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A b s t r a c t 

A system of programs has been c o n s t r u c t e d to 
process the t e l e v i s i o n image o f a h y b r i d c i r c u i t * 
This system i s capable o f " i n s p e c t i n g " the c i r c u i t 
image r e g a r d i n g d e f e c t s . To achieve t h i s a proce
d u r a l model o f the c i r c u i t i s developed. The 
computer "sees" the image and i n t e r p r e t s what It 
sees w i t h the procedures i n the model. I n t h i s 
manner i t i s able t o determine c e r t a i n I m p o r t a n t 
c h a r a c t e r i s t i c s o f the image i n i t s view. I t 
appears t h a t t h i s procedural approach can be use
f u l t o many domains o f v i s u a l image processing 
and o b j e c t r e c o g n i t i o n . 

1 . I n t r o d u c t i o n 

One stage of the m a n u f a c t u r i n g process of 
h y b r i d c i r c u i t s which i s not automated i s a v i s u a l 
i n s p e c t i o n o f these c i r c u i t s , t i l l s paper describes 
the development of a system to demonstrate automa
t i o n o f v i s u a l I n s p e c t i o n b y u s i n g the techniques 
o f computer v i s i o n , and i n p a r t i c u l a r , the p r i n 
c i p l e o f procedural models. 

H y b r i d c i r c u i t s are b u i l t o n a r i g i d , i n s u 
l a t i n g s u b s t r a t e , g e n e r a l l y some ceramic m a t e r i a l . 
R e s i s t o r s and conductors are p a i n t e d on u s i n g 
p a i n t s , which, when d r y , have d i f f e r e n t 
r e s i s t i v i t i e s . T r a n s i s t o r s , c a p a c i t o r s , and 
i n t e g r a t e d c i r c u i t s are then mounted w i t h e i t h e r 
s o l d e r o r g l u e . F i n a l l y , w i r e s are a t t a c h e d 
which make the connection t o some s o r t o f 
ho l d e r -

I n h y b r i d c i r c u i t s f a c t o r i e s , the v i s u a l i n 
s p e c t i o n is g e n e r a l l y performed by p e e r i n g through 
microscopes. One major purpose of the human i n 
spectors i s q u a l i t y c o n t r o l . I t I s d e s i r a b l e t o 
determine not o n l y i f a c i r c u i t I s d e f e c t i v e , but 
why i t i s d e f e c t i v e s o t h a t c o r r e c t i v e measures 
may be taken. Another Important use f o r v i s u a l 
i n s p e c t i o n i s t o d e t e c t d e f e c t s i n p a r t i a l l y com
p l e t e d products so t h a t the d e f e c t i v e p a r t may be 
r e j e c t e d e a r l y i n the assembly process, b e f o r e I t 
has become p a r t of a much l a r g e r and consequently 
more expensive p r o d u c t . 

The I n s p e c t o r s check f o r m i s s i n g , misplaced or 
m i s o r l e n t e d p a r t s , bad s o l d e r bonds, e t c . This I n 
s p e c t i o n has not been automated p r e v i o u s l y because 
the manufacturing process I n t r o d u c e s numerous i r 
r e g u l a r i t i e s i n normal c i r c u i t s . For I n s t a n c e , i n 
the s o l d e r i n g process the s o l d e r r o s i n may f l o w i n 
u n p r e d i c t a b l e ways, d i s c o l o r i n g the s u b s t r a t e and 
producing extraneous edges. 

*Research supported by the J o i n t Services Elec
t r o n i c s Program (U.S. Army, U.S. Navy, U.S. A i r 
Force) under Contract DAAB-07-72-C-0259. 

The f i r s t o b j e c t i v e o f the development of the 
c i r c u i t i n s p e c t i o n system was to p r o v i d e a c o n t e x t 
i n which t o examine the p r i n c i p l e o f p r o c e d u r a l 
models. The system provides t h i s c o n t e x t in three 
d i f f e r e n t ways: 

1) I n s p e c t i o n provides an a p p l i c a t i o n of the top-
down approach to v i s i o n , and of the p r o c e d u r a l 
models which i n c o r p o r a t e s t h i s approach. 

2) The problem of r e - t r a i n i n g the system f o r i n 
s p e c t i o n o f v a r i e d c i r c u i t s provides a n e x e r c i s e 
in automatic g e n e r a t i o n of procedural models. 

3 ) The f a c t t h a t i d e n t i f i c a t i o n o f c e r t a i n c i r c u i t 
components may be dependent on the i d e n t i t y of 
n e i g h b o r i n g components provides an i n s t a n c e to 
make use of the power of p r o c e d u r a l models where
by one model may c a l l another model f o r a s s i s t a n c e . 

Another o b j e c t i v e was to develop a system 
which could run under "reasonable" assembly l i n e 
c o n d i t i o n s . Since h y b r i d c i r c u i t assembly l i n e s 
have c o n s i d e r a b l e accuracy in p o s i t i o n i n g , a cer
t a i n amount of p r e d i c t a b i l i t y was assumed in loca
t i o n o f the c i r c u i t . I t i s also reasonable t o 
assume a degree o f c o n t r o l over d i r e c t l i g h t i n g , 
but c o n t r o l over ambient l i g h t c o uld not be assumed 

2. Basic C h a r a c t e r i s t i c s of t h e System 

The h e a r t of the system is a p r o c e d u r a l model. 
This model c o n s i s t s o f the o v e r a l l c i r c u i t model 
and s e v e r a l component models. The system under
stands the c h a r a c t e r i s t i c s of each type of compo
nent v i a the component models; w h i l e i t under
stands the t o p o l o g i c a l and s t r u c t u r a l r e l a t i o n s h i p s 
v i a the c i r c u i t model. 

The o p e r a t o r p o s i t i o n s a c i r c u i t under the 
lens of the t e l e v i s i o n camera and s t a r t s the system 
which takes f i v e p i c t u r e s : two g r e y - s c a l e p i c t u r e s 
w i t h the l i g h t s turned a t d i f f e r e n t angles, and 
t h r e e w i t h c o l o r f i l t e r s . These f i v e p i c t u r e s are 
st o r e d o n d i s k f i l e s f o r convenient l a t e r r e f e r e n c e 
The o p e r a t o r then uses g r a p h i c s to s p e c i f y the 
c i r c u i t d e t a i l s . 

The o u t p u t o f the i n i t i a l i z a t i o n phase Is a 
model f o r the e n t i r e c i r c u i t . This model Includes 
a d a t a s t r u c t u r e and a c o n t r o l s t r u c t u r e in combi
n a t i o n which when compiled and loaded become the 
i n s p e c t i o n phase of the system. 

I n the i n i t i a l i s a t i o n o f the system another 
p i c t u r e , r e p r e s e n t i n g the hue, i s computed from 
the t h r e e c o l o r p i c t u r e s and s t o r e d . Another p l c -
u r e , the "masked d i f f e r e n c e " p i c t u r e used i n the 
w i r e f i n d i n g a l g o r i t h m Is a l s o computed and s t o r e d 
a t t h i s t i m e . 

Since w i r e s can obscure o t h e r components, 
they must be I d e n t i f i e d p r i o r t o any oth e r compo-
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n e n t s . Thus, w i r e s a r e l o c a t e d f i r s t and t h e i r 
l o c a t i o n s remembered f o r t h e o t h e r component models 
t o check. 

3. P r o c e d u r e s a s Models f o r V i s u a l O b j e c t s 

T h i s s e c t i o n c o n t a i n s a d i s c u s s i o n o f some o f 
t h e problems a s s o c i a t e d w i t h t h e c r e a t i o n and use 
o f models f o r v i s u a l o b j e c t s and p r e s e n t s the con
c e p t o f " p r o c e d u r a l m o d els." When u s i n g such mod
e l s , r e c o g n i t i o n o f a n o b j e c t becomes e q u i v a l e n t t o 
e x e c u t i n g t h e a p p r o p r i a t e model. I n s t e a d o f h a v i n g 
a m u l t i p l i c i t y o f models f o r o b j e c t s s t o r e d i n a 
d a t a base and some g e n e r a l p u r p o s e program f o r 
c h o o s i n g and u s i n g t h e s e m o d e l s , t h e models them
s e l v e s a r e programs. 

P r o c e d u r a l Models i n t h e C i r c u i t I n s p e c t i o n Problem 

I n t h e a n a l y s i s and i n s p e c t i o n o f h y b r i d c i r 
c u i t s , p r o c e d u r a l models can become i n v o l v e d a t 
t h r e e d i f f e r e n t l e v e l s : i n component r e c o g n i t i o n , 
t h a t i s , a n s w e r i n g t h e q u e s t i o n " i s X a r e s i s t o r ? " , 
i n c i r c u i t r e c o g n i t i o n , a n s w e r i n g " i s t h i s c i r c u i t 
what i t s h o u l d be," and i n a c o m b i n a t i o n o f t h e s e , 
c o m p o n e n t / c i r c u i t i d e n t i f i c a t i o n w i t h a s y m b o l i c 
model. ( I n t h i s s e c t i o n , program examples w i l l be 
p r e s e n t e d i n a meta-language f o r ease o f r e a d i n g . 
I n f a c t t h e y are n o t i m p l e m e n t e d i n t h i s f o r m . ) 

Component R e c o g n i t i o n 

I n a r e s i s t o r model d a t a I s passed i n t h e f o r m 
o f p o i n t e r s t o p i c t u r e p o i n t s and what t h e i n t e n 
s i t i e s s h o u l d b e a t t h o s e p o i n t s R e s i s t o r s a r e 
t h e s i m p l e s t o f t h i s t y p e o f model. O t h e r more com
p l e x mode]s make use o f backup, c o l o r i n f o r m a t i o n , 
r e g i o n g r o w i n g , e t c . 

A n o t h e r more d i f f i c u l t p r o b l e m a r i s e s when t h e 
appearance and/or l o c a t i o n o f t h e component c a n n o t 
b e known i n advance. I n t h a t case, t h e model must 
f i r s t l o c a t e the d e s i r e d o b j e c t and t h e n i n s p e c t i t , 
o r , i n f a i l i n g t o s u c c e s s f u l l y l o c a t e i t , r e p o r t i t 
m i s s i n g . T h i s p r o b l e m a r i s e s i n t h e h y b r i d c i r c u i t 
i n s p e c t i o n system i n t h e case o f w i r e s . 

C i r c u i t V e r i f i c a t i o n 

The second t y p e o f model i s s i m i l a r t o the 
f i r s t , i n t h a t t h e c i r c u i t I s d e s c r i b e d i n terms o f 
a c o o r d i n a n t - b a s e d model. I n t h i s c a s e , t h e c i r 
c u i t model m i g h t l o o k l i k e t h i s : 

PROCESS CIRCUIT(X)«BEGIN 
%x i s assumed t o p o i n t t o a l i s t s t r u c t u r e 

d e s c r i b i n g where components s h o u l d b e l o c a t e d . 
The p r o c e s s FINDCOMP a n a l y z e s t h i s s t r u c t u r e t o 
s e l e c t a d e s c r i p t o r and r e t u r n s i t % 

DECLARE OWN Y; 
Z<---
RTEST:BEGIN 

DECLARE BACKUP TRUE: 
Y<--- FINDCOMP(RESISTOR,X); 
IF Y EQL FALSE THEN LEAVE RTEST WITH TRUE; 
IF NOT RESISTOR(Y,IMAGE) THEN FAIL;END; 

IF Z EQL FALSE THEN BEGIN 
TYPE('DEFECTIVE RESISTOR AT'); 
TYPE(GETPROP(Y.XCOORD),','.GETPROP 
(Y,YCOORD));END; 

END 

T h i s s i m p l e p r o c e s s uses backup i n a l i m i t e d 

form t o v e r i f y a l l the r e s i s t o r s o n a c i r c u i t 
board. The l i s t c o n t a i n i n g the d e s i r e d l o c a t i o n s 
of the r e s i s t o r s is passed as an argument, X. 
FINDCOMP f i n d s an e n t r y on X which has been marked 
as d e s c r i b i n g the l o c a t i o n of a r e s i s t o r . FINDCOMP 
r e t u r n s FALSE when f t cannot l o c a t e any more r e s i s 
t o r s . I f RESISTOR locates a d e f e c t i v e r e s i s t o r , 
i t marks the p r o p e r t y l i s t of i t s argument, Y, w i t h 
the coordinants of the d e f e c t i v e r e s i s t o r and r e 
t u r n s FALSE. I f RESISTOR r e t u r n s TRUE, then the 
c o n d i t i o n a l IF NOT RESISTOR f a i l s , and c o n t r o l 
backs up to the FIND to l o c a t e another component 
t o t r y . 

Symbolic Representation o f C i r c u i t s 

The f i n a l form of procedural model i n the 
case of c i r c u i t a n a l y s i s makes use of a symbolic 
or schematic r e p r e s e n t a t i o n f o r the c i r c u i t and 
performs the a n a l y s i s in terms of t h a t r e p r e s e n t a 
t i o n . I n t h i s case, the problem i s : given a sche
matic r e p r e s e n t a t i o n o f the c i r c u i t , one i n which 
the components are simply described as " R l " f o r 
some r e s i s t o r , e t c . , and given an image of a r e a l 
c i r c u i t which implements the schematic representa
t i o n , perform the c o r r e l a t i o n between the compo
nents of the image and the symbols in the schematic 
r e p r e s e n t a t i o n . 

Let us consider such a r e p r e s e n t a t i o n of the 
c i r c u i t shown below. 

F i g u r e 1 . A S i m p l e C i r c u i t 

PROCESS SYMCIRCIT+BEGIN 
DELCARE BACKUP TRUE; 
R1«-FINDREGI0N(DARK,0) , ' . f i n d any o l d d a r k 
r e g i o n 
F A I L T E S T ( R l ) ; I c a n ' t f i n d o n e , q u i t 
IF RESISTOR(RI) THEN Y1«-FINDREGI0N(ADJACENT, 
R l ) ; 
IF CONDUCTOR(Yl) THEN R2<---FINDREGION (ADJACENT, 
Y1) 
IF RESIST0R(R2) THEN Y3<---FINDREGI0N(ADJACENT, 
R 2 ) ; 
IF CONDUCTOR ( Y 3 ) THEN C1<---FINDREGION(ADJACENT, 
Y 3 ) ; 
IF CAPACITOR(Cl) THEN Y5<---F INDREGION(ADJACENT, 
C I ) ; 
IF C0NDUCT0R(Y5) AND ADJACENT(Y5,R1)THEN 
SUCCEED;END 

T h i s p r o c e s s embeds t h e s t r u c t u r e o f t h e c i r 
c u i t I n t o t h e p r o c e s s w i t h o u t r e s o r t i n g t o d a t a 
s t r u c t u r e s . F i r s t , t h e a s s u m p t i o n I s made t h a t 
t h e d a r k r e g i o n f o u n d i s R l , and search i s made f o r 
r e g i o n s b o r d e r i n g R l w h i c h m i g h t b e t h e c o n d u c t o r 
l e a d i n g t o R2. I n case o f f a i l u r e s , t h e p r o c e s s 
backs up, changes i t s h y p o t h e s i s , and c o n t i n u e s . 
Some o f t h e i n t r i c a c i e s w h i c h c o u l d e a s i l y be added 
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i n c l u d e a more s o p h i s t i c a t e d search, remembering 
p a r t i a l r e s u l t s , r a t h e r than t h i s e s s e n t i a l l y 
d e p t h - f i r s t search. 

A reasonable approach to the problem of gen
e r a t i n g p r o c e d u r a l models i s t o a l l o w the system 
to l e a r n new models by examples. This Is the ap
proach taken in the system implemented and d e s c r i b 
ed in the next s e c t i o n . The model which the system 
generates I s a process d e s c r i p t i o n f o r i d e n t i f y i n g 
t h e v a r i o u s components and checking t h a t those com
ponents are p r o p e r l y l o c a t e d w i t h i n reasonable 
assembly l i n e t o l e r a n c e s . The model i s them com
p i l e d , and can be used to check f o r d e f e c t s on 
o t h e r , s i m i l a r c i r c u i t s . 

4. Componen t Mod e l s 

R e s i s t o r s 

R e s i s t o r s are t y p i c a l l y so dark as to have no 
s i g n i f i c a n t c o l o r but can b e d i s t i n g u i s h e d e a s i l y 
by the f a c t t h a t they are so very dark. They 
u s u a l l y (but not always) have borders which are 
s t r a i g h t l i n e s . They border e i t h e r conductors o r 
the s u b s t r a t e , both of which are b r i g h t regions and 
thus (except when obscured by w i r e s or pads) r e s i s 
t o r s have e a s i l y d i s t i n g u i s h e d borders. 

The setup phase, when t o l d where a r e s i s t o r 
is l o c a t e d checks the i n t e n s i t y of the r e g i o n and 
l o c a t e s the borders. It then sets up the model 
o f the c i r c u i t i t i s b u i l d i n g t o look i n the 
a p p r o p r i a t e places when i t i s i n s p e c t i n g c i r c u i t s . 

The type of c a p a c i t o r f o r which the system was 
developed has two metal p l a t e s at e i t h e r end of a 
r e g i o n of homogenous i n t e n s i t y . 

F i r s t the c e n t r a l r e g i o n o f the c a p a c i t o r i s 
l o c a t e d and i t s c o l o r determined. Then, an o u t 
ward scan is made using the Hueckel [ 6 ] o p e r a t o r 
in an e f f o r t to l o c a t e the end p l a t e s . These metal 
end p l a t e s s u f f e r from the same problems as w i r e s , 
r e f l e c t i o n s . End p l a t e s , however, are p a r a l l e l t o 
each o t h e r , thus when the edge d e t e c t i o n o p e r a t o r 
l o c a t e s a n edge, i t v e r i f i e s t h a t i t i s p a r a l l e l 
to a corresponding edge on the o t h e r s i d e of the 
c a p a c i t o r . In t h i s way, i m p r o p e r l y mounted capac
i t o r s can be d e t e c t e d , as w e l l as those t h a t are 
missing o r d i r t y . 

Wires 

Because w i r e s are f l e x i b l e and can be bent in 
a v a r i e t y o f d i f f e r e n t shapes w h i l e m a i n t a i n i n g 
good c o n t a c t w i t h both l u g s , t h e i r l o c a t i o n I s 
u n p r e d i c t a b l e . I n a d d i t i o n , they are t h r e e -
dimensional in t h a t they may pass over o t h e r compo
nents, thus o b s c u r i n g those components from view. 

Wires are " s h i n y . " (They are e s s e n t i a l l y 
convex m i r r o r s . ) The shiny p r o p e r t y of w i r e s can 
be described as f o l l o w s : 

1) Wires have no c h a r a c t e r i s t i c c o l o r ; t h e i r c o l o r 
i s t o t a l l y dependent o n i n c i d e n t l i g h t and angles 
o f r e f l e c t i o n . 

2) Depending upon the angle of the w i r e , l i g h t 
source, and camera, a w i r e may possess h i g h l i g h t s 
( d i r e c t r e f l e c t i o n of l i g h t source i n t o the camera) 
and n u l l s ( r e f l e c t i o n of a very dark r e g i o n I n t o 

the camera). A w i r e thus t y p i c a l l y appears as a 
set o f l o n g , t h i n b r i g h t areas r u n n i n g i n a more 
or l e s s l i n e a r f a s h i o n from one l u g to another. A 
h i g h l i g h t on a w i r e may pass over a p o r t i o n of the 
s u b s t r a t e which i s w h i t e , and e f f e c t i v e l y merge 
i n t o a r e g i o n o f u n i f o r m ( h i g h ) i n t e n s i t y . 

A n i n t e r e s t i n g c h a r a c t e r i s t i c o f h i g h l i g h t s 
i s t h a t they move when the v i e w i n g angle l a changed, 
or the l i g h t source i s moved. Thus one way t o 
i d e n t i f y a h i g h l i g h t i s t o note i t s motion when the 
l i g h t source i s changed. 

Since a l l the components are g e n e r a l l y i r 
r e g u l a r and n o i s y , i d e n t i f i c a t i o n o f a n o b j e c t 
whose s o l e c h a r a c t e r i s t i c i s t h a t I t r e f l e c t s these 
i r r e g u l a r i t i e s and n o i s e i s n ' t easy. However, 
s i n c e we are g i v e n the s t a r t i n g and ending p o i n t s 
o f the w i r e w i t h reasonable p r e c i s i o n , i t i s pos
s i b l e t o d e t e c t i t . The v i s u a l p r o p e r t i e s d e s c r i b 
ed suggest the f o l l o w i n g a l g o r i t h m : f i r s t , a 
"masked d i f f e r e n c e " p i c t u r e is generated from two 
p i c t u r e s taken w i t h d i f f e r e n t l i g h t i n g angles. A 
new p i c t u r e is c r e a t e d where each p o i n t in the new 
p i c t u r e i s equal t o the absolute value o f the 
d i f f e r e n c e o f corresponding p o i n t s i n the two p i c 
t u r e s . I n t h i s d i f f e r e n c e p i c t u r e , the r e g i o n s 
which are most s i g n i f i c a n t are those in which the 
i l l u m i n a t i o n has undergone a l a r g e change. This 
e f f e c t i s maximum i n the case of n u l l s , h i g h l i g h t s , 
and shadows. The d i f f e r e n c e p i c t u r e is then used 
as a mask to accentuate the h i g h l i g h t s . 

Three r o u t i n e s , WIREFI, WIRE, and MAKEWIRE, 
c a l l each o t h e r i n the w i r e - f i n d i n g process. The 
f l o w o f c o n t r o l i s shown i n the f i g u r e below. 

F i g u r e 2. Flow of C o n t r o l During W i r e - F i n d i n g 

WIREFI sets up the d e s i r e d end p o i n t s between 
which t h e r e should be a w i r e . 

WIRE searches between those end p o i n t s and 
o f f a t d i f f e r e n t angles, u s i n g e i t h e r n o a - p r i o r i 
i n f o r m a t i o n o r p o s s i b l y using " h i n t s " passed from 
MAKEWIRE t o d i r e c t i t s search. I t c a l l s a r e g i o n 
grower to l o c a t e r e g i o n s and makes t e n t a t i v e d e c i 
sions about whether or not a r e g i o n might be p a r t 
o f a w i r e . When i t s search i s completed, WIRE 
c a l l s MAKEWIRE. 
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MAKEWIRE uses h i g h e r l e v e l knowledge t o oper
a t e on the l i s t o f r e g i o n s passed I r o i n WIRE t o 
d e c i d e w h e t h e r o r n o t the i n f o r m a t i o n g i v e n i s 
s u f f i c i e n t t o i d e n t i f y a w i r e . I f t h e r e are l a r g e 
empty spaces between r e g i o n s , i t can c a l l W1REF1 t o 
examine t h e s e spaces i n more d e t a i l . 

One i n t e r e s t i n g p r o b l e m w h i c h a r i s e s i n t h e 
r e g i o n a n a l y s i s i s t h a t o f f i n d i n g t h e e x t r e m a o f 
a r b i t r a r y r e g i o n s . I t i s c o m p u t a t i o n a l l y u n r e a s o n 
a b l e t o compare a l l p o i n t s o n t h e boundary o f a 
r e g i o n , two at a t i m e . A s e a r c h a l g o r i t h m was 
d e v e l o p e d w h i c h u s u a l l y c o n v e r g e s i n t h r e e i t e r a 
t i o n s and r e t u r n s t h o s e two p o i n t s o n t h e boundary 
w h i c h a r e a maximum d i s t a n c e a p a r t . 

P e r f o r m a n c e o f t h e System 

Though t h e system was w r i t t e n i n BLISS, many 
LISP f e a t u r e s were c a r r i e d o v e r . For example, t h e 
f u n c t i o n s CAR, CDR, e t c . , and g a r b a g e c o l l e c t i o n 
were i m p l e m e n t e d i n BLISS f o r t h e sake o f conve
n i e n c e . The use o f l i s t s a l l o w s f o r easy and r a p i d 
i m p l e m e n t a t i o n o f f a i r l y complex d a t a s t r u c t u r e s . 
I n exchange f o r t h i s ease o f d e v e l o p m e n t a l p r o 
gramming, one pays a h i g h p r i c e i n e f f i c i e n c y . 

Because t h e t i m e r e q u i r e d t o p e r f o r m t h e 
v e r i f i c a t i o n depends s o s t r o n g l y o n the c o m p l e x i t y 
o f t h e p a r t i c u l a r c i r c u i t b e i n g a n a l y z e d , i t i s 
d i f f i c u l t t o e s t i m a t e . The most t i m e consuming 
p a r t , t h e w i r e f i n d i n g , w i t h I t s accompanying 
r e g i o n g r o w i n g , t a k e s j u s t under a second f o r a n 
a v e r a g e w i r e , l o n g e r f o r l o n g e r w i r e s . 

The a c c u r a c y o f t h e system i n d e t e c t i n g 
d e f e c t s i s a l s o a f u n c t i o n o f t h e t r a i n i n g p r o c e 
d u r e . S i n c e t h e system o n l y l o o k s where i t i s 
t o l d t o l o o k , i t i s a l w a y s p o s s i b l e t o I n v e n t a 
t y p e o f d e f e c t w h i c h any p a r t i c u l a r model c o u l d 
n o t d e t e c t . I n g e n e r a l , a l a r g e c l a s s o f d e f e c t s 
c o u l d b e d e t e c t e d b y c h e c k i n g t h e w i r e s , t h e 
r e s i s t o r s , and t h e c a p a c i t o r . 
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