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Abs  t  r ac  C

In  t h i s  pape r  l he  p rob len  o f  f au l t  d i agnos i s  i s
app roached  f r om a  t opo log i ca l  po in t  o f  v l ew  us ing
the  two  g raph  rep resen ta t i on  o f  neEworks  (  t he
c r r r r en t  g raph  and  t he  vo l t age  g raph ) .  . {  necessa ry
a n d  a l m o s t  s u f f i c i e n r  c o n d i t i o n  ! o  d i a g n o s e  m u l -
E ip l e  f au lEs  i n  ac t i ve  ne two rks  l s  de r i ved .  I n
t h i s  co r rd i t i on  che  concepc  o f  a  common  t r ee  i s
r l go rous l y  emp loyed  t o  exEend  t . he  va l i d i t y  and
u s e f u l l n e s s  o f  t o p o l o g i c a l  f a u l - t  a n a l y s i s  f o r
a c t l v e  n e t w o r k s .  B a s e d  o n  t h l s  c o n d i c i o n ,  w h i c h
depends  on l y  on  Ehe  g raph  o f  t he  ne two rk  and  no t
on  t he  e l emen t  va l ues ,  t he  cho i ce  o f  measu remenE
nodes  can  be  subscan t i a l l v  s i r np l l f i ed .

I .  INTRODUCTION

Topo log l ca l  ana l ys l s  has  p rov i ded  a  use fu l  i n s i gh t
t o  t h e  p r o b l e n  o f  a n a l o g  f a u l r  d i a g n o s i s  I I - 4 ] .
The  t opo logy  o f  t he  ne t \ . r o r k  r evea l s  t he  connec -
t i ons  be tween  d i f f e ren t  e l e rnen t s  a i d i ns  t he
d i a g n o s a b i l i c y  a n d  f a u l r  l o c a t i o n .

One  poss ib l e  app roach  t o  ne two rk  d i agnos i s  i s
f l r s t  co  assume  che  f au l c  has  occu red  l n  a  pa r !  o f
t he  necwork  and  t hen  check  whe the r  Ehe  assump t . i on
1s  co r rec t  by  exam in ing  t he  cons i s t ency  o f  ce r t a i n
l i nea r  equaE ions  wh l ch  a re  i nva r i an t  on  f au l t y
e l emen ts .  Th i s  assume  and  check  me thod  was  o r i g l -
nally formulateT-Ei-ElEiiJEkTlc al. I l  ] . rt was
f u rEhe r  ex tended  t o  f o rmu la te  Eopo log i ca l  con -
d l t i ons  t o  de te rn i ne  f au l t s  i n  a  l i nea r  c i r cu l t .
I n  t 2 l  S ta r zyk  and  Band le r  showed  a  necessa ry
topo log l ca l  cond i t i on  f o r  t he  assume  and  check
me thod  L r i t h  t he  a i d  o f  Coa tes  f l ov  g raph  rep resen -
t a l i on  o f  a  neEr , r o r k .  Huang  ec  a l .  t 3 ]  i n t r oduced
the  concep t  o f  f - node  f au l r  t es tab i l i t y  and  t hey
de r i ved  necessa ry  and  a lmosc  su f f i c i enc  cond i c i ons
fo r  d i agnosab i l i t y  o f  pass i ve  ne two rks .

The  ma in  conEr i bu t i on  o f  t h i s  pape r  i s  t o  show
lha t  a  necessa ry  and  a lmos t  su f f l c i en t  t opo log i ca l
cond i t i on  f o r  t he  assume  and  check  ne thod  i s  vaL id
fo r  pass i ve  as  we l l  as  ac t i ve  necworks .

Th i s  cond i t i on  l s  de r i ved  on  t he  bas i s  o f  t he  two
g raph  rep resenEa t i on  o f  acc i ve  ne two rks ,  name l - y ,
t he  cu r ren t  g raph  and  Ehe  vo lEage  g raph .  An  impo r -
t anc  f ea tu re  o f  t h l s  Copo log i ca l  cond l t i on  i s  t hac
i t  depends  on l y  on  t he  g raph  rep resen taE ion  o f  t he
ne two rk  and  no t  on  t he  e l eDen t  va l ues ,  wh l ch  makes
i t  adequa te  f o r  t he  d i agnosab i l l t y  o f  ana log  ne t -

wo rks  whe re  e l emen ts  a lways  dev ia te  f r o rn  t he i r
nom ina l  va l ues .  l t  appea rs  Cha t  t he  ex i scence  o f  a
common  t r ee  i s  c ruc i a l  t o  ex rend  t he  va l i d i t y  o f
t opo log i ca l  ana l ys i s  t o  ac t i ve  ne two rks .  The  pape r
i s  o r g a n i z e d  a s  f o l l o w s .  I n  S e c t i o n  I I  t h e
a l g e b r a i c  c o n d i t i o n s  f o r  f a u l t  d i a g n o s i s  a r e
b r i e f l y  d i s c u s s e d  [ 2 - 3 ] .  I n  S e c t i o n  I I I  t h e
p r o p o s e d  t o p o l o g i c a l  c o n d i t i o n  i s  p r e s e n t e d  a n d
j u s t i f i e d .  l n  S e c r i o n  I V  a n  e x a m p l e  i s  g i v e n  i n
wh i ch  t he  t opo log i ca l  cond iE ion  i s  used  t o
d e t e r m i n e  d i a g n o s a b i l i t y .  T h e  e f f e c t  o f  t h i s
cond i t i on  on  t he  p rope r  cho i ce  o f  measu remenr
n o d e s  i s  a l s o  i n v e s t i s a t e d .

I I .  ALGEBRAIC  CONDIT IONS FOR FAULT  D IAGNOSIS

Assume  tha t  a  ne lwo rk  S  has  n+ I  nodes  m  o f  t hem
access ib l e  f o r  exc i ca t l on  and  measu remen t  w l t h  f
f a u l t y  n o d e s  w h e r e  f <  m  .

S ta r f i ng  f r om the  noda l  equac ions  o f  t he  ne two rk  S
we  can  f o rmu la te  an  ove rde te rn i ned  sys tem o f
e q u a t i o n s .  T h e  c o n s l s E e n c y  o f  t h i s  s y s t e m  o f
equa t i ons  i s  a  necessa ry  cond i t i on  t o  ex t r ac t  Ehe
f a u l t y  n o d e s  [ 2 - 3 ] .

The  noda l  equa t i ons  f o r  t he  nom lna l  va l ues  o f  t he
e lemen ts  have  t he  f o rm

Y V  = I

whe re  Y  i s  t he  noda l  adm i t t ance  ma t r i x ,  V ,  l s  t he

vec lo r  o f  noda l  vo l t ages  w i t h  a . "pu " t  t o  a
se lec ted  re fe rence  node  g ,  

I . ,  i s  t he  vec to r  o f

noda l  cu r ren t s .

I f  S  i s  pe r t u rbed  ! o  (  S+AS)  w i t h  t he  same
e x c i t a t i o n s  w e  o b l a i n

(Y + AY)(vn *  ayrr )  = 
l r . ,  (2)

S u b t r a c t i n g  ( l )  f r o m  ( 2 )  y i e l d s

Y A V  = - A Y V r = A I
- - n - - n - n

whe re  V_ '=  V -+AV_  i s  f he  vec lo r  o f  noda l  vo l t ages

and  A In  r ep resen t s  changes  i n  noda l  cu r ren t s

caused  by  f au l t y  e l emen ts .  De f i n i ng  node  i  as

fau l t y  i f  and  on l y  i f  t he  i t h  componen t  o f  A l n  i "

nonze ro  and  assum ing  Eha t  on l y  f  e l emen ts  a re

fau l t y  ee  can  w r l t e  ( 3 )  as

(  t )

( 3 )



(  4 b )

Thus ,
( 5 )

€
where  A I ^  i s  t he  nonze ro  pa r t  o f  A I . r .  Fo r  f  <  m

e q u a t i o n  ( 5 )  r e p r e s e n t s  a n  o v e r d e t e r m i n e d  s y s t e m
o f  e q u a t i o n s .  A  n e c e s s a r y  c o n d i t i o n  f o r  i s o l a t i n g
the  f au l t y  nodes  i s  t he  cons i s t ency  o f  t h i s  sys tem
o f  e q u a E l o n s .

Any  f  f au l t y  nodes  can  be  un ique l y  l oca ted  i f  t he
fo l l ow ing  rank  t es t ,  known  as  t he  f - node  f au l t
t e s t a b i l i t y  c o r r d i t i o n  i s  s a t i s f i e d  [ 3 ] ,

Rank Z = f+ l-mq
( 6 )

f o r  a l I  p o s s i b l e  e r  w h e r e  q  r e f e r s  t o  ( f + l )
co l umns  o f  Z_ - .  Howeve r ,  l he  above  cond i t l on  i s-mn
too  s t r ong  l f  we  a re  i n t e res ted  i n  a  ce rEa in  se t
o f  f a u l c s  F .

C o n s i d e r l n g  a  s p e c i f i c  c a n d i d a t e s  f o r  f a u l t y  n o d e s
F ,  t h e  f o l l o w i n g  c o n d i t i o n  c a n  b e  u s e d  [ 2 ] ,

Rank Z = f+ l_mx
( 7 )

w h e r e ,  i n  t h i s  c a s e ,  x  =  c a r d  X  r e f e r s  t o  ( f + f )

c o l u m n s  o f  
1 * . ,  

X  =  r  U  t V ] ,  y (  N - F  a n d  N  i s  l h e

se t  o f  a l l  nodes  exc l ud ing  t he  re fe rence  node .
Th i s  cond i t i on  l s  equ i va len t  t o  Ehe  ex i s t ence  o f
a  squa re  nons lngu la r  subma t r i x  o f  

1 r *  o f  o rde r
( f + l ) .

I I I .  TOPOLOGICAL CONDITION

In  t h i s  sec t i on  we  show  thaE  t he  cond i t i on  sEa ted
in  ( 7 )  can  be  t r ans fo rmed  t o  a  cond i c l on  wh i ch
depends only on Ehe graph of  the network and
noE  on  t he  e l emen f  va l ues .

L e t  S m = { s 1 , s 2 r . . . , " . }  b e  a  s e t  o f  i n t e g e r  n u m b e r s

a n d  l e t  K '  b e  a n . u  e l e m e n t  6 u b s e t  o f  S . ,  i . e . ,
K u  = i k 1 ' k 2 , . . . , k u 1 .  B y  K . ,  w e  u n d e r s t a n d  t h e

complement of  Ku in Sn.  Let  H be nxn matr ix  wi th

r  (  o r  H (Ku ,J r )  be  t he  sub rna t r i x  o f  I  cons l s t i ng

o f  t he  rows  and  co lumns  co r respond ing  t o  t he  l n t e -
ge rs  l n  l he  seE  Ku  c  Sm and  J r  C  Sn ,  r espec -

t l v e l y .  I n  p a r t i c u l a r ,  b y  Y ( K u ' . )  
w e  u n d e r s t a n d

l l ( K u , S n )  a n d  b y  M ( . , J r )  w e  u n d e r s t a n d  M ( S n , J r ) .

Lemma [2 ]

Le t  Z (E ,X )  be  a  squa re  subma t r i x  o f  t he  ma t r i x

Z ( l t , X ) ,  t h e n

d e r  Z ( E , X )  *  0 < : >  d e r  Y ( X , E )  *  0 (  8 a )

- l

where  Y=Z  
^  

and  M  i s  t he  se t  o f  measu remenE  nodes .

W e  w i l l  n o w  i n v e s C i g a t e  t h e  t o p o l o g i c a l  i m p l i c a _
t i ons  o f  t he  above  l emma.  A  t opo log i ca l  c r t t e r i on
fo r  t he  ae t v (T ,E )  t o  be  nonze ro  w i l i  be  p resen ted .

L e t  c  b e  a  g r a p h  a n d  V  =  
{ v g , v 2 , . . . , r f J  a  s u b s e r

o f  t h e  s e t  o f  l t s  v e r t i c e s .  D e n o t e  t ( V )  t o  b e
f - t r ee  o f  G  such  t ha t  t he  ve r t l ces  o f  V  be long
t o  d i f f e r e n t  c o n n e c ! i v i t y  c o m p o n e n t s .  T ( V )  i s  t h e
s e t  o f  a l l  p o s s i b l e  f - r r e e s  t ( V ) .  G ( V )  i s  r h e
g r a p h  o b t a i n e d  f r o m  G  b y  t h e  i d e n t i f i c a t i o n  o f  a l l
t h e  v e r t i c e s  o f  V  ( i . e . ,  b y  s h o r t i n g  t h e s e  v e r _
E l c e s  t o  t h e  r e f e r e n c e  n o d e ) .

Theo rem

fz*' I
t l
| 1'-*," J

f ou"t I
t-t=
L oY'-ii

- fz,, lm,n-r I f^ll I
11,-.,r 

z-n-m,n-rI LrJ
n €

A V -  =  Z  .  A I -

- t
V  '  ^ r
ln  t - tn  - A J n  ( 4 a )

A necessa ry  _a !d  a lmos t  su f f i c i en t  cond iC ion
t h e  m a c r i x  Y ( X , E )  E o  b e  n o n s i n g u l a r  i s

r ( x  u  { s } )  f l  r r r  u  { s } )  I  0
where  g  i s  t he  re fe rence  node .

P roo f

f o r

(  8 b )

( e )

N e c e s s i t y :  T h e  n o d a l  a d m i t t a n c e  m a t r i x  o f  t h e
ne two rk  can  be  w r lE ten  as

I= l t t -ud
where  A i  i s  t he  i nc i dence  ma t r i x  o f  t he  cu r ren t
g raph  G1  o f  t he  ne two rk ,  

5  
i s  t he  i nc i dence

ma t r l x  o f  t he  vo l t age  g raph  Gv  o f  t he  ne two rk  and

f 6  
i s  t n e  d i a g o n a l  b r a n c h  a d m i t t a n c e  m a t r i x .

Acco rd i ng l y  we  may  w r i t e

y ( x , E )  =  a r ( T , . )  v o  { r . , e l (  l 0 )

Remov ing  rows  f r om the  l nc i dence  ma t r i x  o f  t he
g raph  l s  equ i va len t  t o  sho r t  c i r cu i t i ng  t he
co r respond iSg  nodes  t o  t he  re fe rence  node  t 5 l .
H e n c e ,  A i ( X , . ) ^  i s  t h e  i n c i d e n c e  m a t r i x  o f  t h e
cu r ren r  g raph  c i  =  c i ( x  u  i s ) )  and  \ (E , .  )  l s  r he
lnc i dence  ma t r i x  o f  t he  vo l t age  g raph_  6 ,  ^=
c v ( E  U  { g } ) .  ^ C o n s e q u e n r l y  w e  d e " n o t e "  n r f i , . l = " e ,
a n d  \ ( 8 , . )  

=  
\ .

Us ing  B ine t -Cauchy  rheo rem [6 ]  t he  de r  y ( i ,E )  can
be expanded as fo l lows

det v(i ,E-; =

I  a . t  1 1 ( . , K . )  d e r  y b ( K r , K r )  a " t  { ( x . , . )  ( l l )

r tu . "  .  i s  the  rank  o f  8 r ta " l .

S ince  de t  Yb(K 'Kr ) *0  we conc lude rhar  aec_v( i ,E)
L s  n o n z e r o  o n l y  i f  d e r  A i ( . , K r ) * 0  a n d  d e r  l 3 ( * . , . 1
*0  fo r  a  cer ta in  Ka.  Fur thermore ,  i f  Kr  represents
a  t r e e  o f  G i  t h e n  d e t  A i ( . r K r )  l s  n o n z e r o  [ 5 ] .  T h e
same is  r rue  fo r  a " i -a l tx r , . )  in  ev .  There fore
aet y(I-,E') is nonzero i f  ana only i f  rhe se! of
b ranches Kr  represents  a  common t ree  o f  bo th  the
cur ren t  g iaph 6 i  and the  vo l rage graph du .  In
o ther  i ro rds  aer  i1 ( .  ,Kr )  *  0  l f  and  on ly  l f  Kr
r e p r e s e n t s  ( f + 2 ; - g 1 . .  t ( x  u - { g }  )  i n  r h e  c u r r e n t
g r a p h  G 1  a n d  s i n l l a r l y  d e r  { ( K r , . ) +  0  i f  a n d  o n l y
l f  K .  r e p r e s e n E s  ( f + 2 ) - r r e e  r ( E  U  { S } )  i n  C u .
Hence Y(T,E)  l s  nons ingu la r  on ly  i f  there  ex is ts  a



c o m m o r )  ( f + 2 ) - t r e e  o f  b o t h  t h e  c u r r e n t  a n d  t h e
v o l r a g e  g r a p h s  w i t h  n o d e s  x  U  { c i i e  u  { g } 1  i n  d i f -
f e renC  connec t i v i t y  componen ts  o f  G . (G , r )  r e6pec -
t  1ve  1y .
Su f f i c i ency  :  The  su f f i c i ency  f o l l ows  f r om the
impo r tan t  f ac t  t ha !  t he  edges  o f  t he  t .wo  g raph
rep resen taE ion  o f  che  ne two rk  (Ehe  cu r ren t  g raph
a n d  t h e _ v o l t a g e  g r a p h )  h a v e  u n l q u e  w e i g h t s  t 6 l .
de t  Y (X ,E )  i s  a  po l ynom la l  o f  edge  we igh t s  and  we

w i l l  show  EhaE  i f  t he  spec l f i ed  co romon  t r ee  ex i s t s
t hen  t h i s  de te rm inanc  i s  no t  ze ro  and  we  do  no t
h a v e  a  s y m b o l l c a l  c a n c e l l a t i o n .

We  w iL l _  show  rhaE  t he  po l yno rn i a l  r ep resen t l ng
d e t  Y ( X , E )  i s  n o !  z e r o  f o r  a  p a r t l c u l a r  s e t  o f

e d g e  w e i g h t s ,  t h e r e f o r e  o n  t h e  b a s i s  o f  [ 7 ] ,  i t
i s  noE  ze ro  f o r  a lmos t  a l l  edge  we igh t s .  The
po l yno rn i a l  r ep resen t i ng  ae r  y ( i ,E )  can  be  w r lE -

l en  as

P  =  y ,  P ,  +  s u m m a c i o n  o f  o [ h e r  t e r m s'  
w h i c h  d o  n o t  i n c l u d e  y . ,  ( t Z )

whe re  we  f ac to r  ou t  t he  we igh t  y1 ,  o f  a  se l ec ted

e d g e  e 1 ,  a n d  P l  i s  t h e  p o l y n o m i a l ' o b t a i n e d  a f t e r

t h i s  f a c t o r l z a t i o n .  F r o m  ( l l )  a n d  t h e  e x i s t a n c e  o f
a common tree at  least  one term wi l l  appear on the
r i gh t  hand  s i de  o f  ( 12 ) .  t l ow  P ,  can  a l so  be  w r l t -
l en  as

P r  =  Y .  P r  +  s u m m a t i o n  o f  o t h e r  E e r m s'  
w h i c h  d o  n o t  i n c l u d e  Y r .  o r  y ' ^  ( 1 3 )

r l
whe re  y iZ  1s  t he  we igh t  o f  a  second  se lec ted
edge  and  PZ  i s  t he  po l ynom ia l  obca lned  a f t e r
f a c t o r i n g  o u t  y {  ,  a n d  y ;  ̂  L l e  w i  I  I  n o w  t u r n  o u r' L 2

a t t en r l on  t o  P2  wh i ch  can  be  w r i t t en  as

P r  =  Y r ^  P t  +  summat i on  o f  o the r  t e rms  wh i ch-  ^ J  "  d o  n o t  l n c l u d e  t r r ,  t r ,  o r  y i 3  ( 1 4 )

Conc lnu lng  t h i s  way  we  f i na l l y  ob ra i n

P  ,  =  v .  +  summat . i on  o f  o the r  t e rms  wh i chn - r  ' 1 n  
d o  n o t  l n c l u d e  , r r ,  , r r , . . . , y i n  

(  I 5 )

S ince  y1 r , 1s  no t  ze ro  t he re fo re  Pn -1  can  be  rnade

no t  ze ro  by  p rope r  se l ec t i on  o f  y i -  and  s i n i l a r l y
we  can  se lecc  y1  ,  such  cha t  Pn -2  i s  noE  ze ro .-  - n - l

Con t i nu lng  backwards  ne  can  Ee t  P l  no t  ze ro  and
se lec t  y i ,  wh i ch  nakes  t he  po l ynom ia l  p  noc  ze ro .

Acco rd i ng i y  ae t  y ( I ,E )  r r  0  f o r  t he  se lec i ed  va lues
o f  e d g e  w e i g h t s -  y i l ,  y l 2 ,  . . . ,  y i . ,  

" r  
o n  t h e

bas i s  o f  17 )  1E  f o l l o r . r s  t ha r  t he  de te rm inan t  i s
no t  ze ro  f o r  a lmos t  a l l  edge  we lgh t s .

IV.  EXAMPLE

Cons ide r  t he  ac t i ve  ne two rk  w i t h  two  vo l t age
con l ro l l ed  cu r ren t  sou rces  shown  i n  F i g .  l .

The  t opo log i ca l  cond i t i on  g i ven  Ln  t he  Theo rem can
be used !o decide upon a number and a locat ion of
measu remen t  nodes  t o  i den t i f y  f au l t y  nodes .  The
cu r ren t  and  vo l t age  g raphs  o f  t he  ne lwo rk  a re
shown  i n  F i g .  2 .  Le t  t he  measu remen t  nodes  be  )
a n d  2 ,  t h u 6  w e  h a v e  t h e  s e r  E  =  

t I , 2 ] .  T h e  n o d a l
adn l t t ance  nE t r i x  o f  t he  ne two rk  l s  g l ven  by

I t t
I

Y =  i-  t v "
l '
L

0

0 _y2

J4*Y6 -y4

- f  r .  Y , . *  f "+8 ,
0  _ c l

0

0

- )

The  g raph  6 . ,  =  Gu ( r  U  {5 } )  i s  ob ta i ned  f r om G ,  by
sho r t i ng  t he  nodes  I  and  2  t o  t he  re fe rence  node
( i . e . ,  n o d e  5 ) .

A s s u m e  t h a t  n o d e  3  i s  t h e  f a u l t y  n o d e ,  i . e . ,
F = { 3 } ,  t h u s  y  r  N - F  =  

{ t , 2 , a 1 .  l f  r h e r e  e x i s c s  a
c o m m o n  t r e e  o f  b o c h  c v ( E  U ' { r } )  a n d  c i ( X  U  t 5 j )
w h e r e  X =  F  U  { y } ,  c t " n  V ( I ' , E )  i s  n o n s i n g u l a r  a n d

the re fo re  we  can  un ique l y  i den t i f y  node  3  as
fau l t y .  I n  o the r  wo rds  we  a re  l ook ing  f o r  a  com
m o n  3 - t r e e  r ( x  u  t 5 ] )  i n  c t  a n d  t ( E  u  { 5 } ) i t r  c u .

C o n s i d e r  X = { 3 , 4 } .  A s  w e  c a n  s e e  f r o m  F t g .  3 ,
y282  i s  a  common  t r ee  o f  bo th  G f (X  U  i 5 l )  and

c v ( E  U  t 5 l ) , i .  e . ,  J Z E . Z  r e p r e s e n t s  a  c o m m o n  3 - t r e e

o f  bo th  G i  _and  Gu .  Th i s  can  be  ve r i f i ed  by  exa -

m i n i n g  t h e  d e c e r m i n a n t  o f  t h e  m a t r f x  Y ( f , E )  w n i c n

in  t h i s  case  i s  as  f o l l ows

f -v^ o 
-l

Y(T,E)=  l ' t  I
L - v q  s z )

The  o the r  two  poss lb i l l t l e s  o f  t he  se t  X  requ i r ed
to  check  node  J  as  f au l t y  a re  shoum l n  F l g .  4  and
F i g .  5 .  I n  F i g . 4  i t  i s  e a s y  t o  s e e  t h a t  y 2 y 5  l s

a  c o m m o n  c r e e ,  i . e . ,  y z y 5  l s  a  c o n m o n  3 - t r e e  o f

bo th  C i  
l t 1  

Gv .  The  co r respond ing  nons ingu la r

m a t r l x  Y ( X , E )  l s  g i v e n  b y

[ - v ^  o  I
I ( x ,E )=  l - t  I

L - e r  Y t J

F ina l l y  f r om  F ig .  5  we  f l nd  t ha t  y4y5  and  g rg ,  a re

comon  3 - t r ees  o f  boEh  G1  and  Gv  whe re  t he

co r respond ing  nons lngu la r  ma t r i x  y ( I ' ,E ' )  i s

ln both

- )
shown in

Hence  Ehe  t opo log i ca l  cond i t i on  s ta ted  i n  t he
Theo rem i s  sa t i s f i ed  and  \ , r e  conc lude  t ha t  t he
fau l t y  node  3  can  be  un ique l y  l oca ted  p rov i ded
tha t  I  and  2  a re  t he  measu remen t  nodes .

As  ano the r  examp le  cons ide r  t he  6ame  ne two rk  w i t h
E  =  

{ l r 4 }  as  t he  se t  o f  r neasu remen t  nodes ,  and
n o d e  2  a i  t h e  f a u l t y  n o d e ,  i . e . ,  f  =  

{ Z } .  t r r e  w i l l
i n ves t i ga te  che  ex i s t ance  o f  a  common  t r ee  o f  bo th
c i ( E U t 5 i )  a n d  c v ( x u { 5 } )  w h e r e  x = r u { r } ,
y  €  N - F =  { 1 , 3 , 4 } .
C o n s i d e r  t h e  c a s e  X  =  

{ 2 , 3 }  s h o w n  i n  F l g .  6 .  1 r  i s
c lear tha!  there ls  no such a conmon tree,  so the
TDa t r l x  y ( i ,E )  nas  t o  be  s l ngu la r .  Th i s  can  be

checked  by  l nspec t l ng  t he  na r r i x  Y ( I ' , 8 )  wh i ch  i n
t h i s  case  i s  g i ven  by

f  -Y, .
Y (  x , E )  =  |

L E t

c a s e s  g r a p h  6 . 0  i " . "

l
F l g . 3 b ) .



Y ( x ' E )  =

Hence ,  we  conc l r r de
iden t i f y  node  2  as
chosen  a t  nodes  I  and

i t  i s  no t  poss  i b l e  t o
n i t h  t he  measu remen l s

Io
I
LO

cha t
f au l  t  y

-t
- Y t  

I- l
- Y r  I

V.  CONCLUSIONS

A necessa ry  and  a lmos t  su f f l c i en r  t opo log l ca l  con -
d i t i on  f o r  d i agnosab i l iCy  i n  ana log  c i r cu i t s  has
b e e n  f u l l y  p r e s e n t e d  a n d  j u s t i f i e d .  T h e  r e p r e s e n -
t a t i on  o f  che  necwork  ch rough  a  pa i r  o f  g raphs
( t he  cu r ren t  g raph  and  t he  vo l t age  g raph )  t oge the r
w i rh  t he  concep t  o f  a  comrnon  t r ee  cons t i t u t e  t he
t h e o r i t i c a l  b a s i s  o f  t h e  p r o p o s e d  c o n d i t i o n .
A  un ique  f ea tu re  o f  t h i s  t opo log i ca l  cond i t i on  i s
t ha t .  i t  i s  app l l cab le  t o  pass i ve  as  we l l  as
a c t i v e  n e t w o r k s .  T h i s  r e p r e s e n t s  a  s i g n i f i c a n t
advanEage  ove r  oE .he r  t opo log i . ca l  cond i t i ons  p re -
s e n E e d  i n  [ 2 - 3 ] .  T h e  i n p l i c a t l o n s  o n  t b e  c h o i c e
o f  measu remen f  nodes  i s  i l l . u s t r a ted  ch rouch  an
examp le .
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