

A fault d.lctlonary 1s precom.puted by computing the

frequ-ency slgnature for each quantum varlatlon of every

e1ement1nthenetwork.Byhavin.¿acomputernratcha
measured frequency slgnature to a precomputed. frequency

slgnatureu a fault nay be ldentifled.

Prellminary computatlon ln thls method. lnvolves symbollc

transfer functlon and pole-zero computatlons r¿hlch restrict

the size of networks that can be considered, The motivation

for another solutlon was to circumvent the above clfflcult

conpu-tatlons ln order to conslder Latger networks.

IV. PROPOSED PROCBDURE

In thls thesls, a novel approach was ¡¿þe:fi by a.ssoclatlng

the varlation of a network eleneni vslth the varla.tion of the

coefficlents of the netn-ork transfer functlon. The ordered

set of values of these coefflclents wlll- be calle<i a

coefflclent-slgnature vector.

In the following chapier a. method ls oeveloped whlch uses

the coefficient-signatu-re vector of a network to ldentlfy a

fault to wlthln a proper subset of the set of all network

elementso An exanple ls ctted to denonstrate that the subset

of elenents whlch are suspecteC of being at fault can be

reduced to one eleraent ln some cases"

The problem may be red.uced to tr¡o parts: the measurenent
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and the analysls of the coefflclurrt-"ìgnature vector, The

flrst problem lnvolves estinatlng the coefflctents of the

transfer f '-inctlon v¡here the type and order of the transfer

functlon are knolvn, a priorl. Slgnal levels are assu¡ned to

be large enough so tnat nolse causes no difficulty, but

estimates are stitl hanpered by neasurenent error and.

numerleal error ln cornputatLon" This problem 1s beyond the

scope of thls thesls and v;ill not be constdered here;

holvever, J. E. Valstar [:] has d-one a very thorough survey

of thls measurement problem and should be consulted for
the details. '

The body of this thesls consld,ers the second problem

which 1s the analysls of the coefflclent-signature vector

ln order to ldenNlfy a netv¡ork fault"



CILAPTER IT.

COEFFIC IENT-S I G}TATUBE }iETHOD

I.

Coe_f{l clent prop*ertleq

Consid.er the voltage

netÌrork 1n Flgure 1 to be

FOB}IAL DEVELOPi{EIII

transfer functlon

v;¡1tten:

of the two-port

(1)

n
I. t**1*¡ sn- J

v
2

v1 m

t "1 =t-l
1=0

Slnce the netr,¡ork transfer functlon 1s unlque wlth regarci to

derlvatlon, assume equatlon (1) to be d.erlved fron the

topologlcal admlttance for¡au1a1.

2

+

uz

F1-gure 1o Two-port network

rTopologlcal nolatlons and d.efinltlons r¡Iere ad.opted. from [,u].
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Tl'ris d-e::l.vaLio,r ciepenos; on the exis:tence of t,he

adniLtance n¿rtrix. 'Ihe ass;uniptio¡l that the acrrLi t,'ce.nce

ma.trix exists thus prohlbiis; a.l1 dependent volt::.ge

gei'leye.Lors (i.e" unless the;,' are conr¡erLeC into crl:i:rent

Benerators by the u.se of iùortcn I s theorem ) ; even cutrent

Berjerators t,hat oepenC- on currents carl l-;e adrirlttecl orl)¡

1f the governing clrlrenù is ân elenent rr'itlr a. fini'¿e

aa:nltLance. An e>:a.irpIe of a. prohibited net*ork r¡oulc be

a. netllork conta ini-ng an ldeaI tr'¿rnsf orrer.
As a conseoi).enc.e of the asstiinpti ot LnzL at nosi Et

sing,Ie fault h¿rs occur'recì, the coef f lcien'bs of equ-artlon

( 1) aTe Iinearly rel:,rt ec1 to e¿cÌl netr.,ork eLe:ient ¡rhere

clie netr,;ork contains no iiiu.Lual incluctance. This may be

seen lrol:e cIer:.rly 1f the topol-o.glcaI f'or'nLula for tne

transfer f"rnction is examined:

A I2
r7

2

;
7

A
1J

€-+

(2)

lvhere

^ 77

, ..l+i r(-rJ L- €.
u

[i , t'Ì(ccr.clete 2-t¡ee l, ILJrrlaIl- conplete 2-trees

2-lree cl:ocìuc t .

procuct )

slgn of coripJ.ete

and f = fefefei-rce locie

!'irst c'oserve ru'n?L if €rÌâiion (1) is id_eniif iec¡. .;;ith

equation (2), tner every i:err in ecliaLlon (1) is €: su:lì of

conolete 2-Lree procÌucts ¡ii ùh a. coíiri:lon úovier of s . The

next ^uoint lc rrote is'r,Lrat b;¡ cle:íinition of a con¡>ieie

Z-Lyee. procuct, every br:Lnch ¿ôtiL-t ance in th¿t 1:roCncb is



a fa.ctor of nu-ltioilcity one n Cons;eiu-enù1y tvery netr¡;ork

eleinent 1n a conpì-ete Z-tree produ-ct 1s al-.,o a f'actor of

ror-rltipIlcit.v one, Thus the reIatJ-on l¡eLt^¡een a coef f icient

a. anò. soiûe particula-r elernenL e nay be r^¡ritten;

a = í"+þ 3)t-
t

r^¡here c( and Å are rea l. constent.s anC e is a. real
t-

-¡arlable wlth the clir:ension of concluctâì1ce, reciprocal

ind,.rct:rnc e, or cãcaci tance.

Equa:ion (3) ma,\, l¡e norr¡a.ILzed by expres.sl-ng ihe

varlabl-e e as:

e = €ox O/-x (4)

lvhere eo ls the noninal- valu.e cf e and x ls a. posltive real

dirnensior^rless; variabl-e. The norr:ralized f orm of' eqr"ra.tion

(3) ma,y be writLen as:

a = 4x+p (5)

Ilqua,.tion ( 1) is noi^r- l.;ritten irr stani.ard f orr and as

a result the reLationsìrip 'oet'v;ee n e coef f icient a ..,yi(\ a

nornal\z,ed elenenL x 1s the bitinear forn:

^ {x +p
A=- Yx +of

r,;here 4 , ß , ì, anl ¿f are all real constanis"r
The bilinear relattonshl-p cf ecuation (o) reo-uire-s

only thr=ee constanis to d.es:cribe it and for ccmputational

(6)

Þ;rrÐoses ltlll- be expressed- as:

"1 
x + 1

c x+c2)
(7)
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In orrle:' to cleterrnlne the three constants c¡ g c^ ancl
L¿

e,>c th::ee eqr.).atlons may be clerived from equa.tioi'r (6) by)'
settlng x eqr;al to zero, or'le ancl inf inity ( i . e. the elernent

e is open-ci::culterl, seL to nonrinal value anð. short-circu.iÌ;eo).

To recapitula-ie the assurapLlon that at urost a single

faul-t lra.s occu::recl lm..ol1es a general reI¿,tionshlp i-:etrr:een

the coeff icients of the ste.n.,rard voltage tr¿.¡:sfe:: fuirction

at-rcL a pari.icrrlar vlormalïzed netl,ork eIerr,en1,. The a.r'ray c-rf

nt+n+1 coef f icients j--s ordered e.s; seen iir equa.Lior. ( 1) ancl

1s callecl Lhe coefficienL-sl6naiure vector, A" The kth

coefficient functioÌt, F,. (x), rel¿ites ihe coefficient-
i\ thslgnature vector to a scåIar varlable x v;hich ls tlre l{

norrnalizecl elernent. The al¡ove relation-ship rra-v be express;ed

ça.

Fu (x)

¡ I --L , t- \À
J r¡t

(B)

OT

A

J¡l
J' o .,: r. rl
v!r g¡:u

).

proof

l.;hi. ch

^, ^^+Õ. ¡- u

i

n

ó

n

c

f^rJ

Lt ,,u t*'J =

p net",,¡rk elene

pe ir-r equ.ai,ion (

s staLed r.;ithout

(E) is a functj.o

re¡; l nt.r-nbels irr'r,

rê

ty

i

)lT^ -l

L- l_i

c.
.lrI

x+ 1

x+c

the re p reiati cnsir i irs

Lltzt the relationship of

fla]ls uhe set of non-

of n-iu:¡ ters 1n .a oiie-to-cne

I
I

i'3-l
fo reThere a

of the

IT

eo- u¿zt I on

negal,i'r:

:t0i. :i ni-: r "
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IA-ç¿t i-l rss¿1" o¿ 
-plq- 

qe q B-re

Tn this section it is assuined thal, an eNact coef f icient-

signature vector ca.n be obta.ined f rout ldcal me.ls:ure&ents"

Glveir an accurate coeff lcienf-signature. vector s àyt

eltnin¿lilon pl:ocecl,rlre is lnitiatecl vthlch el-inin¿it,es those

netlçork el-e.nents lvhose virrlation c.;uIrì not possibty .l,ield-

the glven vectoï " the reinaining neLwork el-enents constitute

a set of possible f aul-Ls.

The napping; clescribed mày be r'¡ritLen in set notation

@ù¡

ß)F. : R-S.
11 l\

where -ti the set of non-nega.tll'e::eaÌ nunbers

ancl s = {lrlA - r¡,,(x), O¿xl-lt L I k
At this ¡;o1nt it seeit-s that the conpleLe rn¿:.t'ne:nr,tïcal

mooel of tne problen cafl be pre-sentecl rnost iucioly by

drart ing :rttentlon to bne pictorial- re.cresenLa.t,ion in

Flgure 2,

A genera.I characteristic of this nocel ls that Lhe

lntersection ol aII the proper subsets, Sn to S.-, contalnI p',

only one n*tui:Ie - the no¡ninai coefflcienL-signa-ture vector"

On the other ha.nd, int,ersecti ons bet¡reen ^olropÈtl subsets

occu.r as a resuLt of such s-i:ecia.} casesì as p:.raIieI

reis;tors oí' otnerr ÞossibI.1, Iess t¡ivial-, cases; Lrl€

vari¿rtion of one eleirrent or aûoi-her ls incistinguishable

in the cce f f ici::rts of the tr.'rsf er f uncrion,
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Flgure 2n Mathenatical nod.el of problem
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The principle of 1-dentj-fi.cati-on foliov;s nnturaìIy

florn the abor¡e rnathernatica-I model ¡ if a. gitren coef f l-cient.

uignalule vector can be mapped into tlie set R' bhen the

element e, corres,oondltrg to tìrat ma¡;ping i..s a pos$ible
K

faulto A possi'ole fau-It becomes the one and onl.y fault for

the ca.se of a u.nic¡ue coef f ic ient-signatu-re vcclor (l 
" e.

the given coefficieilr.-slgnal,ure vecl,or cloes not occur in

a.ny lntersecti- on ) .

The identification procedure simply involves checklng

to deternine '¡rhich f unctlon o l'U (x ) , tirat a given

coef f icj.ent-si-gnertur:e vector, A, v¡iII satisfy r a,ncl the

ruLes f or checliln¡¡ are 3

åul-q l-.. Eli-minr.t.te elernent en unJ-ess ee.ch

constant f unctiotr entry 1n F,- (x ) 1s eclttal Lo the-K

coliltespondlng entry in /'"

RBle--?.: Elininate eiement "k unless ee.ch non-

constant f unctlon entry ivl !'. (x) :ra.s'a solu.Lion-K
for x which 1s non-nefieLive. This follot'¡s

f rom eo.ual I on ( l+ ) .

FÈI-g--l:- EIimin:ite elealent e. unle-*s ever'y non-

ccnsLant f unc-r,ioir entry in F, (r ) ha.s icienti cal-
K

-sol-uticns íor x" ?his follo';;s ír.cn'uhe

a.ssunption of e. single .faul-t 
"

At this point en exainpì-e 'is €{rven to cLer\fy the

proceC,ure:
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,z
C

1̂

G1=1mho GZ =10mhos C3= 10f. C4

Flgure 3" Example netu¡ork

The nomlnal network ln Flgure I ls glven

a coefflclent-slgnature vector A:
rnA' = Þz/Zt 20/27

The problem is to determine whlch

ls faulty and what ls the approxlmate

element.

vz 
=

2/?

netv¡ork.

va-Iue of

1f! L.

along wlth

! trot
glemen'r"

1-]naL

The flrst sfep ls to generate the coefflclent functlons
whose orlgln ls best understood- by flrst d-erlving a

synbollc transfer functlon ¡

a2s + a?
¿

(11)
vt aos + e1
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cl G1)s+

"3o"4 
,3o"4

G +Gt2s+
"3n "u

The coefficlent funetlons may no¡v be written as:

,,'{*) = |'ru, ,*-- -Tf _ 

-|,,,,

L 3 -% %.r; t, .%i
= I *n1o 10 x IL --rT- rr ï1 J

T. fcz* 
* G1 "3 o, IF-(x) = l---_ ltr:l2 lc, r c,, c- + c, c + c, I

L) -4 -i -u '3'-4J

= ftox+1 10 1 1L---Tn- îî Tr l
T [*t +G^ c^x Gr IF- (x) = I '- *".: -1* - - 1 :ltr+l) 

Lt3* 
* ",0 Qrx + "4 tl* o t+-l

= [_tr -__lox 1 I :

LTõx;-T TË+T iõ-"îl

r.r(*) = [i' ._l: 
"3 *_ L_-l,rl'4 \^/ 

l.-- " ., cr- -V; 1* . %l

= [ 11 10 r I
L x +-1-o -x_-+ to x T-iõJ

Noi.r the glven coefflclent-signature vector 1-s compared

wlth each coefficlent functlon ln turn and the previously

described rules of el-lmlnation are appl1ed.,
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Irletworlt eiements G, anci G, a-Te both e-l itnin¿,Lecì f roru

cons;idera-tion because the frrst rule is not. set¡-sfi-ed;

the c.onsta-nL entry Ln the coefficient funcLlon is not

equal to the correr-iponclinS entry ln the coefficient-

signature vector. lileti"¡ork eleirient 
"3 

is elimina.ted

because the tl-rird rule.is not satisfieC; the solutions

f or x are not idenilca.l "

The renainingi netitor]< elenent'CU, sa.tlsfied aIl

three r'ules and 1s clea::I;"the farilt. The sclution of

X = O.J neans that the fault l-s 5O'i" of no¡litral value.

The coefficlent function*s fiere 6eneratec d.irecfì-y

frcm a syrnbolic tr'a-nsfer functlon for r^impll-city 1n this

exarnple, bu.1, in practice the syrnbolic transf-er function 1s

avolded-. The oararneters oi each biiincar funcLion may be

obtained f ron å. set of th::ee eqlta.tioirs whlch are f orled. by

setting x equal to z,ero, one arn$ lnfinit¡r (1"e. t'he net'¡icrk

elenent is oÐe11-circuitecì, set 1,o nonin¿rI v¿ilue ancì. snort..

circultecì. ) . The method. of getieratlng the tran-sf er

function in order to obLain knovçn vaiues for the coefficients,

1s arbi t,rzr:¡; holi,ever, in this thesls the state equatlon

ai;proach 1s far¡orecì f or r..t"o,r,- to be d.isccvered, 1n the

third chapcer.

II. PÊ.rGi,iATIC Sût Ui'rCi'l

i'Íodlf icatio:-l of ¡'ul es of elinìnlti-on

It;ras previcusly assuüed. that the coefficierit-

slgnature vectorr.'a-s ii:totrin exacrly; hci.;ever', in practice
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a degree of rtncer:tair:ty is aiwn;r,s invol-veci'irr cleter'mining

tire coefficient-siFlnaLui:c vector of an elect::ical- netvìori("

As ,,;.a s st,atecl in the pr:evi ous cha"pter: u it i -s a ssu-necl that

sr¡;na.1 Ievel-s l,¡1Ì1 be of sufficielt na-gnitude th¿,1. nois;e

v¡iIl- not ca,r.lse a.ny d.if f iculty in neasurenent, but tire

coeff icient-si.¡;natu::e vectorr;il-I sti.lI be corru¡ted b-v

mea surernent erro¡" , a.nd. numerical errolî 1n cornpulati cn "

fn oroer to achieve a pra¡Srnatic solutione the ernpha.sis

must be shif ted f ::o¡i clete::rnining thr: coef f icienL iu.ncti ons

tirat perforn an exact rr:ap;:ing to deterinirring the coefficient

function that c:)rnes cl-osest to an exact rna.;rping. Thus a

n"Lorlifierj. set of ruies for netv;or'k elecrent eliqiinaLion are

g.iven:

EgLg 1: Elir¡inârte elenent ok uniess eacir consta.nt

f unctl cn entry in FU (x ) conta.ins Liie corïesponiì i ng

eniry ln A r,iithin a. :ore-c;cribecl tolerance. The

tolerance is cleternineo- by the e.cc,JTz.c'Jt of

neasurenents a.ncl ihe s'tze of neti;o:li< l¡eing

cons iC e red.

¡gþ_¿j_ Elimlnate elenent .k unless eaqh non-

cons'uant f u.nction en;ry in F,, (x ) has ?. soIuL j,on

f or x ;:hich is Ìlor'ì-nege-ti¡¡e. 1ìri--q foll-o'';s f ron

set of neii;ork eieilents

tions contilin tv:o or ilcre

entriês. El-in:-na-ue '¿-LL of

eclua'Lion (lf ).

-,lg!q_-?¿: uonsicrer ihe

v¡hose coelficieni flnc

non-conslanl funcii o:r



t6

these neLrtork elernenLs except the elen:nt

rshose solutions f'oy x contain lhe mininu-rn

cieviation. In the lirnit, es the coef'f icient-
.slgna-ture vecto:l becornes e Xqct, the solutions

f or x uoulcl become ideiitic¿il-.

e,

E_gto_r_I e Ègg!_fgg

Tlre.cceff icient fu.ncrion ¡'. (:<) fs tn
K

of bilirlear fu.ncticrrs l.¡hlch tencÌ tov¡a-::ds

large valr:es of xo In the region of n.aT

sllght devi¿rtion 1n the measurect val-ue of

can cP-r15ç gl.o.ss rlevlations in the eval-u¿rb

the bhirrl rt.r-le, t;hich relies on select,lng

function';;hich exhlbits a nlnimun deviati

of x, becomes useless"

gerreral ãn a.Tray

-à zero slope for

zero slope a

a coefiicient

lons of xo Thus

the coeff icient
on'ln the solutions

Since lzirge v¿:Iues of x co:rrûsponci to ne¿rr zero

slope, the cÌif f icrrl-ty cat be all-eviatecì by er'¿:luaLing x

f or sinall val-ues , a::ci otht:r',.Ji.se corisLoering the eIE:nenL

uk to be short-circurlted. Thls s1ûrply neans tha'¿ an

elenent which 1s ne:arI¡' *snort-circrritecì cárn be consicierecl

to heve the sane elf ect as beln¿r. cor:ipLete Iy shor¡-circuitecl 
"

Seshu alrd i;a.xntan I Z ] chose to in,¡?sii¡a-ie elea.::rt

var'1:-rf,ion.s of zero to th:ree huncìreC percent of noninal

valu-e. Using Lh:-s preceoe,':t, eval-u;Lions oí x. 1n ihe

range of z.ero to tnree -;tiil 'oe consirierec; of,her.r;i-.1e, tne

eleieni i', ill be cons;-oered short-c.irouitec.
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Upon examlnatton of eouation (6; of the general

coefflclent function, 1t becomes apparent that the cholce

of element dlmenslon (1.e. adnlttance or lmpedance)

determlnes v¡hether a function be hyperbollc or straight
1lne. Since the stra.tght Ilne function wtth lts constant

slope l-s more advantageous, that dlmenslon u¡hlch maxlmizes

the number of stralght llne functions should be chosen.

IÏT. EXAJ'iPLE

1o demonsLyeLe the feaslbillty of locatlng a single

fault ln an actlve network by means of the coefftclent-
signature methode consider the nomlnal network ln Flgure 4.

v2

Gy=Gr=G3=Gþ=1-0-3rnho C 
5=Q 6=1OOQpf .

Flgure 4. Example network
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A cornpu.Ler 1s u,sed to geirer:a-te the cocfj'icl-eirls of the

stanciard volta-ge tre.nsfer f unction for thlee cìifferent

vaLues of the eleinent G, lihere all the other elerrents a.Te

held at their nomin¿l value such Lha.L thr'ee ecluations result:

a, (x=0 )

a, (x=1)

thl s râIf Il::J', aII

(1e)

(zo)

(zr¡

(22)

the coefficient' f:rnctions

"Lr)

"rr, " 't

"t,,
2"rrr

c 1aLi)

1

a, (x=2 )

t\ote that ln eclua.tion (Zt¡, x 1s set ecu.al- to t-.;;o

v¡herees 1n previc¡us pzrrts of this thesis 1t r1rìs set equal

to inf inity. the reason f or thi s cì'r,,:nge i s that coill-;uLers

aTe li¡ritei to f ini te nr,tbi:ïs.

Equations (tl), (ZO¡ an¡l (Zt¡ are -solveC for the

unknor^¡n constants and. the b1-Ìineär f,-lnction 1s no','J

collriletely iesc:ribed a-s ¡

6(x+2 ) 10,(x) =

này t)

f
1' 11

P roc eed i

e Iisteci
T

r- (x)
1

'f
n, (x )

T
F^(x)
)
T

rU (x 
)_

(x + 2)70

(x + Z)to

6-,-(l)10 :5,¿

(x + 2)t0

lnn'J

AS

t

t

t

t

12(x -f 1)fO

1.2(x + 1)1c

72¿-
(2 )10 Jr,,

Qx) rotz

L2
-(x)10

1)t
--Lu -)¡b

-(x) rcrz

,.LOL?:5i;

l

l

l

l

(23)

(24)

(zs)

(zo)



TF5(x) =

T
F5(x) =

Notlce that

keeping trlth the

c r.-nstant entry I s
+

Lof - 5i6.

.A

l¡_a z ) lol
x
-/ ñ(x + 2)I0

øJ9y
-ð.

Q)rc72

2A

(27 )-totz 1ul
x

the coeffic
first rule

as srocla tei

LZj
-1aì I*:.:*-_ I (28)xl

ient f ',rnctlons are nodif ied in
o1 elinnlnation such thzt each

r^;lth the. prescriber-l tolerance

The elirnination procedur.e 1s initlated b;'coLll,oe.ring the

.re¿-:-sured- coef f ic,ient-signa.1.u,re vector in ecluatl^on (i? ) r,: j.th

each of the coeff icienL funcLions in eo-uaLions (Zj) to (ZB¡ 
"

Elerient" GZ o G3 ,:nd GU are el-irninatea beca.use the f irsrt
r.uIe i-s ¡rot sat,i-sfi.ec; trre e¡rtries ln the iriea.su_red oceff'1ci_ent-

.signiture vecLor c.orrespcncì.ing to the cons'r,anb entries in the

coef'ficlent function do nct fall ir'ithln the Drescribecl

tolerance.

i'he seconrì rule does not eli,¡1n:.te eny eler:ents; ¿iIl

the sclrrtions lor x are non-negative.

The cli f f erence betiçeen tþe rnaxirû.ìln and the :llnlnuro

solution-s for x in F"(x), ¡'-(x) zrnd..F',(:i) are 0.9, 0.1 :,nd15b
0.08, resi)ectively. Thus ¡uIe three elLurina.te.s ele.rents Gt

É;.ncl C." The reraaining erellenL Ç. is tire f ault , viz. the) -6

fault tl]a'" i{rìs assurect at the beginning cf tnis exauirle.

Tl^re âí;.Ðt'o]-i-:n:.:'ue value of the fa:lt is iaken ar.s tnc j:r=fl.

va:.lp¿ of tìre -.;oiu-uions for x in tnc coefficient funcLion

F,(x), a:i is not signif icant,iy dj-ffereni; í:ron tìre assiì¡red
o

valuecfx=0,5,



Ci{,iiP'I ¡:1.ì III

DISCLTbSIOì ir.ìiÌD CO-rC¡úS-Ci'l

ilaving cieruo¡rst raLe.d the fea.sibilit,y of the coef f iclen-t -

signatu.re method, a. coßpari so¡r shoulcì" be dra.i^;n to cieter:rni ne

uha-t f eatures leco:rimend thls pa¡.rticul-ar method. t'he

compa.rison 1s be¿:;un b)' f ir'st exa.mlnin¡4 F'lgur'e J and I'igu.re

6 which epltomize the ccmputa tiona.l steps f or the f reciuency*

signatu.re netlrcrC and the coefíicient-sig:nature nlettiocl .

The propo-sed proceclure avoids the difficui-Ity cf having

to conpute a symb-rl 1c ira.nsfer functlo¡r nhich requi::es the

Iisting of 2-trees. ilven f or a nediutn sizeC netl'¡o::k (" "g "

20 ed6es ancl 7 nod-es) the required. Iist of 2-tr:ess corid.

heav i ly tax Lhe metìory of e. Ia::,¡;e c cm.Þuie r , anrl c cn.s eq uent ly

a severe restr:iction 1s pla.ced on the slze of net¡;ork tha.t

ßâ.y be consi.dered b¡' tile frequercy-si5;narure nethod,.

The stand¡rd voltage transfer futrction tn.this thesis

ls derivecl froir: the state eouatlr:t-:s insteaci of tol,clcslcal-

f o::nulasn but couicl have beei Cerived f ron e.ny of a nunbe::

of types cf netl.;ork equaiions. The choice of the s;tate

equations'"ças lnfluenceci by the eese v;ith v;hich tne;v lencl

thenselves to conputer prograrning [5], and by their

flexlbiì-iLy 1n treinpj usecl for alterna-te forrns of analylsl-s

( e. g. tine re--"oo¡ls,;e ) .
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Flgure 5. FIow dlagram of the frequenc¿r-slgnature
procedLlr€ o

Flor-¡ d.iagrarn of the coeff lclent-signature
procedure 

"

i3y means of a ratlonaL s;vnirolic
Lransfer funciiono precom;oute :
( I ) Nonlna} break freouencies
(2) Frequency-signatu-re for a-II

aults of interest,

i4easure frequency slgnature,

iatch rneasnred frequency signatu::e
o precomputed frequency slgnat.u::e

in order to ld.entify the fanl-t

By means oÍ' a f"ãt,Lonal rransfer
functions derlved from state
equatlons, preconpute the
coefflcient functlon constants

Use measurenent data 1n solving
z set of llnear equatlons to
determlne the coefflcieni-
slgnature vector,

Use elinlnation procedure to
identify the fault,

Flgure 6.
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Another desi: a.bIe f e¿;,tu.r'e of ti'ie coef f icient-signa.tu.r..e

methoclo 1s Lhat l,he coinpul-aticn of the nomina.l poles and

zeros is ¿rvo1ded" In the freotrency-signa:Lure nethod, the

?c?1J-Ta'l'€ .search f or a La.rge nuniber of' pol-es a.nrì zeros (e.g.

ten or rÌìore ) requ.iTe.s a large investalent in cor-ou-te.t1on

time ano f ur'ther prohi bits the size of net,irorK th¿rt may

be con,siderecl"

The n¿rthena-ticai- rioCel used by 1,he coefficient-si¡;na.tu.re

method requi res less inf o::naLion to be precoülputccl and

stored in meilory in orcÌeL: to icientif ;' a fa-uIl.
f n the coef f icient-si ¡na-l,ure ntethod Lhere âre p

coefflcient funcLions eech of vrhich contalns at àrrày of

m+n+1" bil-inear funcl,lons. ilach bltlneaï functlon neeis

three constant.s to be described and therefore a total of

](rn+n-ri- )o pieces of inf ornaLicn have to be ,Ðr.rcornputecl and-

sto::ed o

In the case of the f recluency slgna.Lure nef hoci, each

frec;Uency -si¿inatrrre ccniains at, le¿¡st n1-n+1 piejces i¡f

lnf o::matlon l.¡he::e rn+nt-1 ecuals the nurnber of poles plus

zeros pì.us one, bnt in practice this figure .shr,,LrJ.¿. ¡.
doubled or even tri-ol-eci in orcier to id.ent,ify a fault
with an;z accurac)/. Thel:e are ith f rec¡ueïlcy sigrra.tures

where ph er¿ual-s the nunbe:: of netrior;( eIe:cents ani- h ec.uals

the number of quant,ized sLep var.iations in a ner'rjor;{

elenent. Thus it can be seen that the f rec-ue nc:¡*signatur:e

rae'uhocì ilus¡ ol'ecoapute aiiC stcre 3ir (n+n+ f )p pi ece s
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of lnformatlon as co¡rÞared to 3(n+n+flp pfeses of lnformatlon

ln the case of the coefficlent-slgnature method,

The crltlcal factor ls h and ln the case of Seshu and

Waxman l2l a figure of flfteen (1,e, h = 3OO% / ZO% = t5)
trqas chgsen ln demonstratlng the frequency-slgnature method.

on a slnple conmon-enltter translstor anpllfler. If a

fault 1s to be accurately ld.entifled_ ln a large network,

the slze of the quantized variatlons ln element value

must be reduced to snaller variatlons whlch tn turn lncreases

the va1u.e of h. The greater the dlscrimlnatlon d.eslred-

1n 1d-entifying a fault wlth the frequency-slgnature method,

the larger the value of h must become, whereas the

coefficlent-slgnature method suffers from no such handicap.

Thus ln requirlng less lnformatton to accuratery ldentify
a fault, the coefflclent-slgnature nethod" makes rnore

efflclent use of a conputer0s memory and thls feature

becomes more slgnlflcant as the slze of networks belng

consldered beomes larger.

It must be conceded that the frequency-slgnature

method 1s slightly faster in ldentlfylng a fault. Both

methods utlllze ellmlnatlon procedures whlch are baslearly

equlvalent wlth respeci to conputatlon tlmeo Whereas

the frequency-slgnature method can use the measurement

ð.ata dlrectly 1n the elimlnation procedure, the coefficrent-
sfgnature nethod must flrst deLermine the coeffleicnt-
slgnature vector by solving a set of llnear equattons

before beglnnlng the el-lmlnat1on proced,ure.



25

It mlght be conelud-ed that the ,""Otut", signature

nethod. would be preferable for on-llne testing af a large

number of small networks" The coefficlent-signature

method would. be better suited. for testing larger networks

where the efficlent use of a computer ls more tmportanf

þlnan a fast test proced-ure.



EIJjLÏOGËÄPIiY

1" l,J" J" Stahl , J. H" !t'^aepi)à, attd C"J. SLehrnan,
"ConpuLer lilded Design: Part 13, Defining Faults
I^Jlth a Dictionary", Elgg!.Iqnl9s, Vol. 41, i\o. 2j
Janu.a:.y L!oBr pp " 64-C8

2o So Seslru. anrì R" lr'axinan'rl:auit Iscl:;tion in Ccnventi-onal
Linea.r S:/stems - A Feasibl-Iit¡' Sludy", IIeE Tra.nsact j.on
oq -jì:--lt_abiLlL¿, Vol " R-t5u }io. 1, i.ia¡r 1t6-d; pi;l-IËts-*

3" J" T. ValsLar', "Fault Iso'ì ation in Eiecrric¿I Cll cuits
Usl.ng Tr,:nsf er F'rrr:cLion I'ietil,)d.s'l , Contr¿ct i,io.
t\r'-33-6I5- 107 0

4 " S. Seshu ancr !i . i;. ll.eed , ¡i.iigj.L*Ql¿r gþf:_ q¡1È__iilqg'tl!g"Al
¿'lgtjfq{.5-L, lÌeadin¡5, iiassa.chusetts, [jns.lì. : Ào.oiscn-
äesley Pv.'oiishing Conpa.ny tnc " , 1"961

5. J. ììiI1er, "/in jippz"ai-sal of S'cz¡te Variabl.e T-'echniclììê-Srr¡
P::ojg_ed i [S:1_1" i :E_j ] n_r :iustral-ì-a r June 1) tr|


