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1 .  Abs t rac t  The  resu l t s  o f  d i f f e ren t  LesLs  a re  ana l yzed

-  t o  i den t l f y  l he  f au l t y  and  non fau l t y  subne tuo rks .
I n  ch i s  pape r ,  a  new  Lechn j , que  f o r  ana lo$  Lcg i ca l  f uncL ions  a re  u t i l i zed  f o r  l h i s  pu rpose .

ne two rk  f au lL  ana l ys i s  i s  desc r i bed .  The  t ech -  Eve ry  subneLHor l (  has  assoc iabed  w i t h  i L  a  l og i ca ]
n i que  l s  based  ma in l y  on  Lhe  u t i l i za t i on  o f  va r i ab le  o  Hh l ch  t akes  t he  va lue  1  i f  t he  sub -
ne t l r o r k  decoopos i t i on  as  we l l  as  l og i ca l  ana l ys l s  neLwork  l s  good  and  0  i f  i L  i s  f au l i y .  Eve ry
i n  i so l , a t i n8  t he  f auLLs .  The  t echn ique  i s  app l i -  l og i ca l  t , es t  f uncL ion  (LTF )  i s  equa l  t o  t he  cc rn -
cab le  t o  l a rge  ne lHo rks  and  c l ose l . y  sa t l s f i . es  p l e !e  p roduc t  o f  va r i ab les  d .  i f  l he  ! es t  i s  a
p roposed  c r i t e r i , a  f o r  f au l t  ana l ys i s  me thods .  pass
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2  .  I  nL roduc t i on

?r is paper addresses ibsel f  to lhe probleo
o f  f au l t  l o ca t i on  i n  ana log  c l r cu i t s .  We  p resen t
a  n e w  s i r u u l a t i o n - a f t e r - L e s t  m e t h o d  f o r  f a u l t ,
I oca t i on  w i ! h  t he  cc rnpu taL ions  and  measu renen ! s
kep t  t o  accep tab le  p rac t i ca l  bowrds  [ 1 ] .

A  noda l  decompos lL l on  o f  t he  neLHork  l neo
sma l l e r  uncoup led  subneLHorks  i s  ca r r i ed  ou t .
The  measu remen t  nodes  mus t  i nc l ude  t he  nodes  o f
d e c o r q p o s i L i o n .  T h e  v o l t a g e  n e a s u r e n e n t s  a r e
empLoyed  t o  i so l a te  t he  f au l t y  subneLHorks .

U t i I  i z i ng  t he  i nc i dence  re l a t i ons  be l seen
subne tHo rks  and  KCL  He  deve lop  necessa ry  and
a lmos t  su f f l c i en t  cond iL i ons  f o r  a  subneLwork  o r  by
a  B roup  o f  subne two rks  t o  be  f au l t  f r ee .  Log i ca l
ana l - ys i s  o f  t he  resu lbs  o f  bhese  t es l s  i s  ca r r i ed
ou t  t o  i den t i f y  f au l Ly  subneL l ro r ks .

A f t e r  l oca l i z i ng  t he  f au l t s  Lo  t he  sub -
ne two rk  l eve l ,  we  i den t i f y  Lhe  f au lLy  e l e rnen t s  o r
f au l t y  r eg ions  [ 2 ]  i n s i de  t he  f auLLy  subneLwork
us ing  f au l t  ve r i f i ca t l on  t , echn iques  [ 3J .

The  e f f ec t  o f  t o l e rances  on  t he  non fau l t y
e l e rnen t s  i s  hand led  by  u t i l i z i ng  t he  He igh ted -
l e a s t - s q u a r e s  c r i t , e r i o n  f o r  s o l v i n g  u n d e r -
debe rTo ined  sys tems  o f  equa t l ons .  The  c r i Le r l on
has  a  s i gn i f i can t  p robab i l i s t i c  i np l i ca t i on .

3 .  Ne two rk  Decompos i t i on  and  Log i . ca l  Ana l ys i s

Tes t i . ng  cond i t i ons  a re  app l l ed  t o  i den t l f y
t he  non fau l t y  subneLworks .  The  app l i ca t i on  o f
t es t i ng  cond i t i ons  i s  r e fe r red  t o  as  a  t esb .  The
ou tcdBe  o f  a  t es t  i s  c l ass i f l ed  s imp l y  as  pass  o r
f a i l .  The  t es t  passes  l f  and  on l y  i f  a1 I  sub -
ne t l r o r ks  l nvo l ved  i n  t he  t es t  a re  f au l t  f r ee .
The  t es t ,  f a i l s  1 f  and  on l y  i f  a t  l eas t  one  o f
t hese  subnegHorks  l s  f au l t y .

T h i s  w o r k  w a s  s u p p o r t e d  b y  L h e  N a t u r a l
S c i e n c e s  a n d  E n g i n e e r l n g  R e s e a r c h  C o u n c i l  o f
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A Iog i ca l  d i agnosb i c  f uncL ion  (LDF)  i s  g i ven
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Hhe re  t he  f l r s t  g  LTFS  co r respond  t o  success fu l
l esLs  and  t  i s  t he  t o ta l  n tmbe r  o f  l es t s ,  I n  bhe
LDF ,  t he  subne lHo rks  wh l ch  a re  r ep resen ted  by  ; .
are faul ty and Lhose which are represenfed by o:
a re  non fau l t y .  I f  a  subne two rk  i s  no t  r ep reg
sented in the LDF we assLrne nothing about iLs
s ta tus :  mo re  t es t s  a re  necesga ry .

4 .  App l i . ca t i on  o f  Tes t i nB  Cond i t i ons  t o
S ubnetworks

In Lhis secclon we give necessary and almost
suf f ic i .ent  condi t ions for  a subnetHork or  Sroup

In the pre- test  stage He perforru a nodal  of  subnetworks to be faul t - f ree.  the condic ions
deconpos iU ion  o f  t he  ne tHo rk .  Th i s  r esu l t s  i n  a re  based  on  l nvok ing  KCL  and  t he  t opo log i ca l
subnetHorks connected by Lhe nodes of  deconposi-  re laLions.  For analog c i rcuj . ts  the ef fect  of  Lrro
t i on .  The re  shou ld  be  no  mu tuaL  coup l i ng  be tw ien  i , ndependen !  f au l i s  i s  h i gh l y  un l . i ke l y  t o  cance l
any  t l r o  subne two rks  and  t he  hodes  o f  deco rnpos i -  a t ,  t he  neasu remen t  nodes .  We  adop t  Lh i s
t ion shoul .d be chosen f rom the set  l rhere vol tage reasonable heur ist ic  [4] .
measur€rEents can be oerfonned.

The lnput-output  re lat ion for  a subnetHork
S . ,  t ha t  i s  connec ted  t o  t he  res t  o f  t he  ne t so rk
b l  n ,  +  1  ex te rna l  nodes ,  i s  g i ven  by

H .  M .  M .

1 r ( r )  = [ t  t I l t u ) ,  g r ) .  ( 2 )

uhere gi  ls  the vecLor of  subnelwork parareters

H .  M .  H .
a n d  t h e  c a r d l n a l i t y  o f  !  

t ,  
!  

r  
a n a  !  

t  
! s  m . .

S.  is  assLmed to be coniecte8' .  Let

l { .  = M .  u M . - u H .  u H . . .  ( 3 )
I  I ( l  1 6  T Y  I O

uhe re  H .  i s  t he  se t  o f  nodes  r r he re  bo th  vo l t ages
a n d  c u r l B n l s  a r e  k n o w n ,  H . g  i s  t h e  s e t  o f  n o d e s



u t re re  on l y  vo l t ages  a re  knoHn ,  M-_  i - s  ' uhe  se t  o f
n o d e s  w h e r e  o n l y  c u r r e n t s  a r e  k n - o w n ,  H . ^  i s  t h e
se !  o f  nodes  khe re  ne iLhe r  cu r ren t s  no r ^Vo l t ages
a r e  k n o w n  a n d  M .  i s  l h e  s e t  o f  m .  n o d e s .
A c c o r d i n g l y  w e  m a y r w r i t e  ( 2 )  a s  

I

L h e  s u b n e t w o n k  S . .  E a c h  s u b n e c c o r k  S .  ! s  e o n -
nected and has m.r+1 nodes t ,hag do noL 

td""*po"u

i t  f u r t h e r ,  E .  c  1 ' . | . .  I f  L h e  c u r r e n t s  i , n c i d e n E  ! o
E , ,  i  e  J * ,  f b r m  a ^  c u c  s e t ,  L h e n  a  n e c e s s a r y  a n d
a lmos t  su f f i c i en t  cond iL i on  f o r  t hese  subneLworks
to  be  f au l t - f r ee  i s  t ha t

M .  M
r  r  h " i ( v " i ( r ) , 0 9 ) = o u r .  ( 7 )
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5 .  T o l e r a n c e  C o n s i d e r a l i o n s

M .  M .  M ,  U .
-  l u  , -  l c  /  L q .  r B
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I f  t h e  c a r d i n a l i t y  o f  L h e  s e L  M . ^  l s  g r e a t e r
b h a n  t h e  c a r d i n a l i . t y  o f  L h e  s e L  M .  

6 , ' \ . e . ,  
m i o  )

m .  " .  a  necessa rv  cond i t l on  f o r  t he  subne two rk  S .

t o  be  f au l t  f r ee  i s  t ha t  ( 4a )  and  (4c )  cons t i t uLe
a  cons i s t , en !  sys tem o f  ove rde te rq i . ned  equaC ions
with g.  assrn0ing nominal  values gY. i {e refer  Lo
t h i s  c - o n d i t i o n  a s  l h e  i n t e r n a l - s e l f - t e s t i n c
c o n d i t i o n  ( I S T C ) .

I ' lhen aI l  the vol tages of  M. are k lown and
m. -  i s  g rea te r  Lhan  o r  equa l  t o  o -ne .  we  can  sLa te

l o

t he  f o l l ow ing  s t r onge r  r esu l i .

t l . 1  L e m n a  1 :  S e l f - T e s t i n g  C o n d i t i o n  ( S T C )

A  necessa ry  and  a l nosL  su f f i c i en !  cond i t i on
fo r  a  connec ted  subne two rk  S .  w iLh  m .+1  ex te rna l
nodes  Lha t  do  no t  deco rnpose  i t  f u r t h -e r ,  m r^  )  1
and  m .  =  m .  -  =  0  t o  be  f au l t - f r ee  i s  t ha t - "

I Y  I O

M .  M .  M .
i  

r a ( t )  -  
!  

t " ( l  t t u l ,  
g ' l  :  o  r r  r .  ( 5 )

No rmaL l y ,  t he  vo l t ages  o f  t he  m .  nodes  a re
d i r ec t l y  measu red .  The  cu r ren t s  i n  15 )  a re  no t
d i r ec t l y  measu red  s i nce  i t  i s  d i f f i cu l , t  t o  do  so
p rac t , i ca l l y  excep t  when  t hey  rep resen t  t he  i npu t
exc i t a t i on  Lo  t he  who le  ne two rk .  The  app l i ca t i on
o f  KCL  and  t opo log i ca l  r e l a t i ons  ove rcomes  t h i s
d i f f i cu l t , y .  The  cu r ren t s  a re  nob  measu red :  t hey
are co.nputed using the noruina.L paraneter  values
bo8e tha r  w i t h  t he  measu red  vo l t ages ,  t hen  KCL , i s
i nvoked .

F o r  s r n a l l ,  t o l e r a n c e s  t h e  f i r s t - o r d e r
app rox i r na t i on  can  be  u t i l i zed  ! o  desc r i be  ! he
changes  i n  t , he  neLwork  r esponse .  Acco rd i ng l y ,  we
m a y  w r i t e  ( 5 )  a s

H  M  U  M .

A i  
i "  I  i  i o ( r )  _  h  i o  ( u " i o ,  c 9 )
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whe re  p  i . s  l he  nunbe r  o f  subne two rk  pa raneLe rs .
A t  a  ce r t a i n  i nsLan t  t  o f  t i iDe .  (B )  i s  an  unde r -
de le rm ined  sys te r l  o f o  l i nea r  equaL ions  j , n  t he
v a r i a b l e s  A J i  .  T h e  r j e i g h t e d - I e a s L - s q u a r e s
so lu t i on  o f  ( 8 )  i s  t he  cond i t i ona l  expec ted  va lue
o f  L h e  p a r a r n e l e r s  A j i  t 5 l .  i . e . ,

H =
a 6 .  = E  [ a o .  i  a i  

r s ( r  
) ] .  ( 9 )
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Hhere  E  deno tes  t he  expec ta t , i on ,  Us ing  Lhe
p r o b a b i l i . s t i c  i n t e r p r e t a t i o n  r r e  c a n  h a v e  a
measu re  o f  how  fa r  ( 5 )  i s  sa t i s f i ed  unde r  Lhe
va r i a t i ons  caused  by  che  Eo le rances .  I f  any
cmponent of  the ccrnputed vecLor agi  f rom (9 )
s i g n i f i c a n L l y  e x c e e d s  i . t s  L o l e r a n c - e  v a l u e  w e
cons ide r  t he  t es t  i s  unsuccess fu l -  The  e f f ec t  o f
l o l e rances  on  cond iL i on  (6 )  and  (7 )  i s  t r eaLed  i n
a  s im j , I a r  way .

4 . 2  L e m m a  2 : Mutual-T est i Cond i t i on  ( l . l TC )

A  necessa ry  and  a lmos t  su f f i c i en t  cond iE ion
fo r  subne tHo rks  S .  ,  i  e  J . ,  l ha t  a re  i nc i den t  on
the node c to be iaul t - f reue is  that

M .  H .
i  n ^ i  t f  

i { t l ,  
g o )  =  o  v  t , ,  ( 6 )

i e J
t

1 .e . ,  t he  cu r ren t s  l nc i den t ,  t o  t he  cc rnmon  node  c
codpu ted  us i ng  t he  measu red  vo l t ages  and  nc rn i na l
pa ra rne te r  va l ues  shou ld  sa t i s f y  KCL .

4 .3  Lemma 3 :  Gene ra l i zed -Hu tua l -Tes t i ng
Cond i t i on  (GMTC )

F a u l t  L o c a t i o n  I n s i d e  F a u l t S  ubne two rks

Fu r the r  d i agnos i s  i s  usua l l y  necessa ry  t o
i den t i f y  f auJ . t y  e l emen ts  o r  a t  I eas t  Lhe  f au l t y
reg ion  i ns i de  a  f au l t y  subne tHo rk .  Fo r  gna l l
subne tHo rks  w i t h  f ew  eLemen ts ,  a  sea rch  f o r  Lhe
f a u l t y  e l e m e n c s  i n s i d e  t h e  s u b n e l w o r k  j . s

f eas ib l e ,  s i . nce  t he  nunbe r  o f  d i f f e ren t  ccmb ina -
t i ons  t o  be  cons ide red  i s  ve r y  f ew .  Fo r  r e l a -
t i ve l y  I a rge r  subne two rks ,  He  f i r s t ,  app l y  t he
inLe rna l - se l f - Les t i ng  cond i t i on  t o  f i nd  a  s ra l l e r
r eg ion  j . ns i de  t he  subneLwork  t haE  con ta i ns  t he
fau l t y  e l qnenLs  t 6  l .  The  d i r ec to r y  app roach
c o u l d  b e  i n c o r p o r a t e d  a C  t h i s  s t a g e  b y
cons ide r i ng  f au l t y  mode l s  f o r  a  p respec i f i ed  se t
o f  poss ib l e  f au l t y  e l emen ts ,

7 .  E x a n p l e 3

Here ,  we  cons ide r  t he  app l i caL ion  o f  t he
me lhod  t o  a  non l i nea r  v i deo  amp l i f i . e r  e i r cu i L .
The  c i r cu i t  i s  decomposed  i n t o  8  subne two rks
us ing  nodes  1 ,  2 ,  5 ,  7  and  10  as  t he  decompos i -
t i on  nodes .  The  c i r cu i t  i n  deco rnposed  f o rm  i s
shoHn  i n  F i g .  1 .  DC  l es t i ng  i s  cons ide red .  The
nom ina l  va l ues  and  ope ra t i ng  cond iE ions  a re  g i ven
in  i 7  l .  D i f f e reng  f au l t  s i t uab ions  have  oeen
s inu la ted .  I n  t h i s  pape r ,  we  rep resenL  t he  case
when  Q .  i s  f au l Ly .  The  oeasu rsnen t  vo l Lages  a re

Le t  8 . ,  i e J . ,  deno te  some  ex te rna l  nodes  o f
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F ig .  1  The  v i deo  a rnp l i f i ed  exanp le
i n  decomposed  f o rm .

Y .  =  2 6 . 1 9 5 0  V ,  V ^  :  ' 1 1 . 6 7 9 0  V ,  V -  =  1 0 . g g 0 g  V ,
V j  =  r 0 . 8 5 9 9  v ,  5 n d  V , ^  =  1 0 . 1 2 f r  V .  T a b l e  I
g l ves  t he  resu l t s  when  A I I  good  e l emenus  a re  kep t
a t  nc rn l na l .  Tab le  I I  g i ves  t he  resu l t s  when  Lhe
Sood  e l emen ts  a re  a l l owed  t o  va r y  w i t h i n  +  101 .
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