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Ib-,l.t ac t :  
The a n a l v s l b  oL the  l n f r e r e d  lmaqrs u f  h l yh -  
vo l tdpe  w i res  tias been an e z r e c t l v e  t e c h n ~ q u r  
1n t h e  tau:t d r t r - c t l o n  o r  the h i g h - t r r t s ~ o r ,  
networl- . I n  t h l s  paper, a  new ano s lmple appr- 
oach t o  auto-detection 1s proposed . Featured by 
sample a n a l y s i s  , p a t t e r n  r e c o g n l t l o n  based on 
knowledge and context  , and adapt lve t r a c k i n g  
as w e l l  . t h e  new wethod can p r o v l d r  a  q u l c l  
and e f f e c t i v e  c i a s s ~ r i c a t l o n  , snd hence an 
a u t o - d e t e r t ~ o i  o f  t h e  f a u l t s  of the  wlres. 

1 Introduction 
Among a l l  t h e  f a u l t s  an3 defects o i  t h e  h i g h  

vo l tage  wlre.; , one Fhenornec:,tm i s  v.5f-v ci24noli3il. 

I t ' s  the i l j o j r r t l r ~ g  of t l - tr  j o i n t  o i  twu w~r-es. 
The improper connection g ives  r i s e  t o  g rea te r  
r e s i s t a n c e  , whlch produces muck: heat and wastes 
a  l o t  of energy . As a  r e s u i t  , t h e  s e r v i c e  l i f e  
of t h e  w i res  w i l l  be shortened . Morderr~ detec- 
t i o n  techniqu* made much use of t h i s  heat 
r a d x a t i o n  . The usual way i s  t o  analyse t h e  
w i r e s ' s  i n f r e r e d  p i c t ~ l r e s  taken on a h e l i -  
copter  which f l i e s  along t h e  h igh- tension 
w i res  . S ~ n c e  t h e  improper connection p o i n t  
' usua l l y  leaves 6 br-ight spot on t h e  i n f r e r e d  
pictures , i t  car  pcss;Ll), 52 detected by com- 
p u t e r s  . I n  t h l s  paper . a  new approach i s  pro-  
prr5H tq ,nab- 44bt.unetic b* tect :c? . The ne?* 
method uses on ly  several  rows o f  image e le -  
ments t o  recogn l re  t h e  w i r e  ou t  of t h e  back- 
ground , consequently computations have been 
reduced g r e a t l y  . A c o r r e l a t i v e  r e c o g n i t i o n  
based on knowledge and context  i s  in t roduced  
here  so as t o  p rov ide  a  r a t h e r  r e l i a b l e  out-  
come . When a  w i r e  i s  found . an adapt ive t rack -  
i n g  a long t h e  mi re  de tec ts  t h e  f a u l t s  i n  case 
they  e x i s t  ! The f o l l o w i n g  diagram shows t h e  
who1 e Drocess. 

The d ~ s t a n c r  between twa a i?azent  samp:~ l ~ n r s  
( c a l l e d  t h e  sa8sp:e separat lzn d ls tance  9 : 1s 
detern~lned ra the-  5 ~ l b ; e ~ t l v ~ ;  v . H;i? ~t i o l l o w s  
these p r l n c l p l e s :  
1:. The d is tance  cannot be too  l a r g l  as ;or ,nest 
sample l i n e s  t o  pass throuyh t h e  w l r rs :  ,. . 
A ,  She d ls tance  shou:2 no t  be t c z  small  so t h a t  
ttae l n t e r s e c t l ~ n s  2 4  :t!e srrrpiE : l i , es  and t h y  
w l r r s  can genera l l y  be r rca rde?  li-.Zel;a.?de.i: c+ 
each other-. 

The num:bar of t h e  sample i l n e s  tha t  nerd t a  be 
ta:en s h o ~ ~ l d  nat  be too  small .  T a  ?a?-antee the 
r e l i a b i l i t y  , we genera l l y  r e q u l r e  N.=5, where N 
i s  t n r  number o i  t h e  sampli. l l r , r s .  

The p r e - c l a s s i f ~ c a t i o n  l e a l s  on:y w l t h  t h e  
sample p o i n t s  and each sample l i n e  i s  analysed 
independent ly  ( t h i s  could b r  done p a r a l l e l l y  ). A 
grey l e v e l  tbreshe31d DO depsndent on t ra l rn lng  i s  
used. Since cur zn te res t  1s t o  f l n d  the  p o s s i b l e  
"over l y  h o t "  p o i n t  . on ly  those p o i n t s  whose grey 
l e v e l s  a r e  above GG a r e  taken l n t o  cons idera t ion ,  
i .~ .  G ( X , Y ) >  OO where G(X.Y) 15 t h e  grey l e v e l  
o f  the  p c l n t  ( X , Y )  . knntk,e,- knowledge 1s a l s ~  
u t i l i z e d  here---the th ickness of the  wlre. Based 
on t r a i n i n g ,  we can determing an average th ickness  
parameter W of t h e  w l res  i n  t h e  pictures. Act- 
u a l l y  , t h e  th ickness o i  t h e  w i re  does n o t  va ry  
g r e a t l y  , whlch shoe: c e r t a i n  s t a b l l ~ t y  i n  t h e  
value of W. 

On each sample l i n e  , t h e  a lgor l th$a  searches t n e  
s t r i n g s  of consecutive p o i n t s  whose grey l e v e l s  
a r e  a l l  above GO . THe coordinates of t h e  f i r s t  
p o i n t  of each s t r i n g  i s  recorded. Th is  i s  c a l l e d  a  
c l u e  p o i n t .  

A s t r i n g  S on LI can be represrnted as: 
s ~ = { ( x ~ . Y ~  '(G'YI .Y )&Go Y =Vb+l. 
1  =I , 2 , .  . . ,",3 C X l  ,??I*, ; <,&j' 

where M i s  t h e  s t r l n g  leng th  . If M W. two o r  
more p o i n t s  i n  t h e  s t r i n g  a r e  recorded . The 

Pig 1 

2 A l o o r l  thm Ana lvs ls  
Z . l  The Sampling and F r e - c l a s s l f l c a : ~ z r  

I t  13 t r u e  IT, a c t u a l  cas t5  tlnat tho  * i r e s  an a  
p l c t u - e  u s u a l l y  pass through t h e  c e n t r a l  areas 
Of t h e  p ~ c t u r e l  , thus  we cen taka  some i l n e s  o i  
Image e l e m ~ r t s  n t t ~ c h  go acrcss t h e  wires as sam- 
p l e s  t o  be analysed ( as showra I n  Fig 2 ). The 
sample l l n e s  a r e  taken from t h e  c e n t r a l  area o f  
t h e  p l c t u r e  . If they a r e  near t h e  p i c t u r e  edge. 
they may p o s s l b l y  miss t h e  w i res  ( as t h e  l i n e  L 
I n  Fig 3 ): For  those w l res  whose absolute s lopes 
a r e  g rea te r  than 1 , the above ment~oned sampllng 
may poss lb ly  miss t h e  ,wires (as shown l n  FIQ 4 1 ,  
and t h l s  w l l l  cause a  f a i l u r e  i n  t h e  recogn l t xon  
o r  t r a c k ~ n g  t o  be discussed l a t e r  . I n  t h ~ s  case. 
we on ly  need t o  change t h e  direction of sampllng 
and take  h ~ r l 2 o n t a l  sample l l n c s  (as t h e  do t ted  
l l n e s  I n  F l g  4 )  , whr le o ther  algorithms remaln 
unchanged . I n  t h e  following discussion , we w i l l  
~ u s t  take  t h e  v e r t l c a l  sample l l n e s  as examples 
t o  demonstrate t h e  a l g o r ~ t h m .  

- 
h c t i o n  

d is tance  between two adJacent c l u e  p o ~ n t s  i n  a  
s t r i n g  i s  W . I f  t h e  d ~ s t a n c e  between two c l u e  
p o i n t s  1s l e s s  than W/2 , t h e  two p o i n t s  a r e  
emerged ~ n t o  one . and t h e  average coordinates a r e  
recorded ins tead  . We can see f r ~ m  t h e  above 
sampling t h a t  even z f  t h e  w l r c  pa,ses through a  
l a r g e  n o i s y  area ( t h e  grey l e v e l s  of many back- 
ground p o i n t s  a r e  above GO ) , s u f f i c i e n t  c lues  
l e a d l n g  t o  a  c o r r e c t  r e c o g n l t l o n  have been 
prgserved , al though some background p o i n t s  may be 
mistaken f o r  c l u e  points. I n  our l a t e r  d ~ s c u s s i o n ,  
we w i l l  show t h a t  these no lse  p o i n t s  can be 
r e j e c t e d  b y  t h e  recogni  t l o n  and t r a c k l n g  
a l g o r i  thm. 

1 

Adaptive 

2.2 Fur ther  Recogni l loo Rased on 
Cnowledqe a r~d  Lonte. t 

&asum~ng t h a t  L1,  L2, ..., Ln be the  sample 
l l n e s ,  and t h e l r  X-coorolnates be X I ,  X2, .... xn 
r a s p e c t l v e l y .  he choose anotper line L O  I n  t h e  
picture t o  be t h e  reference 11ne.For LI ( ~ = l , = , .  
. . , N ) ,  we apply a  knowledge-conteut-supporting 

, k c h i f i c a t i o n  

Wire Image Sampling 
%l ~ e ~ o r ~ s  
' 

Matching - ~ d t i n ~  
L 

- 
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Fig 2 F J q  3 

p a t t e r n  r e c r ~ g n i t i s r ,  a:gcr1th.r t o  i : ?3  tnr b:rrs. 
The knowirdge u t l l : 2 s d  ca? be dracr:ter l  e t  Go!- 
low;: 
i; ;he s lope b' cf t h r  w i r e  s a t : s i ~ e s  

Ik lS  1 (1 -32 :  
For those whose l ~ l & l  . a  r o t a t l o n  ot 51:~' ~ n  

sanlpl l n g  d l r  e c t l o r ,  w i  1: s c l ~ e  t n a  pr-obiem. as 
mrr:tionerl befor?.  
H.. The p o i n t s  on one w l r e  fsrm a  l i n e a r  s t r u c -  
tu re .  I f  some c l u r  po l r t t s  belong t~ one w i re ,  
they must be c o l i n e a r .  

We now take  L1 35 arl e:<am?:e t o  +..:I  OW e l c h  
san8ple l ~ n e  1s analysed . A l l  t h e  c l u e  p o l n t s  0-4 
L: " re  .-c-qenCia!!; analyzed (they ccu ld  be dijne 
p a r a l l e l l y ) .  For each c l u e  p o l n t  ( X I .  Y1) on L l .  
a  search f o r  c l u e  p o i n t s  i s  made i n  range R1 on 
L2, where 

R2=CY1-D-W,Yl+D+Wl (2-(,;) 
Note t h a t  t h e  d l s tance  between L1  and LI: 1s 

D. O b v i o ~ ~ s l y  , t h e  search range has e::ceeded t h a t  
cons t ra ined  by  1k:Is 1  , so i n  f a c t  t h e  a i g o r ~ t h n *  
based on v e r t i c a l  sampling can i i n d  c e r t a i n  
w l r r s  w i t h  abso lu te  s lopes i t  1 somswtgat I a r q e r  
than 1. 

D  and W a r e  sample separat ion d l s tance  and 
t h e  thickness respectively. 

I f  t h e  search f a i l s  t o  f i n d  any c l u e  p o l n t s  
~ n  R2 on L2 , t h e  a lgo r i thm goes cr. t o  t h e  ne.:t  
c l u e  p o i n t  on L 1  and a  slml;ar search 1s  
a p p l i e d  . I f  t h e  search i l n d s  a  c l u e  p o l n t  (X2, 
Y2) I n  H2 , a  l l n e  11 pass lng through i X 1 , Y l i  
and (X2,Y2) can be determined Immediately: 

Y-Yl=K+(X-XI) (2-04) 
where K=(YZ-Yl)/(X2-X1) 1s t h e  s lope of 11. 
11  i s  c a l l e d  a  c l u e  l l n e  whlch mlgnt  b r  t n ~  
e..:pecte? kI -E  . The i - , t e r s - - * i r n  no lne  of 11 
and L i  i i=G.3,4 ,... ,t4) car, be ca !c~~ :s t=d  t.., 
t h e  f o l l o w i n g  formula: 

Yi=Yl+K+(Xi-XI) (i=0,3,4,. . . ,N) 
(2-05) 

where X i  i s  t h e  X-coordinate o f  LI. S p e c i a l l y ,  
t h e  i n t e r s e c t i o n  A=IXO,YO) o f  11 and t h e  r e -  
ference l i n e  LO i s  c a l l e d  a  re fe rence  p o l n t .  

The a l g o r i t h m  then searches I n  RI t o  see 
i f  t h e r e  a r e  any c l u e  po in ts .  where 

Ri-CYi-W/2,Yi+W/21 (i=Z,4,. .. , N j  
(1-06) 

and y i  i s  t h e  Y-coordinate o f  t h e  i n t e r -  
s e c t i o n  p o i n t  (X i ,Y i )  (1=3,4 ,..., N) . For  
t h i s  search, a  precedence parameter P  i s  i n -  
t roduced.? i s  de f ined  as fo l l ows :  

P=P+T (1-07 i 
T  i s  a  search checker which i s  def ined a5: 

T-1--the search f i n d s  a  c l u e  p o i n t  i n  51 
TED--the search f i n d s  no c l u e  p o i n t s  i n  R1 
The i n i t i a l  va lue  of P  1s zero. 0buious:y. 

t h e  p o s s i b l e  maximum value ~ f  F 15 N->,which 
i n d l c a t e s  a  p?cd ma:chlnp w l t h  a  poss:b:e 
w r e .  

When a l l  the rangss fi: ':=3.4,. .. ,N) have 
beer; s e a t - ~ k c ~ j  thrc.~,::,. '.he vs lue  s i  F 1s 
che:;ed. I t  F 8"---wtss-e ?I IN-; 1s tho  taler- 
aP.ze l l in: t w'slcti dependn on the  ra3:rE.ments 
o; t'ie a 1 g r i r i t h . n ' ~  r r : ~ a i : l i  t v - - - + t -  - ,c cssrd-  
lr8ater s f  t r le  re ie rence  p ~ : n t  A (now c a l l e d  
a c a n d ~ d a t r )  and i t s  i c - r t i c s r d : r p  para- 
meter-; t as wel; as r n r e  t-er;r3s6 {The 6;tc 
s t r u c t ~ l r e  c i  t h r  rEci jrd a : i l  Le disius;cd 
la:er; . Here k 1s t l i l  ave-aae s i o p r  04 t h e  
1 1 r . e ~  i o r m ~ d  bv ( Y 1 , Y i I  . I: 1s calc,.tlated 
based cn Li lSE p r - inc lp l s :  

where y. 7 a r e  t h e  mean values of  X i  and Yi 
 respective;^. n  15 t n e  number of c l u e  p o l n t s  
found i n  R1. 

Nsxt t h e  a lgo r i thm r e t u r n s  t o  R 2  and 
resumes ~ t s  search f o r  more c l u e  po ln ts .  
3 l t n i l a r i v .  ,narc. c lues n a v  be recorded . and 
sc. di g ~ t  i A 1 . l  i . F l 1 ,  ( i 2 . k Z . F . 2 ) .  
(FiZ,kS,F'?), . . . 

When RL has beEn searched through. t h e  
a lgo r i thm t u r n s  t o  t h e  ne? f t  c l u r  p o i n t  on 
L1, and a p p l l e s  t h e  same search as men- 
t i o n e d  above. When L1 1s f i n i shed ,  s lm l  l a r  
a n a l y s i s  1s mads t o  LZ,L.Z,.. . ,Ln . Before 
recording t h e  data, t h e  a l g o r i t h m  f l r s t  
checks through t h e  database t o  see ~f t h e  
present  data 1s a l ready I n  f i l e .  New data 
i s  added i n t o  t h e  records . I f  A1 i s  t o o  
c l c s c  t: A j  . we pen- ra l l y  regard  them as 
l d e n t l c a l .  So i s  w l t h  YI and t j .  

Ti:= L.I_.?i( S ' . - L ' ~ k _ l i i  5' t.75 76:;r< ?.?Gel 
i s  shown as i o l l o w s :  

Fs ahowrt i n  FIG 5 , there  two Items f o r  eacti 
candldate . One i s  i t s  Y-coord~nate.the other  
the  slope.We assume t h a t  Pl>P2,>. . .,>PI. 

From what ha5 been dlsz.\ssed abcv+, w e  know 
t h a t  ev'en li ssme pu:nts on a  w l r r  a re  corrup- 
ted by no lse  --- their G i X , V ) s  are below Gc.8 
( The P o s s l b l l l t y  O i  most Impor t l n t  6amp:e. 
being corrupted i s  small I n  f a c t  )---we car, 
st111 f ~ n d  the  c lues of the h ~ r e s  accord~ng  t o  

the  c o n t e x t i a l  information based on mult l-sample 
a n a l y s ~ s .  As shown i n  F l g  6 . assumln? t h i t  El 
and R h r e  corrupted wh l le  f i i .  P4, 5 5 ,  Bt. 87 
are not. I n  t h i s  case, the  ana lys l s  of L1 and L; 
w i l l  f a i l  t o  f i n d  the  wlre. Nevertheless, the  
ana lys l s  of o ther  sample l i n e s  w i l l  fand the  
candidate A. I f  we l e t  the  to lerance l i m l t  P  be 
4 ,  t he  a lgo r i thm w l l l  f i n d  the  wlre. 

-, -, &.- Cldap?lve t r a c ) . l ? q  an3 f a u l t - d e t e c t l o r  
The t r a c ~ l n g  s t ra tegy  always chooses the  c l u e  

w i t h  ma.:lmunl F' first. So the  tracking order 1s 
1  Z ,  . . . . Now t h a t  the  candldate A1 ar.d the  
slope h are kr,own, the task 1s s:mply t ?  t r a c i  
along t h l s  p o s s ~ b l e  wlre. The e s t l m a t ~ o n  of  t h e  
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ne,?t e.:pected c l u e  p o l n t  ca r  be c l 9en  by  t h r e e  
tcrmvlmr-: 
1' O r i g l n  F ' I -ed lc t lon  

Yn-1.n-a+ i tn -XO)  + i V  ,:-,.,~3 j 

whers X I : ,  arid YO a!.e t h e  coo rd lna ies  of 61. kc -  
1s  t h e  tracking s l o p e  

C~-I=IY~--I-YO) / (Xn-I-XG) , hC,=t 1  
i>-10: 

This +or-milis has a  r a t h e r  j t r l c t  restriction on 
t h e  w l r e ' s  l l n e s r l t y .  
2 .  One-step Prediction 

Yn=hn-I+ (Xn-Xn-i)+Yn-r (Z-11 I 
517.=e X ?  "rid .an-r a r e  E ~ ~ J Z Z ~ ; ' :  111 plct-81-r.  
In - -Xn- i=+ l ,  we bade 
Yn=tCn-r+Yn-I (2-12) 

I t  1s  qLnte  c l e a r  t h a t  t h l s  f o r m ~ ~ l a  p r o v l d e s  a  
very  fie-lbie t r a c k ~ n g .  
3, ):-step P r e d l c t ~ o n  

Yn=t ** IXn-Xn-k) +Yn-k (2-1Z) 
(O i  course, t h e  f l r s t  k -1  p o l n t s  a r e  s t i l l  

de t t - rm~ned by 2 >  o r  1 : ) .  
When t h e  p r e d i c t i o n  p o i n t  (XO,YO) 1s  d e t e r -  

mined, t h e  t r a c k i n g  a l g o r i t h m  searches f o r  
p o l n t s  whose G(X,Y) i s  above GO i n  t h e  range 
CYp-W/:.Yp+W/2? . When such a  p o i n t  Z ( c l u e  
p o l n t )  i s  found, t h e  t r a c k l n g  a l g o r ~ t t ~ m  se- 
., ' _ L  ..: 5 3 - 1 ;+ r : r?  r><  c2-,zecvLl,~e c l - c  p,lnt- 

t , ? a  t l r s t  elmli::? c i  ui.:;:: I; :. Tne ;sr l t ral  
p o s i t l o n  o f  t h e  s t r l n g  and t h e  average grey  
l e v e l  o f  t h e  s t r i n g  elements a r e  taken i n t u  
t h e  records.  

We experimented w l t h  t hese  t h r e e  formulas. 
The r e s u l t s  shows: 
A If t h e  w l res  a r e  n o t  so  r e q u i a r  ( n o t  ve ry  
s t r a r g h t  ) ,  t h e  t r a c k l n g  based on 1 ,  sometlmes 
may go wrong. 
H -  I f  t h e r e  1s l l n e a r  backgrou;id no:se t h a t  
1s  q u l t e  near o r  connects  t h e  w l res  ( p a r t i -  
c u l a r l y  th^c,e w l t h  s l opes  a-cand t h e  va lue  or  
C ) ,  t h e  t r a z k l n g  based 07 2 - sometlmes mlght  
be n ~ ~ l a d .  
C: For,n.tla 7 .  can a v o i d  t o  cmr ta ln  e : ! t r n t  
thc. shortcornlngs o f  ttok for-mrl- two. I t  i'eeps 
t h e  q u a l t t y  o f  I l n e a r l t y ,  and t h e  f : e ! * l b l l l t y  
or  ad ; rp tab l i ~ t y  as w e l l .  Thits ~t ~ t v e s  a  b e t -  
t e r  resb.,lt (See F l g  7 ) .  

T h e  "Ab~o rn .e l  Case i?eai1ngv deal; w i t h  t h e  
r a e c  o i  t r ac l .  m i s - ~ n g .  I f  n n  c ; ~ e  poiimts a rE  
fo~,r;d,  t h e  algrrr .~t t ,m goes or! t o  search a , r io r -  
t o  t h e  f o rmu la  , j u s t  as z f  t h e  p r e d l c t l o n  
p o i n t  wore t h e  c l u e  p o l n t .  E:ut ~t s t a r t s  t o  
count  t h e  f a i l u r e  tl.nes. When t h e  consscu t l ve  
f a i l u r e  t l rnes exceeds c e r t a l n  bound, o r  lf 
k h e r e  a r e  t o o  many S L : C ~  cases as t r a i i  

m l5s lng  , the  algor lth,;, w ~ !  l ~ s r b j  t t i e  pl-e- 

EE-nk t r a c k l n g  and t u r n s  t o  t he  n r : : > o r . s .  
when a wire 1s tr-acked ode?, t h e  abera?c 

grey  l e v e l  E and t h e  cor respondlny  (mean- 
square-er ror  d a r e  c a l c u l a t e d .  I f  

G(%,Y)-EZC*V (2-14) 
where G(X,Y) 1s t h e  grey  l e v e l  o f  t h e  r e -  
corded p o i n t  , and C i s  t h e  ccn f i dence  co- 
e f f i c i e n t  dependent on s p e c i f  l c  r e -  
q l r emen ts  , t h e  p resen t  p o i n t  i s  . r ega rded  
as a  f a u l t  p o l n t  and c o r r e s p o n d ~ n y  da ta  1s  
p r i n t e d  ou t .  

S l n ~ c -  t h e  h igh - tenc i cn  w l res  at-? p3ca l -  
l e l ,  t h e i r  s l opes  a r e  g e n e r a l l y  t h e  same o r  
v e - g  e l u s e  t s  each s1.r.e.- . i,,,.;, ,ul-a i  r-: 
wlr-e 1 s  inspected ovrt-  , the  l r t i ~ r . l , d t l ; ? r t  
I m p l i e d  i n  i t s  s l o p e  K m a y h e l p  reduce 

t h e  search f o r  a  nex t  w i r e  . We use t h e  
knowledge t o  i nc rease  ( o r  even maximize ) 

t h e  precedence o f  those c l u e  p o l n t s  whose 
K a r e  i d e n t ~ c a l  o r  c l o s e  t o  F . When two 
o f  t h e  w l r e s  a re  i nspec ted  , we can almost 
c o n f i r m  t h a t  k: 1s t h e  r i g h t  s l ope  of t h e  
expected w l r e s  . So more measure3 can be 
t aken  t o  rpd#.ice t h e  search i+ necea5.2ry 
( e.g. when t< 1s c o n f ~ r m e d ,  t h e  a lgo r i t h l r i  
n e x t  o n l y  searches those w l t h  t h ~  s l u 9 e  
K . T h l s  w i l l  s u r e l y  reduce t h e  search 
g r e a t 1  y  ) . 

I f  no  w l r e s  a r e  f c ~ t n d  t h e  a! o r l t h m  
w l l l  change t h e  sampllnG d l r e c t ? o n  ane 

adopt h o r l z o c t a l  sample l l n e s  . S ~ n l l a r l y ,  
a r e c o g n l t l o n  and t r a c k l n g  1s  a p p l ~ e d .  

: Di scuss l  on and Concl us1 on 
Frsm t h e  above d15cussion , we can see 

t t , a t  t h e  e lg l j r i t t rm  based on mu1 t i  -531npls 
a n a l y s i s  has t h e  f 0 l i ~ ~ l n g  f e a t u r e s :  
1 .  Slncs. sample a r . a l y s ~ s  i s  ~ n t r o d u c e d ,  

c s m p v t a t ~ o n s  ~ n d o l v e d  have bee-, redvcec' 
great1.f  , and a  q8.tl;k mr t ch lny  i s  ob- 
t a l ned .  I n  a c t ~ t a l  e::Ferlmont, f o r  a  512 51: 
l ~ a q r  , a /e rags l y  speak lng , e maCchlny 1s  
f;n:shaa w : th l n  a i e i  seconds I r r a : l s s l j  
or: IBPl-PC/ < T  ) . 

2 .  Wl th  t h e  he lp  o i  knowledqr and con- 
t o ~ t l s l  l n f  ~ r m a k l o r i  , t t e  a l g s r l  tnm can 
s u c r r s s i u i l  f r e j e c t  q u l t e  nlany n o l s e  
p o l n t s  and d a t e c t -  t h e  w l r e s  O L I ~  of  t h e  
bacvgrovnd . I n  a c t u a l  e: :per imrt i ts , i t  
sho*rs lmpr r s s l r e  r e l ~ a b i l l t y  which i s  
v e r y  lmpu r tan t  i n  practical a p p l ~ c e t i o n .  

7 > The a l c o r l t h m  does n c t  cons~lmo much 
of t h e  comp8.1trr s memory ( o n l y  c a r t a l n  
lmpot-t .wt c o ~ l r d i n a t e s  , e t c ,  a r e  s t o r e d  ) .  

Thus , l t  can e a s ~ l y  be r e a l ~ s e d  on mlcro-  
ccmput r rs .  

4 TF,P r e c o g n l t  i ~ r i  c3r, b~ made m~lch 
mcr-i, qi l l c l  i y  l f  p a r a l l e l  operat lol- I  1s  
1 r~ t . r ud~ l c rd  , f o r  a  l a r g e  p a r t  o f  t h e  com- 
p u t a t l o n s  cou ld  be done p a r a l l e l  1  y. 
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