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A P P L I C A T I O N  O F  I M A G E  E N H A N C E M E N T  

T O  F F T F  F U E L  T E C H N O L O G Y  

B .  R. H a y w a r d  

A B S T R A C T  

C u r r e n t  t e c h n i c a l  d a t a  a n a l y s i s  and e v a l u a t i o n  methods a r e  

rev iewed.  Image enhancement i s  one of t h e  advanced methods 

which i s  i n  t h e  p r e l i m i n a r y  s t a g e s  of a p p l i c a t i o n  t o  n u c l e a r  

t echno logy .  I n t e r e s t  i n  t h e s e  sys tems l i e s  i n  t h e  e x t r a c t i o n  

of  more d a t a  from s t a n d a r d  n e g a t i v e s  t h a n  i s  p r e s e n t l y  o b t a i n e d .  

A p p l i c a t i o n  of  t h e s e  t e c h n i q u e s  t o  e a r t h  s c i e n c e s ,  med ic ine ,  

and s p a c e  t echno logy  h a s  a l r e a d y  been demons t ra t ed .  T y p i c a l  

t y p e s  of a p p l i c a t i o n  t o  f u e l  work i n c l u d e  X- rays ,  n e u t r o n r a d i o -  

g r a p h s ,  a u t o r a d i o g r a p h s ,  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s ,  and 

pho tomic rographs .  
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T H E  A P P L I C A T I O N  O F  I M A G E  E N H A N C E M E N T  
T O  F F T F  F U E L  T E C H N O L O G Y  

I N T R O D U C T I O N  

A prominent  p r o d u c t  from space  age  t echno logy  i s  t h e  

tremendous growth i n  d a t a  h a n d l i n g  methods.  C u r r e n t  communi- 

c a t i o n s  methods i n  u s e  and i n  development  a r e  r a p i d l y  outgrowing 

f a i r l y  c o n v e n t i o n a l  equipment ,  i n c l u d i n g  t h e  human e y e .  Tech- 

n i c a l  d a t a  a n a l y s i s  and e v a l u a t i o n ,  a s  w e l l  a s  d a t a  h a n d l i n g ,  

a r e  undergo ing  r a p i d  improvement. Many of t h e s e  t e c h n i q u e s  

have been developed f o r  u s e  i n  t h e  f i e l d s  of e l e c t r o n i c s ,  

med ic ine ,  and m i l i t a r y  i n t e l l i g e n c e .  However, r e l a t i v e l y  minor 

a p p l i c a t i o n  of  t h i s  i n f o r m a t i o n ,  such  a s  image enhancement ,  has  

been i n t r o d u c e d  i n t o  t h e  n u c l e a r  m a t e r i a l s  a r e a .  

A r e c e n t  i n d u s t r i a l  j o u r n a l  a r t i c l e  b rough t  t h e  s t a t u s  of  

d a t a  p r o c e s s i n g  t echno logy  i n t o  f o c u s .  T h i s  growth of  

computer s o f t w a r e  development  i s  i l l u s t r a t e d  i n  F i g u r e  1. The 

f i r s t  g e n e r a t i o n  programs s t a r t e d  i n  abou t  1953 and have grown 

th rough  t h r e e  f i v e - y e a r  p e r i o d s  t o  t h e  modern programming 

language .  The computer s o f t w a r e  e v o l u t i o n  i s  toward programs 

t h a t  p r o v i d e  b o t h  wide - range  c a p a b i l i t y  and a n a l y t i c a l  d e p t h .  

F u r t h e r  growth i n  t h i s  a r e a  i n c l u d e s  v i d e o  g r a p h i c s  which p e r m i t  

t h e  m a n i p u l a t i o n  and s i m u l t a n e o u s  d i s p l a y  of d a t a .  

There a r e  t h r e e  methods of  image enhancement i n  t h e  p r e -  

l i m i n a r y  s t a g e  of  i n v e s t i g a t i o n  by B a t t e l l e - N o r t h w e s t  i n  t h e  

F a s t  F l u x  T e s t  F a c i l i t y  Program (FFTF): (1)  p h o t o g r a p h i c ,  

(2)  o p t i c a l ,  and (3)  computer .  

The i n t e r e s t  i n  image enhancement ,  o r  d a t a  expans ion ,  l i e s  

i n  t h e  f i r m  e v i d e n c e  t h a t  s u b s t a n t i a l  a d d i t i o n a l  d a t a  can  be 

e x t r a c t e d  from o r d i n a r y  p h o t o g r a p h i c  n e g a t i v e s .  Many t e c h n i c a l  

programs c o v e r i n g  a  m u l t i t u d e  of s c i e n t i f i c  d i s c i p l i n e s  u s e  

photography a s  a  means o f  r e c o r d i n g  d a t a .  More advanced 
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t e c h n i q u e s ,  a s  you w i l l  n o t e ,  w i l l  bypass  t h e  photograph and 

t r a n s m i t ,  r e c o r d ,  s t o r e ,  and a n a l y z e  t h e  d a t a  d i r e c t l y  from t h e  

s o p h i s t i c a t e d  s e n s o r  such  a s  t h e  e l e c t r o n  microscope  and 

produce  t h e  enhanced n e g a t i v e  a s  a  f i n a l  p r o d u c t .  The image 

enhancement p r o c e s s e s  a t t e m p t  t o  expand t h e  d a t a  t h a t  a r e  

no rmal ly  o b s e r v e d ,  by p r o c e s s e s  such  a s  edge s h a r p e n i n g  and 

f i l t e r i n g  u n n e c e s s a r y  m a t r i x  m a t e r i a l  on t h e  n e g a t i v e .  

On t h e  b a s i s  of a  c u r s o r y  examina t ion  of t h e  c u r r e n t  

s c i e n t i f i c  l i t e r a t u r e ,  it i s  l i t e r a l l y  a s t o u n d i n g  t o  f i n d  a t  

random t h e  h i g h  l e v e l  of  e f f o r t  b e i n g  p l a c e d  on image p r o c e s s -  

i n g .  The a r t i c l e s  and p a p e r s  r e f l e c t  a  v e r y  h i g h  d e g r e e  of  

r a p i d l y  advancing  s o p h i s t i c a t e d  t e c h n o l o g y ,  b o t h  i n  t h e o r y  and 

p r a c t i c e .  E n t i r e  companies and s u b s t a n t i a l  d i v i s i o n s  i n  some 

l a r g e  c o r p o r a t i o n s  a r e  d e v o t i n g  t h e i r  e f f o r t s  t o  t h i s  t e c h -  

nology."  Annual c o n f e r e n c e s ,  such  a s  t h o s e  sponsored  by t h e  

S o c i e t y  of  P h o t o - O p t i c a l  I n s t r u m e n t a t i o n  E n g i n e e r s ,  were 

i n n o v a t e d  i n  t h e  p e r i o d  1965 th rough  1968. ( 2 )  C o n s i d e r a b l e  

equipment  i s  a v a i l a b l e  on t h e  open market  t h a t  pe r fo rms  

v a r i o u s  a s p e c t s  of  image enhancement.  Consoles  f o r  volume 

p r o c e s s i n g  a r e  a v a i l a b l e .  I n  August 1969 a  s h o r t  c o u r s e  i n  

image p r o c e s s i n g  was t a u g h t  a t  UCLA. Most r e c e n t l y ,  h i g h l y  

p u b l i c i z e d  examples of  image p r o c e s s i n g  and enhancement were 

o b t a i n e d  from t h e  M a r i n e r ,  Ranger ,  and Apo l lo  11 space  

programs.  

* Typical groups participating include: Technical Operations, 
Inc.; International Business Machines; Itek Corp.; Conductron; 
Eastman Kodak; Philco Ford; Xerox; General Electric; Informa- 
tion International; National Bureau of Standards; Cornell 
Aeronautical Laboratory; Jet Propulsion Laboratory; M.I.T.; 
Scripps Institute; North American Rockwell; Aerial Recon- 
naissance Laboratory; Wright Air Development Center; 
University of Michigan; Information Technology Corporation; 
Dicomed Corporation; Spatial Data Systems, Inc.; International 
Imaging Systems. 



S U M M A R Y  A N D  C O N C L U S I O N S  

e Image enhancement i s  one of t h e  major  advances  made i n  

d a t a  p r o c e s s i n g  methods by t h e  s p a c e  and d e f e n s e  indus -  

t r i e s .  I t  p r o v i d e s  new methods t o  e x t r a c t  more d a t a  from 

a  p h o t o g r a p h i c  n e g a t i v e .  A s  a  r e s u l t  o f  image enhancement,  

t h e  o r d i n a r y  p h o t o g r a p h i c  n e g a t i v e  can b e  c o n s i d e r e d  on ly  

an i n t e r m e d i a t e  s t e p  i n  o b t a i n i n g  t h e  d e s i r e d  i n f o r m a t i o n .  

e Three  methods of image enhancement,  p h o t o g r a p h i c ,  o p t i c a l  

and computer ,  a r e  c u r r e n t l y  a v a i l a b l e  t e c h n i q u e s  a p p l i c a b l e  

t o  many d i s c i p l i n e s  i n c l u d i n g  m e d i c i n e ,  a g r i c u l t u r e ,  

m i l i t a r y  i n t e l l i g e n c e ,  geo logy ,  a r t ,  and e d u c a t i o n .  

Al though t h e y  have r e c e i v e d  o n l y  c u r s o r y  e v a l u a t i o n  of  

t h e i r  a p p l i c a b i l i t y  t o  t h e  n u c l e a r  i n d u s t r y ,  p h o t o g r a p h i c  

image enhancement i s  now b e i n g  used  v e r y  s u c c e s s f u l l y  f o r  

t h e  examina t ion  of n e u t r o n r a d i o g r a p h s  of i r r a d i a t e d  f u e l  

p i n s  a t  EBR-11. Other  p o t e n t i a l  FFTF u s e s  i n c l u d e  X-rays  

f o r  N D T ,  a u t o r a d i o g r a p h s ,  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s ,  

and me ta l log raphy .  These p r o c e s s e s  have a  l a r g e  p o t e n t i a l  

f o r  i n c r e a s i n g  t h e  q u a l i t y  and q u a n t i t y  o f  d a t a  f o r  a  

minimal  i n c r e m e n t a l  c o s t .  

e A l l  d a t a  p r o c e s s i n g  t h a t  u s e s  photography s h o u l d  i n v e s t i -  

g a t e  t h e s e  new t e c h n i q u e s  i n  o r d e r  t o  o p t i m i z e  t h e  r e s u l t s  

o b t a i n e d .  C o o r d i n a t i o n  between t h e  t e s t  i n i t i a t o r  and t h e  

enhancement a n a l y s t  i s  r e q u i r e d .  Refe rence  s t a n d a r d s  a r e  

recommended. 

m The a p p l i c a t i o n  of t h e s e  new d a t a  p r o c e s s i n g  methods s h o u l d  

be  v i g o r o u s l y  pur sued .  Suppor t  o f  development  i n  t h i s  

a r e a  w i l l  i n c r e a s e  t h e  amount and q u a l i t y  of  i n f o r m a t i o n  

o b t a i n e d  from RGD programs.  



E X A M P L E S  O F  I M A G E  E N H A N C E M E N T  

P H O T O G R A P H I C  

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

The r e p r e s e n t a t i v e  examples t h a t  d e m o n s t r a t e  t h e  c a p a b i l i t y  

o f  p h o t o g r a p h i c  image enhancement a r e  from t h e  s p a c e ,  m e d i c a l ,  

and n u c l e a r  m a t e r i a l s  t echno logy  f i e l d s .  E x c e l l e n t  a d d i t i o n a l  

examples a r e  a v a i l a b l e  f o r  r ev iew from o t h e r  t e c h n i c a l  d i s c i -  

p l i n e s  such  a s  geo logy ,  a g r i c u l t u r e ,  and mar ine  f i e l d s .  The u s e  

of t h i s  p r o c e s s  f o r  i n t e r i m  examina t ion  of i r r a d i a t e d  f u e l  p i n s  

by n e u t r o n r a d i o g r a p h y  f o r  t h e  LMFBR/FFTF program r e p r e s e n t s  

a  major  s t e p  forward  i n  d a t a  i n t e r p r e t a t i o n  t e c h n i q u e s .  An 

i n t e r i m  examina t ion  i s  a  n o n d e s t r u c t i v e  examina t ion  per formed 

a t  p e r i o d i c  i n t e r v a l s .  The p h o t o g r a p h i c  method r e c e i v e d  t h e  

most emphasis  p r i m a r i l y  due t o  a v a i l a b i l i t y ,  c o s t ,  and a p p l i -  

c a t i o n .  During t h e  c o u r s e  of  d a t a  accumula t ion ,  i t  was e v i d e n t  

t h a t  e v e r y  n e g a t i v e  was n o t  go ing  t o  r e v e a l  l a r g e  amounts of  

new d a t a .  I f  t h e  d a t a  a r e  n o t  on t h e  n e g a t i v e ,  t h e y  canno t  be  

e x t r a c t e d .  I t  a l s o  became a p p a r e n t  t h a t  c u r r e n t  p r a c t i c e  i n  

t a k i n g  t e c h n i c a l  i n f o r m a t i o n  g r a d e  p i c t u r e s  r e q u i r e s  s u b s t a n t i a l  

c a r e  and p r e p a r a t i o n .  D i s c u s s i o n s ,  w i t h  t h e  p h o t o g r a p h i c  

e n g i n e e r s  p r o v i d i n g  t h e  p h o t o g r a p h i c  enhancement s e r v i c e ,  (3  , 4) 
i n d i c a t e d  a  g e n e r a l  t echno logy  gap between r e s e a r c h e r s  o r  

development  e n g i n e e r s  and t h e  pho tographer .  Both t h e  q u a l i t y  

and q u a n t i t y  of  d a t a  from a  n e g a t i v e  can  b e  expanded by con- 

s i d e r a t i o n  of  t h e  f o l l o w i n g :  

Optimum p a p e r  t y p e  f o r  t h e  p h o t o g r a p h i c  c o n d i t i o n s ;  

e . g . ,  s m a l l  g r a i n  s i z e  f o r  h i g h  r e s o l u t i o n ,  speed .  

C o r r e c t  exposure  t o  i n c l u d e  a l l  d a t a  o f  i n t e r e s t ;  e . g . ,  two 

o r  t h r e e  s e p a r a t e  exposures  may be r e q u i r e d  (such  a s  w i t h  

X-rays o r  n e u t r o n r a d i o g r a p h s  t h a t  have d i f f e r e n t  



p e n e t r a t i n g  power th rough  d i f f e r e n t  t h i c k n e s s  o r  v a r y i n g  

d e n s i t i e s  o f  m a t e r i a l s ) .  

P h o t o g r a p h i c  c o n d i t i o n s  t h a t  may c a u s e ,  f o r  example,  

r e f l e c t e d  exposure  of  t h e  f i l m  due t o  backup p l a t e s .  

e Optimum c h o i c e  of  l i g h t  o r  s e n s i n g  s o u r c e  such  a s  n e u t r o n  

f l u x  i n t e n s i t y  and c o l i m a t i o n  f o r  n e u t r o n r a d i o g r a p h y .  

a D e n s i t y ,  compos i t ion ,  and d i m e n s i o n a l  s t a n d a r d s  t o  i n c r e a s e  

t h e  a c c u r a c y  o f  measurements and t o  d i r e c t l y  r e l a t e  t o  p r e -  

p o s t  t e s t  r e s u l t s .  

T h i s  l a s t  f a c t o r  i s  t h e  most i m p o r t a n t  because  such  

s t a n d a r d s  a r e  a b s o l u t e l y  n e c e s s a r y  f o r  n o n d e s t r u c t i v e  

t e s t i n g  work. 

The c a p a b i l i t i e s  of t h e  p h o t o g r a p h i c  enhancement t e c h n i q u e  

a r e  shown i n  t h e  s e v e n  examples p r o v i d e d .  T h i s  enhancement 

method e s s e n t i a l l y  s e p a r a t e s  by p r e c i s i o n  photography t h e  g r a y  

t o n e s  o r  d e n s i t y  l e v e l s  t h a t  a p p e a r  on a  n e g a t i v e .  A b r i e f  

d e s c r i p t i o n  of t h e  p r o c e s s  i s  g i v e n  i n  t h e  appendix .  

One of t h e  most d r a m a t i c  examples of  enhanced images i s  

shown i n  t h e  normal  and c o l o r  enhanced images of  s u n s p o t s  i n  

F i g u r e  2 .  Don Ross of  P h i l c o  Ford took  a  h i g h  q u a l i t y  b l a c k  

and w h i t e  p i c t u r e  of  t h e  s u n  showing t h e  f a i r l y  common s u n s p o t s .  

T h i s  n e g a t i v e  was t h e n  image enhanced and r ep roduced  i n  c o l o r  

by a r b i t r a r y  a s s ignment  of c o l o r s  t o  t h e  g r a y  t o n e s  o r  d e n s i t y  

s l i c e s .  The enhanced image r e v e a l e d  major  d a t a  a d d i t i o n s  s u c h  

a s  more s u n s p o t s  f o r m e r l y  e i t h e r  vague o r  unobse rved ,  and a  

s o l a r  f l a r e  on t h e  o u t e r  r i m  a t  abou t  " f i v e  o ' c l o c k . "  

S k u l l  

A second  e q u a l l y  d r a m a t i c  example of t h e  c a p a b i l i t y  of  

p h o t o g r a p h i c  image enhancement comes from t h e  med ica l  f i e l d .  





A normal and enhanced c o l o r  X-ray o f  a  s k u l l  a r e  shown i n  

F i g u r e  3. Among t h e  s p e c i a l  f e a t u r e s  t o  b e  obse rved  i n  t h e  en- 

hanced pho to  a r e :  

The l a y e r s  of  o u t e r  t i s s u e  c o v e r i n g  t h e  s k u l l  

The o u t l i n e  o f  t h e  l i p s  and p a r t  of t h e  nose  

The s m a l l  unknown "loop" on t h e  o u t s i d e  r e a r  of  t h e  head  

The n a s a l  and s i n u s  p a s s a g e s .  

The same d a t a  a r e  p r e s e n t  i n  b o t h  pho tographs  b u t  t h e  enhancement 

p r o c e s s  makes much more d a t a  v i s i b l e  by e l i m i n a t i o n  o f  pho to -  

g r a p h i c  d e n s i t y  l e v e l s  t h a t  mask t h e  key d e t a i l s .  The a r b i t r a r i l y  

a s s i g n e d  c o l o r  t o n e s  f u r t h e r  p e r m i t  t h e  eye  t o  s e p a r a t e  a r e a s  

and edges  t h a t  p r e v i o u s l y  appea red  t o  o v e r l a p  and r e s u l t e d  i n  

judgmental  u n c e r t a i n t y .  S i n c e  t h e  c o l o r  enhanced p h o t o  i n  

F i g u r e  3 i s  a c t u a l l y  a  compos i t e ,  i t  i s  p o s s i b l e  t o  examine 

even g r e a t e r  d e t a i l  by l o o k i n g  a t  t h e  i n d i v i d u a l  t r a n s p a r e n c i e s .  

During t h e  i n t e r p r e t a t i o n  of  t h i s  t y p e  o f  enhancement i t  i s  

recommended t h a t  c o p i e s  o f  t h e  o r i g i n a l  n e g a t i v e  be p l a c e d  s i d e  

by s i d e  w i t h  t h e  enhanced r e s u l t s  t o  c l a r i f y  and conf i rm obse rved  

d a t a .  

The graph i n d i c a t e d  on F i g u r e  3 i s  t h e  t y p i c a l  " c h a r a c t e r -  

i s t i c "  c u r v e  super imposed  on t h i s  example t o  show t h e  normal  

d e n s i t y  r ange  i n  t h e  o r i g i n a l  and t h e  c o l o r e d  " s l i c e s 1 '  t a k e n  

o u t  by t h i s  p r o c e s s  t o  y i e l d  t h e  c o l o r  enhanced r e s u l t .  

I r r a d i a t e d  S t a i n l e s s  S t e e l  

The d e c r e a s e  i n  d e n s i t y  o f  s t a i n l e s s  s t e e l  m a t e r i a l s  i n  a  

f a s t  n e u t r o n  f l u x  envi ronment  i s  one of  t h e  main problem a r e a s  

i n  t h e  FFTF f u e l  t echno logy  program. Under c e r t a i n  c o n d i t i o n s ,  

which a r e  n o t  c o m p l e t e l y  u n d e r s t o o d ,  v o i d s  form i n  t h e  s t a i n l e s s  

s t e e l  and r e s u l t  i n  lower  d e n s i t y .  T h i s  phenomenon i s  b e i n g  

a n a l y z e d  and e v a l u a t e d  i n  o r d e r  t o  u n d e r s t a n d  t h e  mechanisms 



of  v o i d  f o r m a t i o n  ( h o l e s ) .  An o r i g i n a l  e l e c t r o n  microscope  

p i c t u r e  of i r r a d i a t e d  s t a i n l e s s  s t e e l  i s  shown i n  b l a c k  and 

w h i t e  i n  F i g u r e  4 .  This  image was p r o c e s s e d  f o r  image enhance-  

ment i n  b l a c k  and w h i t e ,  and c o l o r .  These r e s u l t s  a r e  shown i n  

F i g u r e  5.  

As i n  t h e  p r e v i o u s  images of t h e  s u n s p o t s  and t h e  s k u l l ,  

a d d i t i o n a l  d a t a  were obse rved  and conf i rmed t h a t  were n o t  

a v a i l a b l e  i n  t h e  o r i g i n a l  o b s e r v a t i o n  i n  F i g u r e  4 .  F o u r t e e n  

s e p a r a t e  d e n s i t y  s l i c e s  were r educed  t o  i n d i v i d u a l  t r a n s -  

p a r e n c i e s .  Four of  t h e s e  a r e  shown i n  F i g u r e s  5a ,  Sb, Sc,  and 

5d. A compos i t e  o f  f o u r  i n t e r m e d i a t e  d e n s i t i e s  i s  shown i n  

F i g u r e  Se. The composi te  shows a  s t r o n g e r  image t h a n  one 

nar row s i n g l e  d e n s i t y  " s l i c e . "  The most i m p o r t a n t  o b s e r v a t i o n s  

a r e  shown i n  5c  and 5e where two c o n c e n t r i c  o v a l  shaped  r i n g s  

a p p e a r  n e a r  t h e  c e n t e r  of  t h e  image. I t  i s  b e l i e v e d  t h e s e  

r i n g s  a r e  r e l a t e d  t o  d i s l o c a t i o n  loop  f o r m a t i o n ,  movement, and 

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

a n a l y z e d .  The c o n c e n t r i c  r i n g  phenomena a r e  a c t u a l l y  l i m i t e d  

t o  a  few d e n s i t y  i n t e r v a l s  n e a r  t h e  c e n t e r  of  t h e  " c h a r a c t e r -  

i s t i c  curve"  and a r e  n o t  even s u s p e c t e d  i n  t h e  o v e r a l l  compos i t e .  

I n  a d d i t i o n ,  t h e  l i n e u p  of  m i c r o s t r u c t u r a l  d e t a i l s  was r e i n -  

f o r c e d  by t h e  d a t a  i n  t h e  enhanced image. T h i s  i s  a n o t h e r  

example t h a t  i l l u s t r a t e s  t h e  need t o  compare t h e  enhanced r e s u l t s  

w i t h  t h e  o r i g i n a l  n e g a t i v e  t o  b e s t  i n t e r p r e t  t h e  r e s u l t s .  

F u e l  P i n  Neu t ronrad iography  

D r i v e r  f u e l  p i n s  f o r  t h e  EBR-I1 f a s t  r e a c t o r  a r e  made by 

c a s t i n g  a  uranium a l l o y  c o n t a i n i n g  %5% o f  f i s s i o n  p r o d u c t  

e l emen t s .  The p i n s  a r e  0.155 i n .  diam and %13-1/2 i n .  l o n g .  

The f u e l  p i n s  a r e  c l a d  i n  t h i n - w a l l e d  s t a i n l e s s  s t e e l  t u b e s  

and c o n t a i n  a  0.006 i n .  sodium bond between t h e  f u e l  and t h e  

c l a d .  I t  i s  i m p o r t a n t  t h a t  t h e s e  p i n s  meet s t r i n g e n t  q u a l i t y  

c o n t r o l  s p e c i f i c a t i o n s .  S i n c e  f a s t  r e a c t o r  f u e l  per formance  











t echno logy  i s  new, d a t a  a r e  s t i l l  be ing  c o l l e c t e d ,  e v a l u a t e d ,  

and i n t e r p r e t e d  th rough  p r e i r r a d i a t i o n ,  i n t e r i m ,  and p o s t -  

i r r a d i a t i o n  e x a m i n a t i o n s .  

Four  r e c e n t  d r i v e r  f u e l  p i n s  were examined by n e u t r o n -  

r a d i o g r a p h y  a t  an i n t e r i m  exam and t h r e e  p i n s  showed a  

d e c r e a s e  i n  l e n g t h  a s  g r o s s l y  i n d i c a t e d  i n  t h e  o r i g i n a l  

n e g a t i v e  i n  F i g u r e  6a.  The n e u t r o n r a d i o g r a p h  was t h e n  

p h o t o g r a p h i c a l l y  image enhanced by Lohse of P h i l c o  Ford t o  

show i n t e r n a l  f u e l  p i n  f l a w s .  One g r o s s  f l a w  was i n d i c a t e d  

i n  t h e  bot tom p i n  on t h e  unenhanced o r i g i n a l  n e u t r o n r a d i o g r a p h .  

F i g u r e  6b shows t h e  enhanced images w i t h  a d d i t i o n a l  f l a w s .  

A f t e r  e i g h t e e n  s e p a r a t e  p h o t o g r a p h i c  d e n s i t y  i n t e r v a l s  were 

p roduced ,  i t  was e v i d e n t  t h a t  numerous s m a l l e r  f l a w s  were 

p r e s e n t  i n  t h e  same r o d  and s i m i l a r  minor  f l a w s  a r e  shown i n  

t h e  o t h e r  two s h o r t e n e d  p i n s .  These f l a w s  have been i d e n t i -  

f i e d  by d e s t r u c t i v e  examina t ion  t o  be s h r i n k a g e  c a v i t i e s .  

Even though t h e s e  f l a w s  a r e  n o t  b e l i e v e d  t o  be r e l a t e d  t o  t h e  

f u e l  p i n  s h o r t e n i n g  p r o c e s s ,  t h e s e  p a r t i c u l a r  p i n s  p r o b a b l y  

would have been r e j e c t e d  by t h e  q u a l i t y  a s s u r a n c e  program i f  

t h e y  had been obse rved .  The f i v e  d e n s i t y  i n t e r v a l s  of  t h e  

same f u e l  p i n s  a r e  shown i n  F i g u r e s  7a,  7b, 7c,  7d, and 7e,  

and i n d i c a t e  d e n s i t y  i n t e r v a l s  f rom under -  t o  overexposed  

c o n d i t i o n s .  The c e n t r a l  p r i n t  7c (same a s  6b) i s  t h e  

optimum d e n s i t y  s l i c e  t o  r e v e a l  t h e  f l a w s .  Note t h a t  t h e  

p r i n t  showing t h e  most  f l a w s  does n o t  show a s  much d i a m e t e r  

d e t a i l  a s  t h e  o t h e r  d e n s i t y  i n t e r v a l s .  The o u t s i d e  s u r f a c e  

o f  t h e  p i n s  ( d i a m e t e r )  i s  r e p r e s e n t e d  by a n o t h e r  d e n s i t y  l e v e l  

and does a p p e a r  i n  o t h e r  n e g a t i v e s  i n  t h e  s e r i e s .  The 

o b s e r v e r  may u s e  d i f f e r e n t  d e n s i t y  i n t e r v a l s  o r  combina t ions  

of  d e n s i t y  i n t e r v a l s  f o r  o t h e r  d a t a ,  such  a s  d imens ions .  I t  

s h o u l d  be n o t e d  t h a t  t h e  d i f f e r e n t  p h o t o g r a p h i c  d e n s i t i e s  on 

t h e  n e u t r o n r a d i o g r a p h  a r e  due t o  t h e  d i f f e r e n c e  i n  n e u t r o n  

c r o s s  s e c t i o n  between t h e  s t e e l  c l a d  and t h e  uranium f u e l .  



t echno logy  i s  new, d a t a  a r e  s t i l l  b e i n g  c o l l e c t e d ,  e v a l u a t e d ,  

and i n t e r p r e t e d  th rough  p r e i r r a d i a t i o n ,  i n t e r i m ,  and p o s t -  

i r r a d i a t i o n  e x a m i n a t i o n s .  

Four r e c e n t  d r i v e r  f u e l  p i n s  were examined by n e u t r o n -  

r a d i o g r a p h y  a t  an i n t e r i m  exam and t h r e e  p i n s  showed a  

d e c r e a s e  i n  l e n g t h  a s  g r o s s l y  i n d i c a t e d  i n  t h e  o r i g i n a l  

n e g a t i v e  i n  F i g u r e  6a.  The n e u t r o n r a d i o g r a p h  was t h e n  

p h o t o g r a p h i c a l l y  image enhanced by Lohse of  P h i l c o  Ford t o  

show i n t e r n a l  f u e l  p i n  f l a w s .  One g r o s s  f l a w  was i n d i c a t e d  

i n  t h e  bot tom p i n  on t h e  unenhanced o r i g i n a l  n e u t r o n r a d i o g r a p h .  

F i g u r e  6b shows t h e  enhanced images w i t h  a d d i t i o n a l  f l a w s .  

A f t e r  e i g h t e e n  s e p a r a t e  p h o t o g r a p h i c  d e n s i t y  i n t e r v a l s  were 

p roduced ,  i t  was e v i d e n t  t h a t  numerous s m a l l e r  f l a w s  were 

p r e s e n t  i n  t h e  same r o d  and s i m i l a r  minor  f l a w s  a r e  shown i n  

t h e  o t h e r  two s h o r t e n e d  p i n s .  These f l a w s  have been i d e n t i -  

f i e d  by d e s t r u c t i v e  examina t ion  t o  be s h r i n k a g e  c a v i t i e s .  

Even though t h e s e  f l a w s  a r e  n o t  b e l i e v e d  t o  be r e l a t e d  t o  t h e  

f u e l  p i n  s h o r t e n i n g  p r o c e s s ,  t h e s e  p a r t i c u l a r  p i n s  p r o b a b l y  

would have been r e j e c t e d  by t h e  q u a l i t y  a s s u r a n c e  program i f  

t h e y  had  been obse rved .  The f i v e  d e n s i t y  i n t e r v a l s  of  t h e  

same f u e l  p i n s  a r e  shown i n  F i g u r e s  7a ,  7b, 7c,  7d, and 7e ,  

and i n d i c a t e  d e n s i t y  i n t e r v a l s  f rom under -  t o  overexposed  

c o n d i t i o n s .  The c e n t r a l  p r i n t  7c (same a s  6b) i s  t h e  

optimum d e n s i t y  s l i c e  t o  r e v e a l  t h e  f l a w s .  Note t h a t  t h e  

p r i n t  showing t h e  most f l a w s  does n o t  show a s  much d i a m e t e r  

d e t a i l  a s  t h e  o t h e r  d e n s i t y  i n t e r v a l s .  The o u t s i d e  s u r f a c e  

of  t h e  p i n s  ( d i a m e t e r )  i s  r e p r e s e n t e d  by a n o t h e r  d e n s i t y  l e v e l  

and does a p p e a r  i n  o t h e r  n e g a t i v e s  i n  t h e  s e r i e s .  The 

o b s e r v e r  may u s e  d i f f e r e n t  d e n s i t y  i n t e r v a l s  o r  combina t ions  

of d e n s i t y  i n t e r v a l s  f o r  o t h e r  d a t a ,  such  a s  d imens ions .  I t  

s h o u l d  be n o t e d  t h a t  t h e  d i f f e r e n t  p h o t o g r a p h i c  d e n s i t i e s  on 

t h e  n e u t r o n r a d i o g r a p h  a r e  due t o  t h e  d i f f e r e n c e  i n  n e u t r o n  

c r o s s  s e c t i o n  between t h e  s t e e l  c l a d  and t h e  uranium f u e l .  



Thus a d d i t i o n a l  d a t a  may a l s o  be o b t a i n e d  by an o r i g i n a l  

d e c i s i o n  a t  t h e  t ime  of  p r e p a r i n g  t h e  t r a n s p a r e n c y  t o  

emphasize a  s p e c i a l  a t t r i b u t e  f o r  e x a m i n a t i o n ,  o r ,  p e r h a p s  

two d i f f e r e n t  exposures  s h o u l d  be made a t  t h a t  t ime  t o  i n c l u d e  

b o t h  a t t r i b u t e s .  Argonne N a t i o n a l  L a b o r a t o r y  a t  t h e  EBR-I1 

s i t e  i s  now s u c c e s s f u l l y  u s i n g  t h i s  image enhancement p r o c e s s  

t o  measure p r e c i s e  EBR-I1 f u e l  p i n  d i a m e t e r  changes t o  

0 . 0 0 0 5  i n .  T h i s  r e s u l t  i s  a  major  improvement i n  d i a m e t e r  

measurements o v e r  p r e v i o u s  t e c h n i q u e s  and i t  i s  c o m p l e t e l y  

n o n d e s t r u c t i v e .  Upon t h e  a d d i t i o n  of  s t a n d a r d s  t o  t h e  i n t e r i m  

n e u t r o n r a d i o g r a p h ,  t h e  d i a m e t e r  measurements may be  r educed  

t o  <0.0005 i n .  EBR-I1 p e r s o n n e l  have f u r t h e r  conf i rmed t h e s e  

r e s u l t s  by comparing EBR-I1 p o s t i r r a d i a t i o n  p i n  d i a m e t e r  

p h y s i c a l  measurements w i t h  measurements e s t i m a t e d  from t h e  

enhancement n e g a t i v e s .  The 1 0 0 %  agreement  v e r i f i e s  t h e  i m -  

p o r t a n c e  and v a l u e  of  t h e  enhancement r e s u l t s .  

O P T 1  C A L  

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

The o p t i c a l  enhancement examples shown a r e  from t h e  

b i o l o g y ,  ocean  s u r v e i l l a n c e ,  and n u c l e a r  m a t e r i a l s  t e c h n o l o g y  

f i e l d s .  The c a p a b i l i t y  o f  t h i s  method i s  wide and i t s  u s e  

depends on t h e  s p e c i f i c  a p p l i c a t i o n .  I n  t h e  two examples f o r  

n u c l e a r  m a t e r i a l s ,  t h e  photography used  was r e g u l a r  P o l a r o i d  

f i l m ,  t h u s  t h e  r e s o l u t i o n  i s  l e s s  t h a n  optimum b u t  t h e  r e l a -  

t i v e  examples a r e  w e l l  i l l u s t r a t e d .  The o p t i c a l  f i l t e r s  used  

were q u i t e  l i m i t e d  and c o n c e n t r a t e d  on t h e  e d g e - s h a r p e n i n g  

a s p e c t s  of  t h e  p r o c e s s .  The b i o l o g i c a l  example i s  from a  

r e c e n t  S c i e n t i f i c  American a r t i c l e ( 6 ) ,  t h u s ,  some of  t h e  

d e t a i l s  a r e  u n a v a i l a b l e ;  however,  t h e  example i s  e x c e l l e n t .  

The o p t i c a l  image enhancement i n v e s t i g a t i o n s  a t  B a t t e l l e -  

Northwest  a r e  v e r y  p r e l i m i n a r y .  Due t o  t h e  BNW e x p e r i e n c e  







i n  t h e  r e l a t e d  s u b j e c t  of  ho lography ,  t h e  b a s i c  equipment  was 

a v a i l a b l e  f o r  u s e  w i t h  o p t i c a l  enhancement.  

I n  t h i s  p r o c e s s ,  t h e  n e g a t i v e  i s  p l a c e d  i n  t h e  o b j e c t  

p l a n e  of  an o p t i c a l  bench t h a t  t y p i c a l l v  c o n s i s t s  of  a  c o l l i -  

mated l a s e r  heam. a  t r a n s f o r m  l e n s ,  t h e  F o u r i e r  t r a n s f o r m  f i l t e r  

p l a n e ,  an i n v e r s e  t r a n s f o r m  l e n s  and an image p l a n e .  By p l a c i n g  

s p e c i a l  f i l t e r s  i n  t h e  t r a n s f o r m  p l a n e  i t  i s  f e a s i b l e  t o  

s e l e c t i v e l y  p r e v e n t  t h e  p a s s a g e  of  unwanted f r e q u e n c i e s  th rough  

t h e  t r a n s f o r m  p l a n e .  The r e c o n s t r u c t e d  image i s  t h u s  improved 

o r  enhanced. 

Data t h a t  can  be e x t r a c t e d  from t h e  f r e q u e n c y  t r a n s f o r m  

p l a n e  t e c h n i q u e  i n c l u d e  ( a )  t h e  shape  and o r i e n t a t i o n  of  t h e  

h a l o s  a round t h e  c e n t r a l  p o s i t i o n  ( e . g . ,  t h e  d i a m e t e r  of  t h e  

c e n t r a l  b r i g h t  a r e a  i s  p r o p o r t i o n a l  t o  t h e  f r e q u e n c y ) ,  (b) p o i n t s  

f a r  from t h e  o r i g i n  c o r r e s p o n d  t o  h i g h  s p a t i a l  f r e q u e n c i e s ;  low 

f r e q u e n c i e s  can  be  masked o u t  by b l o c k i n g  o f f  p a r t  of  t h e  f o c a l  

p l a n e  n e a r  t h e  o p t i c a l  a x i s ,  and ( c )  t h e  shape  and i n t e n s i t y  of  

t h e  b r i g h t n e s s  p a t t e r n  s u r r o u n d i n g  t h e  c e n t r a l  image i s  p r o p o r -  

t i o n a l  t o  t h e  ampl i tude  of  t h e  f r e q u e n c y ,  e . g . ,  t h i s  p a t t e r n  

may i n d i c a t e  d i r e c t i o n a l  p r o p e r t i e s  i n  t h e  t e s t  spec imens .  I n  

some c a s e s ,  marked improvement i n  edge s h a r p n e s s  o c c u r r e d  due 

t o  t h e  masking o u t  of  u n d e s i r a b l e  p a t t e r n s  which had caused  a  

b l u r r e d  image i n  t h e  o r i g i n a l  n e g a t i v e .  Although n o t  a l l  o f  t h e  

examples a r e  i n  t h e  n u c l e a r  m a t e r i a l s  f i e l d ,  t h e y  w e l l  r e p r e s e n t  

t h e  c a p a b i l i t y  and a p p l i c a t i o n  o f  t h e  p r o c e s s .  

Homogeneity 

Homogeneity i s  one of  t h e  p r imary  c h a r a c t e r i s t i c s  used  t o  

d e s c r i b e  t h e  r e s u l t s  of  b l e n d i n g  two o x i d e  powders,  U02+25% Pu02. 

I t  i s  i m p o r t a n t  t o  n u c l e a r  s a f e t y  and t h e r m a l  per formance  o f  t h e  

n u c l e a r  r e a c t o r  f u e l  p i n  t h a t  t h e  PuO p a r t i c l e s  be u n i f o r m l y  2 
d i s p e r s e d  t h r o u g h o u t  t h e  U02 m a t r i x  i n  t h e  0.220 i n .  s i n t e r e d  

mixed o x i d e  p e l l e t .  One q u a l i t y  a s s u r a n c e  t e c h n i q u e  u s e d  



t o  d e t e r m i n e  t h e  a c c e p t / r e j e c t  d e g r e e  of homogeneity i s  by 

v i s u a l  examina t ion  of  a l p h a  a u t o r a d i o g r a p h s  of t h e  p e l l e t s .  

Al though t h i s  example has  r e c e i v e d  o n l y  s u p e r f i c i a l  t r e a t m e n t  

by o p t i c a l  enhancement ,  t h e  d a t a  shown a r e  s u f f i c i e n t  t o  i n d i -  

c a t e  t h e  p romis ing  v a l u e  o f  a d d i t i o n a l  work i n  t h i s  a r e a .  

Only a  low p a s s  f i l t e r  was u s e d  i n  t h i s  s t u d y .  I t  s h o u l d  be 

n o t e d  t h a t  d a t a  can  be a n a l y z e d  from b o t h  t h e  d i f f r a c t i o n  

image i n  t h e  f r e q u e n c y  t r a n s f o r m  p l a n e  a s  w e l l  a s  t h e  f i n a l  

f i l t e r e d  image. The F o u r i e r  t r a n s f o r m  images of  two mixed 

o x i d e  f u e l  p e l l e t s ,  o f  v a r y i n g  homogeneity a s  de te rmined  by 

o t h e r  methods,  a r e  shown i n  F i g u r e  8 .  The d i f f e r e n c e s  i n  t h e  

d i f f r a c t i o n  p a t t e r n s  a r e  n o t e d  a s  ( a )  t h e  shape  o f  t h e  c e n t r a l  

b r i g h t  s p o t ,  (b) t h e  i n t e n s i t y  and s i z e  of  b r i g h t n e s s  p a t t e r n ,  

and ( c )  t h e  b r i g h t n e s s  l o b e s  i n d i c a t e  d i r e c t i o n a l  p r o p e r t i e s .  

A n a l y s i s  of t h e  r e s u l t s  i s  s t i l l  b e i n g  per formed.  The t h r e e  

p a r t s  of  F i g u r e  9  show t h e  u n f i l t e r e d  image and two v a r i a t i o n s  

i n  low p a s s  f i l t e r i n g .  Note t h e  a p p a r e n t  r e d u c t i o n  of t h e  

a l p h a  t r a c k  n o i s e  i n  t h e  a u t o r a d i o g r a p h  i n  t h e  m a t r i x  m a t e r i a l  

i n  F i g u r e  9c .  The low p a s s  f i l t e r s  remove t h e  h i g h  f r e q u e n c y  

d a t a  o r  n o i s e  and r e s u l t  i n  smoothing of  r e s u l t s  w h i l e  t h e  

h i g h  p a s s  f i l t e r s  remove t h e  low f r e q u e n c i e s  and r e s u l t  i n  

edge s h a r p e n i n g .  The low p a s s  f i l t e r  may, a s  i n  t h i s  example,  

be v e r y  s m a l l  h o l e s  i n  t h e  c e n t r a l  a r e a ,  e . g . ,  0.010 t o  

0.100 i n .  diam. 

K e r a t i n s  (Bio logy)  

K e r a t i n s  a r e  s p e c i a l i z e d  p r o t e i n s  from animal  e x t r e m i t i e s  

such  a s  h a i r ,  f e a t h e r s ,  h o r n s ,  hooves ,  s k i n ,  e t c .  ( 6 )  B i o l o g i s t s  

a r e  c u r r e n t l y  s t u d y i n g  t h e  m o l e c u l a r  s t r u c t u r e  of t h e s e  p r o -  

t e i n s .  One o f  t h e  t e c h n i q u e s  used  i s  t o  o b t a i n  d i f f r a c t i o n  

p a t t e r n s  from X-ray p i c t u r e s  and e l e c t r o n  mic rographs .  The 

r e s e a r c h e r s  r e s o l v e d  an a v e r a g e  image of a  k e r a t i n  m i c r o f i b r i l  

by o p t i c a l  image enhancement of an e l e c t r o n  micrograph.  







The r e s u l t s  a r e  shown i n  F i g u r e  10.  Note t h a t  t h e  mask o r  

f i l t e r  u sed  i s  a  m o d i f i c a t i o n  of  t h e  f i l t e r s  shown i n  t h e  

p r e v i o u s  s e c t i o n .  Due t o  t h e  l a c k  of o r i g i n a l  n e g a t i v e s ,  t h e  

r e s o l u t i o n  o f  t h e  F i g u r e  1 0  pho tographs  i s  somewhat d i m i n i s h e d  

a l t h o u g h  t h e  e f f e c t s  c r e a t e d  by t h e  p r o c e s s  a r e  amply i l l u s -  

t r a t e d .  

Fue l  P i n  Neu t ronrad iography  

Neu t ronrad iography  i s  a  power fu l  n o n d e s t r u c t i v e  t o o l  used  

i n  t h e  i n t e r i m  examina t ion  of i r r a d i a t e d  f u e l s  and components. 

A f t e r  i n t e r i m  e x a m i n a t i o n ,  t h e  h i g h l y  r a d i o a c t i v e  specimens a r e  

t h e n  r e t u r n e d  t o  t h e  r e a c t o r  f o r  a d d i t i o n a l  t e s t i n g .  Thus t h e  

d a t a  r e c o r d e d  c a n n o t  be r e p e a t e d .  S i n c e  i t  i s  s t a n d a r d  p r a c t i c e  

t o  make i n t e r i m  examina t ions  a t  f o u r -  t o  s ix-month  i n t e r v a l s ,  

t h e  changes t h a t  o c c u r  from one i n t e r i m  r e s u l t  t o  t h e  n e x t  a r e  

e x t r e m e l y  s i g n i f i c a n t  d a t a .  The changes t h a t  o c c u r  may be of 

two major  t y p e s :  ( a )  d i m e n s i o n a l  changes and (b) s t r u c t u r a l  

changes i n  t h e  f u e l  column such  a s  t h e  f o r m a t i o n  of  c e n t r a l  

v o i d s  and s p a c e s  between f u e l  p e l l e t s .  A c c u r a t e  measurements 

o f  t h e s e  changes can  be made i f  s t a n d a r d s  a r e  i n t r o d u c e d  i n  t h e  

o r i g i n a l  n e u t r o n r a d i o g r a p h s .  

A s e r i e s  of under  t o  o v e r  exposures  of  an o r i g i n a l  n e u t r o n -  

r a d i o g r a p h  o f  an i r r a d i a t e d  f u e l  p i n  a r e  shown i n  F i g u r e  11 

(no enhancement) .  Some improvement i n  r e s u l t s ,  by photography 

a l o n e ,  a r e  obse rved .  (This  i s  s i m i l a r  t o  p h o t o g r a p h i c  enhance-  

ment b u t  w i t h o u t  t h e  e l i m i n a t i o n  of  u n d e s i r a b l e  m a t r i x  d e n s i t i e s  

o r  s l i c e s . )  However, t h e r e  i s  a  major  f u r t h e r  improvement 

( F i g u r e  12)  by t h e  u s e  of a  s p e c i a l  l i n e  f i l t e r  i n  t h e  o p t i c a l  

enhancement sys tem.  T h i s  f i l t e r  s h a r p e n s  b o t h  v e r t i c a l  and 

h o r i z o n t a l  l i n e s ,  t h u s  making measurements much more a c c u r a t e ,  

and conf i rming  and d e f i n i n g  t h e  p r e s e n c e  o f  t h e  f u e l  p e l l e t  

s t r u c t u r a l  changes .  A d d i t i o n a l  f i l t e r s  need  t o  be t e s t e d  and 

e v a l u a t e d  on t h i s  specimen.  D e t a i l s  o f  t h i s  p r e l i m i n a r y  work 

a r e  r e p o r t e d  by F .  R.  Reich.  ( 7 )  



Ocean S u r v e i l l a n c e  ( 8 )  

A e r i a l  s u r v e i l l a n c e  o f  t h e  ocean  i s  o f t e n  u s e d  f o r  a n t i -  

s u b m a r i n e  w a r f a r e  p u r p o s e s .  The a p p l i c a t i o n  o f  F o u r i e r  

t r a n s f o r m s  t o  a u t o m a t i c  p a t t e r n  r e c o g n i t i o n  i s  shown i n  t h i s  

example .  F i g u r e s  1 3 a  and  13b show t h e  a c t u a l  image o f  t h e  

o c e a n  and t h e  r e s u l t a n t  d i f f r a c t i o n  p a t t e r n ,  r e s p e c t i v e l y .  

F i g u r e s  1 3 c  and  13d show a  s i m i l a r  p a t c h  o f  o c e a n  w i t h  a  

s h i p ' s  wake and  t h e  c o r r e s p o n d i n g  d i f f r a c t i o n  p a t t e r n .  Note  

t h a t  t h e  wave mo t ion  i s  c o a r s e r  i n  F i g u r e  1 3 a  t h a n  i n  F i g u r e  

1 3 c ,  which  r e s u l t s  i n  a  s l i g h t l y  d i f f e r e n t  d i f f r a c t i o n  p a t t e r n .  

A s h i p ' s  wake i s  v e r y  s h a r p l y  n o t e d  by t h e  p r e s e n c e  o f  t h e  

two p a r a l l e l  l i n e s  i n  F i g u r e  13d .  Only v e r y  c a r e f u l  o b s e r v a -  

t i o n  would h a v e  r e v e a l e d  t h e  wake i n  t h e  o r i g i n a l  n e g a t i v e .  

C O M P U T E R  

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

Very  c u r r e n t  examples  o f  compu te r  image enhancement  have  

b e e n  d i s t r i b u t e d  n a t i o n w i d e  v i a  t h e  M a r i n e r  p i c t u r e s  o f  t h e  

p l a n e t  Mars a n d  enhancement  o f  t h e  numerous moon s u r f a c e  p i c -  

t u r e s .  T h e s e  examples  have  p r o v i d e d  some o f  t h e  main f e a t u r e s  

o f  computer  p r o c e s s i n g ,  i n c l u d i n g  f i l t e r i n g ,  s u b t r a c t i o n ,  and  

r emova l  o f  s y s t e m  n o i s e .  I n  a d d i t i o n ,  c o n s i d e r a b l e  work h a s  

b e e n  done i n  t h e  m e d i c a l  f i e l d ,  a l t h o u g h  no examples  a r e  

p r o v i d e d  i n  t h i s  r e p o r t .  The two examples  shown b r i e f l y  i l l u s -  

t r a t e  t h e  c a p a b i l i t y  o f  computer  enhancement .  

( a )  P h o t o m i c r o g r a p h  o f  i r r a d i a t e d  U O Z ,  and 

( b )  T y p i c a l  M a r i n e r  p h o t o g r a p h s .  

O t h e r  t y p i c a l  compu te r  enhancement  o p e r a t i o n s  t h a t  may b e  

p e r f o r m e d  w i t h i n  t h e  compu te r  i n c l u d e  s m o o t h i n g ,  edge  d e t e c t i o n ,  

e d g e  s h a r p e n i n g ,  a b s t r a c t i o n ,  c o r r e l a t i o n ,  and p a t t e r n  m a t c h i n g .  

The compu te r  enhancement  p r o c e s s  i s  somewhat s i m i l a r  t o  

t h e  p h o t o g r a p h i c  method i n  t e r m s  o f  g r a y  s c a l e s .  The n e g a t i v e  











i s  scanned and t h e  r e s u l t a n t  s i g n a l s  which a r e  dependent  on 

t h e  g r a y  s c a l e s  a r e  c o n v e r t e d  t o  d i g i t s  which a r e  t h e n  manipu- 

l a t e d  w i t h i n  t h e  computer and d i s p l a y e d  on a  CRT ( ca thode  r a y  

t u b e ) .  When t h e  d e s i r e d  d a t a  a r e  o b s e r v e d ,  t h e  computer 

d i s p l a y  i s  c o n v e r t e d  t o  a  p h o t o g r a p h i c  p r i n t .  T h i s  p r o c e s s  

i s  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  t h e  appendix .  

I r r a d i a t e d  UO, Cross  S e c t i o n  

P e l l e t e d  U02 i s  t h e  f u e l  form used  i n  many n u c l e a r  power 

p l a n t s .  These % 1 / 2 - i n .  p e l l e t s  a r e  l o o s e l y  encased  i n  t h i n -  

w a l l e d  s t a i n l e s s  s t e e l  o r  z i r con ium m e t a l  t u b e s .  A f t e r  exposure  

i n  t h e  r e a c t o r ,  t h e  t u b e s  c o n t a i n i n g  t h e  p e l l e t s  a r e  c u t  open 

f o r  examina t ion  t o  d e t e r m i n e  t h e  per formance  l i m i t a t i o n s  of  t h e  

f u e l  pi11 and i t s  components.  The c r o s s  s e c t i o n  i s  t h e n  p o l i s h e d  

and e t c h e d  and examined by microscopy.  An example of t h e  o r i g -  

i n a l  unenhanced photomicrograph p r o d u c t  i s  shown i n  F i g u r e  14a.  

I d e a l l y ,  t h e  computer would p r o c e s s  d a t a  from t h e  o r i g i n a l  

n e g a t i v e .  I n  t h i s  c a s e ,  a  n e g a t i v e  had t o  be made from t h e  p o s i  

t i v e  s u b m i t t e d ,  which w i l l  a ccoun t  f o r  some l o s s  i n  d a t a .  The 

n e g a t i v e  was scanned  and t h e  d a t a  d i g i t i z e d  f o r  a n a l y s i s .  

Three  examples of  t h e  c a p a b i l i t i e s  of computer a n a l y s i s  

a r e  shown i n  F i g u r e s  14b,  1 4 c ,  and 14d. I n  t h e s e  examples ,  

t h e  g r a y  l e v e l s  o r  d e n s i t i e s  a r e  r educed  t o  numbers. I t  i s  t h e n  

f e a s i b l e  f o r  t h e  computer t o  emphasize any g r a y  l e v e l  o r  groups  

of g r a y  l e v e l s  a s  shown on t h e  spec t rum a t  t h e  bot tom of  each  

f i g u r e .  Note t h a t  t h e  spec t rum of  emphasis  i s  d i f f e r e n t  i n  

each  f i g u r e  and t h e  c o r r e s p o n d i n g  p i c t u r e  produced shows t h e  

e f f e c t s  of  t h i s  emphasis .  The t e c h n i q u e  of  r e v e r s e  c o n t r a s t  

i s  a l s o  i n d i c a t e d  i n  F i g u r e s  14e and 1 4 f ,  t h u s ,  u s i n g  a  v i d e o  

c o n s o l e  f o r  v i ewing ,  i t  i s  p o s s i b l e  f o r  t h e  r e s e a r c h e r  o r  e n g i -  

n e e r  t o  v e r y  f l e x i b l y  m a n i p u l a t e  t h e  a r e a s  o f  i n t e r e s t  such  a s  

add ing ,  s u b t r a c t i n g ,  r e v e r s e  c o n t r a s t ,  e t c . ,  t o  more c l e a r l y  

r e v e a l  new o r  conf i rm s u s p e c t e d  d a t a .  



Mariner-Mars 

Space t e c h n o l o g y  has  produced major  b r e a k t h r o u g h s  i n  d a t a  

h a n d l i n g  t e c h n i q u e s .  Photographs  of  t h e  moon and Mars a r e  

d i g i t i z e d  and t e l e m e t e r e d  t o  e a r t h  f o r  a n a l y s i s  and e v a l u a t i o n .  

Computer enhancement of Mar ine r  p h o t o s  b r i n g s  o u t  d e t a i l s  t h a t  

were  n o t  c l e a r  i n  t h e  o r i g i n a l  d a t a .  The Mar ine r  s p a c e  e x p l o r e r  

s e n t  t o  e a r t h  abou t  200 p i c t u r e s  of  t h e  s u r f a c e  of  Mars. One 

a s - r e c e i v e d  o r i g i n a l  pho to  o f  Mars '  s u r f a c e  c r a t e r s  ( 9 )  is 

shown i n  F i g u r e  15a .  D e t a i l e d  examina t ion  of t h i s  p i c t u r e  

r e v e a l s  a  f a i n t  b a s k e t  weave p a t t e r n  caused  by e l e c t r o n i c  

n o i s e .  Computer a n a l y s i s  r e v e a l s  t h e  p a t t e r n  shown i n  F i g u r e  

15b. 'The computer  a n a l y z e s  t h i s  p a t t e r n  and c o n v e r t s  t h e  

p a t t e r n  t o  a  n u m e r i c a l  v a l u e  which i s  t h e n  s u b t r a c t e d  from each  

o f  t h e  658,240 e l emen t s  of  t h e  o r i g i n a l  p i c t u r e .  The r e s u l t s  

a r e  shown i n  F i g u r e  15c.  Another  computer a n a l y s i s  i s  used  t o  

compensate f o r  t h e  smear ing  due t o  t h e  v i d i c o n  t u b e .  The r e -  

s u l t s  o f  t h i s  a n a l y s i s  a r e  shown i n  F i g u r e  15d which i s  a much 

s h a r p e r  image t h a n  t h e  o r i g i n a l .  











A N A L Y S I S  OF R E S U L T S  

The FFTF f u e l  development program h a s  r i g o r o u s  r e q u i r e m e n t s  

i n  t h e  t e c h n i c a l  a r e a s  of  i r r a d i a t i o n  t e s t i n g  and n o n d e s t r u c t i v e  

t e s t i n g  f o r  h i g h  per formance  r e l i a b i i l i t y .  The p r o c e s s  c o n t r o l  

of t h e  f a b r i c a t i o n  of  l a r g e  q u a n t i t i e s  of  U02+25 w t %  Pu02 i n t o  

f u e l  p i n s  r e q u i r e s  a n a l y t i c a l  methods and n o n d e s t r u c t i v e  t e s t s  

(NDT) such  a s  X-ray t h a t  p r o v i d e  r a p i d ,  p r e c i s e ,  and a c c u r a t e  

r e s u l t s  i n  o r d e r  t o  m a i n t a i n  t h e  r e q u i r e d  f low of  m a t e r i a l s .  

These f a b r i c a t i o n  p r o c e s s e s  a l s o  produce  t h e  m a t e r i a l s  and 

components f o r  t h e  m u l t i m i l l i o n  d o l l a r  i r r a d i a t i o n  t e s t  program. 

Smal l  e x p e n d i t u r e s  f o r  image enhancement i n  t h e s e  a r e a s  w i l l  be 

r e p a i d  manyfold i n  d o l l a r  and s c h e d u l e  e f f i c i e n c y .  

There  a r e  some g e n e r a l  comments r e g a r d i n g  i n t e r p r e t a t i o n  

of  r e s u l t s  t h a t  e q u a l l y  a p p l y  t o  a l l  t h r e e  enhancement methods.  

How do we g e t  t h e  most o u t  of  t h e  p h o t o g r a p h i c  t e s t  r e s u l t s ?  

Image enhancement can  be e i t h e r  a  p u r e  p u r c h a s e d  s e r v i c e  func -  

t i o n  o r  a  p a r t  o f  a  s t a n d a r d  l a b o r a t o r y  f a c i l i t y .  The r e s u l t s  

a r e  o p t i m i z e d  by p r o v i d i n g  c l o s e  c o o r d i n a t i o n  between t h e  

o r i g i n a t o r  o f  t h e  image o r  n e g a t i v e  and  t h e  image p r o c e s s o r .  

B a t t e l l e - N o r t h w e s t  d i s c u s s i o n s  w i t h  t h e  image p r o c e s s o r s  i n d i -  

c a t e d  t h a t  improved n e g a t i v e s  would i n c r e a s e  r e s u l t s  t h a t  may 

now be r e l y i n g  on image enhancement a l o n e  t o  r e v e a l  o r  c l a r i f y  

t h e  r e l a t i v e l y  poor  d a t a  on a  n e g a t i v e .  The improvements would 

i n c l u d e  such  f a c t o r s  a s :  

e P r o p e r  f i l m  f o r  t h e  c o n d i t i o n s  

o Use of  s t a n d a r d s  

o C o r r e c t  exposure  f o r  r e g u l a r  n e g a t i v e s  

a C o r r e c t  X-ray o r  neut ron-beam c h a r a c t e r i s t i c s  f o r  X-rays 

o r  n e u t r o n r a d i o g r a p h s .  

The c o o r d i n a t i o n  between t h e  d a t a  o r i g i n a t o r  and t h e  image 

p r o c e s s o r  i s  c o n s i d e r e d  a  v i t a l  f a c t o r .  There i s  a h i g h  d e g r e e  

of p r o c e s s  f l e x i b i l i t y  i n  a l l  t h r e e  p r o c e s s e s  which can  e i t h e r  



enhance some, a l l ,  o r  none of t h e  f e a t u r e s  t h a t  a r e  b e i n g  

i n t e r p r e t e d .  These p r o c e s s e s  r e q u i r e  some a r b i t r a r y  assump- 

t i o n s  t o  be made s u c h  a s  c h o i c e s  o f  c o l o r s  and d e n s i t y  l e v e l s  

t h a t  may r e q u i r e  a d d i t i o n a l  d e t a i l .  The u s e  of  c o l o r s  r e d u c e s  

t h e  u n c e r t a i n t i e s  of o b j e c t i v e  d e c i s i o n s  t h a t  may p r e v a i l  

w i t h  g r a y  t o n e  v a r i a t i o n s  a l o n e .  These assumpt ions  c o u l d  

d e f i n i t e l y  a f f e c t  t h e  i n t e r p r e t a t i o n  such  a s  a c t u a l l y  choos ing  

t h e  wrong d e n s i t y  l e v e l s  t o  be  emphasized.  I t  has  been  shown 

i n  p h o t o g r a p h i c  enhancement p r a c t i c e  t h a t  an i n i t i a l  t e s t  

s e r i e s  of enhanced pho tographs  t h a t  c o v e r  t h e  d e n s i t y  spec t rum 

w i l l  r e v e a l  t r e n d s  i n  r e s u l t s .  T h i s  i s  t h e n  f o l l o w e d  up by a  

l a r g e r  number of d e n s i t y  s l i c e s  w i t h i n  a  g i v e n  d e n s i t y  r ange  

t h a t  can  enhance t h e  more i n t e r e s t i n g  f e a t u r e s .  The t remen-  

dous f l e x i b i l i t y  of t h e  computer i s  p r o b a b l y  t h e  b e s t  example 

where c l o s e  c o o r d i n a t i o n  i s  v i t a l .  I t  i s  s t r o n g l y  recommended 

t h a t  s i d e - b y - s i d e  comparisons of  t h e  o r i g i n a l  n e g a t i v e  and 

t h e  enhanced r e s u l t s  be made t o  c l a r i f y  and c o n f i r m  o b s e r v e d  

d a t a  and t o  a v o i d  m i s i n t e r p r e t a t i o n  due t o  a r t i f a c t s  and 

sys t em n o i s e  t h a t  o c c a s i o n a l l y  a r e  p r e s e n t .  

I n  t h e  i n i t i a l  i n t e r e s t  i n  image enhancement t h e  o r i g i -  

n a t o r  may have some i d e a  of  t h e  t y p e s  of  r e s u l t s  d e s i r e d .  

Obvious ly  e v e r y  n e g a t i v e  s h o u l d  n o t  be  enhanced.  L ikewise ,  

a l l  enhanced n e g a t i v e s  w i l l  n o t  r e v e a l  new d a t a .  Many nega-  

t i v e s  r e v e a l  vague o r  u n c l e a r  a r e a s .  With enhancement ,  t h e  

u n c e r t a i n t i e s  become c e r t a i n t i e s  and i n  some c a s e s  new 

o b s e r v a t i o n s  a r e  made t h a t  c o u l d  n o t  have been made p r e v i o u s l y .  

Examples of  t h e s e  were g i v e n  i n  t h e  p r e v i o u s  s e c t i o n s .  I t  h a s  

a l s o  been  obse rved  t h a t  t h e  s u s p e c t e d  o b s e r v a t i o n  on one 

n e g a t i v e  w i l l  l e a d  t o  c l a r i f i c a t i o n  by t h e  e x a m i n a t i o n  o f  

r e l a t e d  n e g a t i v e s  i n  a  t e s t  s e r i e s  o r  may l e a d  t o  f u r t h e r  

n e g a t i v e  p r e p a r a t i o n  u s i n g  s l i g h t l y  d i f f e r e n t  t e s t  o r  p r e p a r a -  

t i o n  c o n d i t i o n s .  There  a r e  a l s o  p o s s i b i l i t i e s  of a r t i f a c t s ,  

n o i s e  o r  o t h e r  d i s c r e p a n c i e s  o c c u r r i n g  which can  be  e l i m i n a t e d  



by v e r i f i c a t i o n  th rough  o t h e r  n e g a t i v e s  o r  by p roof  o f  o b s e r v a -  

t i o n  by an independen t  d e t e r m i n a t i o n  method, e . g . ,  d e s t r u c t i v e  

examina t ion  of  a  f u e l  r o d  c o n t a i n i n g  i n t e r n a l  f l a w s  o r  by 

checking  s p e c i f i c  a r e a s  on a  n e g a t i v e  by a  m i c r o d e n s i t o m e t e r .  

A thorough u n d e r s t a n d i n g  o f  t h e s e  p r o c e s s e s  f u r t h e r  s u g g e s t s  

t o  t h e  o r i g i n a t o r  i n  a r e a s  s u c h  a s  X-rays o r  n e u t r o n r a d i o g r a p h s ,  

t h a t  two o r  t h r e e  exposures  w i l l  p e r m i t  examina t ion  o f  more t h a n  

one c r i t i c a l  a r e a ,  r a t h e r  t h a n  ove rexpos ing  t h e  e n t i r e  nega-  

t i v e  due t o  t h e  r e q u i r e m e n t  of one p a r t ,  e . g . ,  one exposure  

emphas iz ing  t h e  t h i n - w a l l e d  s t a i n l e s s  s t e e l  f u e l  p i n  (medium 

d e n s i t y )  v e r s u s  one exposure  t o  emphasize t h e  U02+Pu02 f u e l  

p e l l e t s  (h igh  d e n s i t y ) .  I t  has  a l s o  been  demons t ra t ed  by t h e  

computer t e c h n i q u e  t h a t  t h rough  t h e  u s e  o f  i d e n t i c a l  exposures  

of  two, t h r e e  o r  more n e g a t i v e s  t h a t  minute  d i f f e r e n c e s  ( f i l m  

g r a i n  n o i s e )  between t h e  n e g a t i v e s  can  be f i l t e r e d  by t h e  

computer ,  t h u s  r e v e a l i n g  improved r e s u l t s .  

The u s e  of  s t a n d a r d s  i n  a l l  n e g a t i v e s  would f u r t h e r  improve 

t h e  q u a l i t y  and q u a n t i t y  of  d a t a .  Where f e a s i b l e ,  t h e  n e g a t i v e  

s h o u l d  c o n t a i n  d e n s i t y  s t a n d a r d s  t h a t  c o v e r  t h e  spec t rum o f  

d e n s i t y  l e v e l s  a n t i c i p a t e d  i n  t h e  n e g a t i v e .  O r ,  i f  t h e  d a t a  

t o  be o b t a i n e d  i s  d i m e n s i o n a l ,  t h e n  p r e c i s e l y  measured s t a n d a r d s  

s h o u l d  be photographed a t  t h e  same t ime  a s  t h e  unknown. The 

p r e p a r a t i o n  and t e s t i n g  of  t h e s e  s t a n d a r d s  w i l l  a l s o  r e v e a l  t h e  

s p e c i f i c  c a p a b i l i t y  of  each  enhancement p r o c e s s .  A s  n o t e d  i n  

t h e  t e x t ,  each  p r o c e s s  h a s  un ique  c a p a b i l i t i e s  and s h o u l d  be 

used  a c c o r d i n g  t o  t h e  optimum a p p l i c a t i o n .  

Some r e l a t i v e  advan tages  and d i s a d v a n t a g e s  of  t h e  t h r e e  

sys t ems  a r e  t a b u l a t e d  below: 



Advantages Disadvan tages  

P h o t o g r a p h i c  F a i r l y  cheap Lacks r e s o l u t i o n  (may n o t  
Demonstrated s t a t u s  be l i m i t i n g )  
Low c a p i t a l  A r b i t r a r y  a s sumpt ions  

inves tmen t  

O p t i c a l  Capable of  h i g h  Lacks f l e x i b i l i t y  
r e s o l u t i o n  Lower a c c u r a c y  

No computer 

Computer Capable of  h i g h  Expensive 
r e s o l u t i o n  Large equipment 

D i r e c t  d a t a  a c t i o n  r e q u i r e m e n t s  
w i t h o u t  photography 

High f l e x i b i l i t y  

These t h r e e  methods of  image enhancement p r o v i d e  an e x c e l -  

l e n t  way t o  convey t o  an e n g i n e e r  o r  r e s e a r c h e r  t h e  q u a l i t a t i v e  

i m p l i c a t i o n s  of  h i s  p r e l i m i n a r y  a s sumpt ions .  I t  may s a v e  

u n n e c e s s a r y  a n a l y s i s  of i n c o r r e c t  g u e s s e s .  Such r e d u c t i o n s  i n  

t ime  and t e d i o u s  human e f f o r t  p e r m i t  d a t a  p r o c e s s i n g ,  which a  

few y e a r s  ago was i m p o s s i b l e ,  and ,  f o r  many t e c h n i c a l l y  t r a i n e d  

p e o p l e ,  n o t  even w i t h i n  t h e i r  c o n t e m p l a t i o n .  The c a t a l o g  of  

a p p l i c a t i o n  of t h e s e  methods i s  s p e c t a c u l a r .  Beyond t h e  i l l u s -  

t r a t i o n s  shown, t h e s e  methods have r a p i d l y  growing u s e  i n  

e d u c a t i o n ,  m e d i c i n e ,  and a r t  ( e . g . ,  Walt D i sney) .  T h i s  new 

t echno logy  l i t e r a l l y  makes i t  f e a s i b l e  t o  "see" t h e  i n v i s i b l e ,  

enhances  t h e  i m a g i n a t i o n ,  and p e r m i t s  expe r imen t s  t o  be done 

w i t h  f l e x i b i l i t y  and r a p i d i t y  t h a t  h e r e t o f o r e  were p r o h i b i t i v e  

o r  i m p o s s i b l e .  Thus t h e  e x t r a c t i o n  of a d d i t i o n a l  d a t a  a t  r e l a -  

t i v e l y  low c o s t  from e x p e n s i v e  and l o n g - t e r m  exper imen t s  can  

r educe  t h e  number and c o s t  of t e s t s  and ,  t h e r e f o r e ,  s h o u l d  be 

p u r s u e d  w i t h  v i g o r .  A d i l i g e n t  e f f o r t  i s  n e c e s s a r y  by manage- 

ment t o  keep a b r e a s t  of  t h e s e  t e c h n i c a l  g a i n s  and t o  a p p l y  them 

a s  t h e y  a r e  deve loped .  



A D V A N C E D  D E V E L O P M E N T  

Very r a p i d  p r o g r e s s  i s  b e i n g  made i n  t h e  f i e l d  of d a t a  

p r o c e s s i n g .  Many new c o n c e p t s  and examples of  hardware  a p p l i -  

c a t i o n  a r e  under  development .  C u r r e n t  s c i e n t i f i c  t r a d e  

j o u r n a l s  c o n t a i n  f a i r l y  numerous examples of  new equipment  f o r  

t h i s  f i e l d .  The computer and i t s  a s s o c i a t e d  d i s p l a y  c o n s o l e  

p r o v i d e s  one o f  t h e  major  avenues f o r  advancement.  A few 

examples a r e  p r o v i d e d  t o  i l l u s t r a t e  t h e  c o n c e p t s  b e i n g  

developed.  One of t h e  b e s t  methods t o  a p p r a i s e  t h e  s t a t u s  o f  

t h i s  f i e l d  i s  t o  r ev iew t h e  c o n f e r e n c e  p r o c e e d i n g s  i n  Refe rences  

2 and 1 0 .  

The r e a d e r  by t h i s  t ime s h o u l d  be c o n c l u d i n g  t h a t  an 

o r d i n a r y  n e g a t i v e  i s  no l o n g e r  a  f i n a l  p r o d u c t  o f  a  t e s t  r e s u l t  

b u t  i s  now c o n s i d e r e d  t o  be  an i n t e r i m  r e s u l t  t h a t  may be  f u r -  

t h e r  p r o c e s s e d .  However, e v e r y  n e g a t i v e  s h o u l d  n o t  be  enhanced. 

I n  some examples o f  advanced t e c h n o l o g y ,  t h e  o r i g i n a l  n e g a t i v e  

i s  bypassed  and t h e  enhanced n e g a t i v e  becomes t h e  f i n a l  p r o d u c t .  

One example i s  shown i n  F i g u r e  16. The o r i g i n a t i n g  s e n s o r ,  such  

a s  an e l e c t r o n  mic roscope ,  s ends  i t s  d a t a  d i r e c t l y  i n t o  t h e  

computer ,  t h u s  b y p a s s i n g  t h e  o r i g i n a l  photography.  These d a t a  

a r e  t h e n  p r o c e s s e d  o r  s t o r e d  by t h e  m u l t i p l e  means c a p a b l e  i n  a  

computer such  a s  c o n t r a s t i n g ,  f i l t e r i n g ,  s u b t r a c t i o n ,  edge 

s h a r p e n i n g ,  e t c .  The s u p p o r t i n g  f a c i l i t i e s  t o  t h e  computer 

i n c l u d e  a  d i s p l a y  c o n s o l e  which p e r m i t s  a  r e a l  t ime o b s e r v a t i o n  

of  t h e  changes b e i n g  made by t h e  computer .  T h i s  o p e r a t i o n  

would have been  v e r y  t ime-consuming by o t h e r  methods.  I n  a  

secondary  f a c i l i t y ,  t h e  d a t a  c o u l d  be  s t o r e d  f o r  comparison 

w i t h  o t h e r  samples  t o  be  s t u d i e d  a t  a  l a t e r  d a t e .  Th i s  s t o r a g e  

and comparison a n a l y s i s  would e q u a l l y  a p p l y  t o  d i r e c t  d a t a  

m a n i p u l a t i o n  o r  t o  d a t a  s t o r e d  from n e g a t i v e s  such  a s  n e u t r o n -  

r a d i o g r a p h s  which do n o t  l e n d  themse lves  t o  a  d i r e c t  computer 

i n p u t .  Minute d i f f e r e n c e s  between s i m i l a r  t e s t s  can  be ana-  

l y z e d  by t h e  computer .  Many more t e s t s  would have been  r e q u i r e d  



t o  r e v e a l  t h e  same t r e n d  of  r e s u l t s  by c u r r e n t  methods.  

I n i t i a l  hardware  p r o t o t y p e s  s h o u l d  be a v a i l a b l e  f o r  demonst ra-  

t i o n  i n  one y e a r  o r  l e s s .  

A second t y p e  of  advanced concep t  i s  r e l a t e d  t o  t h e  

o p t i c a l  p r o c e s s i n g  method and i s  shown i n  F i g u r e  17 .  T h i s  

sys t em combines t h e  d i g i t a l  and o p t i c a l  methods and u s e s  

computer s t o r a g e  of d a t a  t h a t  i s  r e t r i e v e d  and d i s p l a y e d  on a  

CRT.  The CRT s c r e e n  t h e n  a c t s  a s  a  n e g a t i v e  i n  t h e  s t a n d a r d  

o p t i c a l  enhancement p r o c e s s  p r e v i o u s l y  demons t ra t ed .  T h i s  

h y b r i d  sys t em p r o v i d e s  r a p i d  r e t r i e v a l  of s t o r e d  d a t a  f o r  

a n a l y s i s  o r  comparison.  Two f u r t h e r  a d d i t i o n s  t o  t h e  sys tem 

shown i n  F i g u r e  1 7  would i n c l u d e  (1)  i n c r e a s e d  f l e x i b i l i t y  

of f i l t e r  changes  t h a t  would pe r fo rm v a r i o u s  t y p e s  of  o p e r -  

a t i o n s ,  such  a s  a  s m a l l  c o n s o l e  t h a t  p e r m i t t e d  r a p i d  o n - l i n e  

f i l t e r  changes  by t h e  o p e r a t o r ,  and (2) an o u t p u t  d i s p l a y  

c o n s o l e  t h a t  would a l l o w  d i r e c t  o b s e r v a t i o n  of r e s u l t s  w i t h  

t h e  added f l e x i b i l i t y  of  o b s e r v a t i o n  of  changes from e i t h e r  

t h e  computer i n p u t  o r  t h e  f i l t e r  o r  mask used  i n  t h e  o p t i c a l  

sys tem.  

There  a r e  two o t h e r  c l o s e l y  a l l i e d  f i e l d s  of image en-  

hancement t h a t  were n o t  d i s c u s s e d  h e r e  b u t  may u s e  t h e  

t e c h n i q u e s  d e s c r i b e d .  These t e c h n i q u e s  i n c l u d e  t h e  new and 

expanding  f i e l d s  of ho lography  (11) and i n f r a r e d  pho tography .  

Both of  t h e s e  f i e l d s  have a  p romis ing  f u t u r e  i n  t h e  m a t e r i a l s  

a r e a  and s h o u l d  be f u r t h e r  e x p l o r e d .  S t r e s s  p a t t e r n s  i n  f u e l  

p i n  c l a d  m a t e r i a l s  a r e  a l r e a d y  b e i n g  s t u d i e d  by ho lography  a t  

Argonne N a t i o n a l  L a b o r a t o r y  and a t  B a t t e l l e - N o r t h w e s t .  I n f r a -  

r e d  may have a p p l i c a t i o n  i n  n o n d e s t r u c t i v e  t e s t i n g  o r  

e x a m i n a t i o n  of  i r r a d i a t e d  m a t e r i a l s .  

The u s e  of  image enhancement has  numerous p o t e n t i a l  a p p l i -  

c a t i o n s  b o t h  w i t h i n  t h e  FFTF f u e l  development ,  f a b r i c a t i o n  and 

p o s t i r r a d i a t i o n  e x a m i n a t i o n  and t h r o u g h o u t  t h e  p l a n t  c o n s t r u c -  

t i o n .  S p e c i f i c  examples  i n c l u d e  n o n d e s t r u c t i v e  e x a m i n a t i o n s  
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o f  f u e l  p i n s  f o r  weld d e f e c t s ,  a l p h a  a u t o r a d i o g r a p h s  f o r  homo- 

g e n e i t y ,  gammagraphs f o r  Pu c o n c e n t r a t i o n ,  X-rays  of  p i n s  f o r  

v e r i f i c a t i o n  of  i n t e r n a l  components,  and n e u t r o n r a d i o g r a p h s  

f o r  i n t e r i m  and f i n a l  examina t ion  o f  i r r a d i a t e d  f u e l  p i n s .  

I n  a d d i t i o n ,  image enhancement can  be u s e d ,  where n e c e s s a r y ,  

i n  any i n t e r p r e t a t i o n  of  X- rays ,  such  a s  l a r g e  v e s s e l  o r  

p i p i n g  w e l d s ,  pump c a s t i n g s ,  i n  t h e  FFTF c o n s t r u c t i o n .  

A m i c r o d e n s i t o m e t e r  s h o u l d  be  e v a l u a t e d  a s  an a d d i t i o n a l  t o o l  

f o r  u s e  i n  an enhancement sys tem.  The image p r o c e s s i n g  d e v e l -  

opments c u r r e n t l y  i n  p r o g r e s s  s h o u l d  p r o v i d e  h i g h l y  f l e x i b l e ,  

r e a l  t i m e ,  d a t a  h a n d l i n g  methods t h a t  expand t h e  volume of 

r e s u l t s  f o r  t h e  d o l l a r s  i n v e s t e d .  Advantage s h o u l d  be t a k e n  

of  t h e s e  huge e f f o r t s  expended by DOD and NASA i n  t h e  deve lop-  

ment of  t h e  t h e o r y ,  models ,  and f u l l - s c a l e  hardware  f o r  t h i s  

phase  o f  d a t a  p r o c e s s i n g .  
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A P P E N D I X  

M E T H O D S  O F  I M A G E  E N H A N C E M E N T  

The t h r e e  methods of  image enhancement t h a t  show immediate 

p o t e n t i a l  f o r  u s e  on t h e  FFTF program a r e  (1) p h o t o g r a p h i c ,  

(2)  o p t i c a l ,  and (3 )  computer .  A l l  o f  t h e s e  methods c u r r e n t l y  

u s e  t h e  n e g a t i v e  o r  t r a n s p a r e n c y  a s  t h e  s o u r c e  of  d a t a .  I t  

s h o u l d  be  n o t e d  t h a t  s u b s t a n t i a l  l o s s e s  i n  d e t a i l  o c c u r  on 

e v e r y  r e p r o d u c t i o n  of  a  n e g a t i v e ;  t h e r e f o r e ,  o r i g i n a l  nega-  

t i v e s  a r e  t h e  recommended s t a r t i n g  p o i n t  f o r  t h e  p r o c e s s e s .  

Each method i s  d e s c r i b e d  below i n  terms o f  a  d iagrammat ic  

s k e t c h ,  equipment ,  a  d e s c r i p t i v e  o u t l i n e  o f  t h e  p r o c e s s  and 

t h e  s t a t u s  of  development .  

Every t e c h n i c a l  p h o t o  i n t e r p r e t e r  i s  f a m i l i a r  w i t h  t h e  

f e e l i n g  t h a t  more i n f o r m a t i o n  i s  b u r i e d  i n  t h e  photograph t h a n  

can  r e a d i l y  be  s e e n  w i t h  a c c u r a c y  and c o n f i d e n c e .  When one 

c o n s i d e r s  t h a t  i n  one s q u a r e  i n c h  o f  f i l m ,  r e s o l v i n g  50 o p t i c a l  

l i n e s  p e r  m i l l i m e t e r  and 64 l e v e l s  o f  g r a y ,  t h e r e  a r e  400 x 10 6  

i n f o r m a t i o n  b i t s ,  t h i s  i s  n o t  u n r e a s o n a b l e .  O t h e r  t y p i c a l  

r e f e r e n c e s  i n c l u d e  (1)  a  TV s c r e e n  h a s  abou t  525 l i n e s  o v e r  t h e  

f u l l  f a c e  of t h e  s c r e e n  o r  a p p r o x i m a t e l y  50 l i n e s  p e r  i n c h .  

T h i s  r e s o l u t i o n  i s  p o o r ;  ( 2 )  t h e  b e s t  CRT ( ca thode  r a y  t u b e )  

can  produce  200 l i n e s  p e r  i n c h ;  ( 3 )  t h e  b e s t  f i l m  can  produce  

40,000 l i n e s  p e r  i n c h .  

P h o t o g r a p h i c  Method 

I n f o r m a t i o n  i s  r e c o r d e d  i n  pho tographs  i n  t h e  form o f  

o p t i c a l  d e n s i t i e s .  The fundamenta l  image c h a r a c t e r i s t i c s  t h e  

i n t e r p r e t e r  u s e s  f o r  i d e n t i f i c a t i o n  and a n a l y s i s  of  pho to -  

g r a p h i c  d a t a  a r e  s i z e ,  s h a p e ,  p a t t e r n ,  t e x t u r e ,  shadow, and 

t o n e .  I n  p h o t o g r a p h i c  e n g i n e e r i n g  t e r m s ,  v a r i a t i o n  i n  t h e  

t o n e ,  o r  d e n s i t y  s c a l e ,  i s  t h e  common f a c t o r  which c o n s t i t u t e s  

t h e  whole image. The s p a t i a l  a r r angement s  of  t h e s e  d e n s i t y  



v a r i a t i o n s  form t h e  image, and make p o s s i b l e  t h e  p e r c e p t i o n  of 

s i z e ,  s h a p e ,  p a t t e r n ,  t e x t u r e ,  and shadow. P r o c e s s e s  which 

s u p p r e s s  o r  a m p l i f y  v e r y  s m a l l  t o n e  d i f f e r e n c e s ,  which a r e  j u s t  

on ,  o r  even  below t h e  t h r e s h o l d  of  v i s u a l  r e c o g n i t i o n ,  can  be 

u t i l i z e d  t o  enhance t h e  p r imary  image c h a r a c t e r i s t i c s ,  e n a b l i n g  

t h e  i n t e r p r e t e r  t o  e x t r a c t  a d d i t i o n a l  i n f o r m a t i o n .  E x t r a c t i n g  

image d a t a  a t  t h e  t h r e s h o l d  of i n t e r p r e t a b i l i t y  v a r i e s  w i t h  t h e  

knowledge, e y e s i g h t ,  and e x p e r i e n c e  of t h e  i n t e r p r e t e r ,  b u t  i n  

any c a s e  r e q u i r e s  s u b j e c t i v e  judgment a t  some p o i n t .  Image 

p r o c e s s i n g  by p h o t o g r a p h i c  means can  r educe  o r  remove many of  

t h e s e  s u b j e c t i v e  u n c e r t a i n t i e s .  The d e g r e e  of  enhancement pos -  

s i b l e  i s  u l t i m a t e l y  l i m i t e d  t o  t h e  q u a l i t i e s  of  t h e  o r i g i n a l  

n e g a t i v e  o r  image. No new d a t a  can  be g e n e r a t e d  t h a t  a r e  n o t  

on t h e  o r i g i n a l  f i l m .  

B a s i c a l l y  t h e  p h o t o g r a p h i c  enhancement p r o c e s s  c o n s i s t s  of  

p r e c i s i o n  photography.  The d e t a i l e d  p r o c e s s e s  u s e d  v a r y  s l i g h t l y  

and i n  some c a s e s  a r e  c o n s i d e r e d  p r o p r i e t a r y  i n f o r m a t i o n .  

I n i t i a l l y ,  a s  a  t y p i c a l  example,  an e s t i m a t e  i s  made o f  t h e  

r ange  o f  p h o t o g r a p h i c  d e n s i t i e s  t h a t  e x i s t  on t h e  s p e c i f i c  nega-  

t i v e .  A normal r a n g e  i s  a b o u t  0 . 4  t o  1 . 6  on t h e  c h a r a c t e r i s t i c  

H e r t e r - D r i f f i e l d  c u r v e  of  d e n s i t y  - v s .  exposure .  Overexposed 

f i l m  f l a t t e n s  on t h e  c h a r a c t e r i s t i c  cu rve  a t  a p p r o x i m a t e l y  

d e n s i t i e s  of 1 . 6  t o  2 . 0  and underexposed  f i l m  h a s  d e n s i t i e s  

from 0 . 1  t o  0 . 4 .  One of  t h e  s i m p l e s t  methods of  making s m a l l  

d e n s i t y  d i f f e r e n c e s  p e r c e p t i b l e  i s  t o  p r i n t  t h e  image a t  h i g h  

c o n t r a s t .  However, a l l  o t h e r  t o n e s  p r e s e n t  a r e  t h e n  c o n v e r t e d  

t o  opaque shadow d e n s i t i e s .  A s  s e e n  i n  F i g u r e  A-1, t h e  most 

d a t a ,  o r  v a r i a t i o n s  i n  d e n s i t y ,  which p e r m i t  enhancement ,  o c c u r  

i n  t h e  s t r a i g h t  l i n e  p o r t i o n  of  t h e  c h a r a c t e r i s t i c  c u r v e .  Very 

l i t t l e  enhancement can  be o b t a i n e d  from underexposed  o r  o v e r -  

exposed  f i l m .  
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I t  i s  f e a s i b l e  th rough  t h i s  p r e c i s i o n  photography t o  r e -  

duce t h e  t o n e s  i n  a  normal  n e g a t i v e  t o  1 6 ,  32 ,  64 o r  up t o  300 

d e n s i t y  i n c r e m e n t s .  U s u a l l y  most i n f o r m a t i o n  i s  d e r i v e d  i n  t h e  

8 t o  32 r a n g e .  One o f  t h e  t y p i c a l  means of  s u p p r e s s i n g  unwanted 

d e n s i t y  l e v e l s  i n  m u l t i s p e c t r a l  images i s  by masking. T h i s  

method a l s o  r e s u l t s  i n  enhanced d e n s i t i e s .  Another  method,  un-  

s h a r p  masking ,  i s  a  v a r i a t i o n  f o r  enhanc ing  f i n e  image d e t a i l  

and shadow a r e a s .  The r e s u l t s  of  t h e s e  t o n e  s e p a r a t i o n s  o r  

d e n s i t y  s l i c e s  y i e l d  8 ,  1 6 ,  32,  e t c . ,  s e p a r a t e  n e g a t i v e s  which 

a r e  t h e n  i n d i v i d u a l l y  examined and p r i n t e d  o r  c a r e f u l l y  r e g i s -  

t e r e d  and p r i n t e d  a s  a  composi te .  A t  t h i s  s t a g e ,  t h e  i n t e r p r e t e r  

d i s c a r d s  t h e  t o n e s  t h a t  c o n f u s e  o r  d i s g u i s e  t h e  r e s u l t .  The 

p h o t o g r a p h i c  method i s  shown i n  F i g u r e s  A - 2  and A-3. ( I 2 )  Up t o  

t h i s  p o i n t  a l l  o p e r a t i o n s  have been  on a  b l a c k  and w h i t e  b a s i s .  

A s  each  d e n s i t y  s l i c e  o r  d e r i v a t i o n  i s  made, i t  i s  f e a s i b l e  t o  

a s s i g n  an a r b i t r a r y  c o l o r  t o  e a c h  one.  Thus a n o t h e r  d e g r e e  o f  

enhancement o c c u r s  s i n c e  minor changes i n  d e n s i t y  may be shown 

a s  s h a r p l y  c o n t r a s t i n g  c o l o r s .  A f t e r  t h e  c h o i c e  of c o l o r s  i s  

made t h e  c o l o r e d  p r i n t  i s  produced by a  d i e  t r a n s f e r  p r o c e s s  a s  

e i t h e r  an i n d i v i d u a l  p r i n t  o r  a s  a  composi te .  I n  t h i s  way, 

p r e v i o u s l y  s u s p e c t e d  images o r  vagueness  of t h e  e x i s t e n c e  of 

c e r t a i n  image f e a t u r e s  a r e  more d i s t i n c t l y  d i s p l a y e d .  S i n c e  

t h e s e  c o l o r  c h o i c e s  a r e  a r b i t r a r y ,  i t  i s  i m p o r t a n t  t h a t  t h e  

p h o t o g r a p h i c  e n g i n e e r  c l o s e l y  c o o r d i n a t e  w i t h  t h e  r e s e a r c h  

i n t e r p r e t e r .  I t  i s  recommended t h a t  a  normal image be  examined 

s i d e  by s i d e  w i t h  t h e  enhanced image. 

For  a  r e l a t i v e l y  modest e x p e n d i t u r e ,  h i g h  q u a l i t y  t i m i n g ,  

d e v e l o p i n g ,  and r e g i s t e r i n g  equipment  can  be o b t a i n e d  f o r  b l a c k  

and w h i t e  r e s u l t s .  For  i n c r e a s e d  r e s o l u t i o n ,  g r e a t e r  d e t a i l ,  

and c o l o r  enhancement ,  a d d i t i o n a l  equipment  i n  t h e  form of  a  

d e n s i t o m e t e r ,  e n l a r g e r s ,  au tomated  d e v e l o p i n g  and p r i n t i n g  

equipment  a r e  r e q u i r e d .  Some i n d u s t r i a l  groups  have r e c e n t l y  

comple ted  c o n s o l e s  t h a t  f u r t h e r  add t o  t h e  f l e x i b i l i t y  o f  t h e  
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i n t e r p r e t e r .  The t ime  r e q u i r e d  f o r  p r o c e s s i n g  a  b a r e  n e g a t i v e  

t o  enhanced r e s u l t s  v a r i e s  from a  few days  t o  a  few minu tes  on 

t h e  advanced d e s i g n  c o n s o l e s .  I t  i s  t h u s  f e a s i b l e  t o  c o n s i d e r  

t h i s  t e c h n i q u e  i n  te rms of  a lmos t  r e a l  t ime d a t a  t h a t  p o t e n -  

t i a l l y  c o u l d  s u p p o r t  manufac tu r ing  o p e r a t i o n s  such  a s  r e a d i n g  

n o n d e s t r u c t i v e  X-rays a s  w e l l  a s  s o p h i s t i c a t e d  RGD programs.  

P r i n c i p a l  f a c t o r s  f a v o r i n g  t h e  p h o t o g r a p h i c  method a r e  

(1) i n c r e a s e d  image c o n t r a s t  , (2)  f i l t e r i n g  unwanted d e n s i t y  

l e v e l s  o r  t o n e s ,  (3)  economy, ( 4 )  a v a i l a b i l i t y ,  and (5)  r e a s o n -  

a b l e  p r o c e s s i n g  t ime .  

The equipment r e q u i r e m e n t s  v a r y  w i d e l y  depending  on t h e  

d e g r e e  o f  enhancement d e s i r e d .  T y p i c a l  a v a i l a b l e  commercial  

image enhancement equipment  i n c l u d e  t h e  Quant imet ,  I s o d e n s i -  

tomeder ,  and I s o d e n s i t r a c e r .  

I n  summary, p h o t o g r a p h i c  images f r e q u e n t l y  c o n t a i n  u s e f u l  

i n f o r m a t i o n  t h a t  canno t  be  d e t e c t e d  v i s u a l l y .  Among image 

p r o c e s s i n g  t e c h n i q u e s ,  p h o t o g r a p h i c  f i l m  p r o v i d e s  an economical  

and r a p i d  means f o r  enhanc ing  i m p e r c e p t i b l e  d e n s i t y  v a r i a t i o n s ,  

t o  r e v e a l  s i g n i f i c a n t  d a t a .  (5)  

O ~ t i c a l  Method 

Images can  a l s o  b e  d e s c r i b e d  i n  te rms of t h e i r  s p a t i a l  

f r equency  components. J u s t  a s  complex e l e c t r o n i c  wave forms 

can  be  broken down by a  spec t rum a n a l y z e r  i n t o  f r e q u e n c y  

components,  s o  can a  p h o t o g r a p h i c  image be  o p t i c a l l y  broken 

down i n t o  a  two-dimens ional  p a t t e r n  o f  f r e q u e n c y  components.  (13) 

I n  t h e  e l e c t r o n i c  c a s e ,  one g e t s  t h e  F o u r i e r  t r a n s f o r m  o f  a  

wave form, w h i l e  o p t i c a l l y  one g e t s  a  two-dimens ional  F o u r i e r  

t r a n s f o r m  of  an  image. A two-dimens ional  F o u r i e r  t r a n s f o r m  

i s  s i m i l a r  t o  an X-ray d i f f r a c t i o n  p a t t e r n .  I n  e l e c t r o n i c s ,  

f r e q u e n c y  s e n s i t i v e  d e v i c e s  s u c h  a s  f i l t e r s  and a m p l i f i e r s  a r e  

u s e d  t o  e l i m i n a t e  n o i s e  and o t h e r w i s e  change t h e  f r equency  

c o n t e n t  of  t h e  s i g n a l .  S i m i l a r l y ,  by o p t i c a l  methods,  



f r e q u e n c i e s  i n  a  p h o t o g r a p h i c  image can  be  p h y s i c a l l y  m o d i f i e d  

th rough  s p a t i a l  f i l t e r i n g .  Such p r o c e s s i n g  i s  p o s s i b l e  because  

t h e  two-dimens ional  F o u r i e r  image t r a n s f o r m  i s  a c t u a l l y  a  p h y s i -  

c a l  a r r a y  of  l i g h t  p o i n t s  on a  p l a n e  i n  s p a c e .  Each l i g h t  

p o i n t  i s  e q u i v a l e n t  t o  a  p a r t i c u l a r  s p a t i a l  f r e q u e n c y  and t h e  

b r i g h t n e s s  of t h a t  p o i n t  i s  p r o p o r t i o n a l  t o  t h e  a m p l i t u d e  of  

t h e  c o r r e s p o n d i n g  f r e q u e n c y .  To v a r y  t h e  c h a r a c t e r i s t i c s  o f  an  

image t r a n s f o r m ,  i t  i s  n e c e s s a r y  o n l y  t o  i n t e r p o s e  a  l i g h t  

f i l t e r  i n  t h e  t r a n s f o r m  p l a n e .  By s e l e c t i n g  a  f i l t e r  w i t h  t h e  

p r o p e r  o p t i c a l  d e n s i t y  and p a t t e r n ,  one can s e l e c t i v e l y  p r e v e n t  

unwanted f r e q u e n c i e s  from p a s s i n g  th rough  t h e  t r a n s f o r m  p l a n e .  

Thus a  c o h e r e n t  o p t i c a l  f i l t e r i n g  sys tem can  s u c c e s s f u l l y  e l i m -  

i n a t e  many t y p e s  of  p h o t o g r a p h i c  image problems.  The d e g r e e  of  

f i l t e r i n g  s u c c e s s  depends on t h e  q u a l i t y  of  t h e  l e n s e s  used .  

A t y p i c a l  o p t i c a l  enhancement sys t em i s  shown i n  F i g u r e  

A - 4 .  The n e g a t i v e  o r  f i l m  t r a n s p a r e n c y  i s  i l l u m i n a t e d  by a  

l a s e r  l i g h t  t h a t  i s  e i t h e r  monochromatic o r  quas imonochromat ic .  

The l e n s  f o l l o w i n g  t h e  t r a n s p a r e n c y  f o c u s e s  t h e  l i g h t  a t  t h e  

F o u r i e r  t r a n s f o r m  p l a n e .  The second o b j e c t i v e  l e n s  r e c o n s t r u c t s  

t h e  o r i g i n a l  t r a n s p a r e n c y  minus any i n f o r m a t i o n  which had  been  

removed by t h e  s p a t i a l  f i l t e r  p l a c e d  i n  t h e  F o u r i e r  t r a n s f o r m  

p l a n e .  The g e n e r a l  o p t i c a l  sys t em c o n s i s t s  of  a  p r e c i s e ,  shock  

a b s o r b i n g ,  o p t i c a l  bench w i t h  mounts and h o l d e r s  a l l o w i n g  l e n s  

and f i l t e r  changes a s  r e q u i r e d .  The c h o i c e  of  f i l t e r s  v a r i e s  

w i d e l y .  S p a t i a l  f i l t e r s  t a k e  t h e  form of  c i r c u l a r  a p e r a t u r e s ,  

s e c t o r  wedges,  w i r e s ,  o r  o t h e r  e m p i r i c a l l y - d e t e r m i n e d  s h a p e s  

( s e e  F i g u r e  A - 5 ) .  I f  low s p a t i a l  f r e q u e n c i e s  a r e  t o  be  e l i m -  

i n a t e d  a t  a l l  o r i e n t a t i o n s ,  t h e  f i l t e r  c o n s i s t s  of an opaque 

d i s c .  The c u t o f f  f r e q u e n c y  depends on t h e  r a d i u s  of t h e  c i r c l e  

o r  d i s c .  High f r e q u e n c i e s  can  be removed by u s e  of  a  s t a n d a r d  

p h o t o g r a p h i c  i r i s  diaphragm. Wedge-shaped f i l t e r s  a r e  used  t o  

remove l i n e a t i o n s  o r  s t r i a t i o n s .  
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The o p t i c a l  sys tem i s  o f t e n  u s e d  f o r  p a t t e r n  r e c o g n i t i o n .  

Thus p r e d e t e r m i n e d  p a t t e r n s  o r  g e o m e t r i c  s h a p e s  such  a s  chromo- 

somes i n  b i o l o g y ,  o r  s h i p s  o r  t a n k s  i n  m i l i t a r y  i n t e l l i g e n c e ,  

a r e  p r e - e v a l u a t e d  and p l a c e d  on t h e  f i l t e r .  By comparing t h e  

known F o u r i e r  t r a n s f o r m  p a t t e r n s  f o r  t h e s e  shapes  w i t h  t h e  un-  

known t r a n s p a r e n c y ,  one can  d e t e r m i n e  t h e  p o s s i b l e  a v e r a g e  

d i s t r i b u t i o n  and d e n s i t y  of t h e  chromosomes o r  s h i p s  o r  t a n k s  

p r e s e n t  i n  t h e  p a t t e r n .  P o t e n t i a l  e x t e n s i o n  of  t h i s  t e c h n i q u e  

t o  homogenei ty o f  U02+2S w t %  Pu02 s i n t e r e d  p e l l e t s ,  o r  v o i d s  

i n  i r r a d i a t e d  m a t e r i a l s ,  i s  be ing  s t u d i e d .  A t y p i c a l  commercial  

example of  t h i s  c o h e r e n t  o p t i c a l  sys t em i s  a v a i l a b l e  from Con- 

d u c t r o n  C o r p o r a t i o n  and i s  known a s  L a s e r  Scan .*  Thus t h e  u s e  

of c o h e r e n t  o p t i c s ,  a l t h o u g h  s t i l l  b e i n g  deve loped ,  and on ly  

a p p l i e d  i n  a  l i m i t e d  manner t o  m a t e r i a l s  t e c h n o l o g y ,  o f f e r s  

" r e a l  t ime" image enhancement c a p a b i l i t y .  The main a d v a n t a g e s  

of t h i s  sys t em a r e  i t s  e f f i c i e n t  s t o r a g e  of  t h e  l a r g e  amount of  

d a t a  i n  a  p i c t u r e  ( t h e  f i l m  i s  u s e d  a s  t h e  s t o r a g e )  and t h e  

h i g h  p r o c e s s i n g  s p e e d  due t o  t h e  i m p l i c i t  p a r a l l e l  p r o c e s s i n g  

of a l l  e l e m e n t s  s i m u l t a n e o u s l y .  I t  h a s  t h e  d i s a d v a n t a g e s  of  

b e i n g  touchy t o  o p e r a t e  and t h e r e f o r e  i s  s u b j e c t  t o  anomal i e s  

such  a s  i m p e r f e c t  o p t i c a l  components ,  c l e a n l i n e s s ,  o r  a l i g n m e n t ,  

and i t  has  t h e  i n a b i l i t y  t o  h a n d l e  n o n l i n e a r  problems ( a s  com- 

p a r e d  t o  t h e  computer ) .  The s u g g e s t e d  accuracy  o f  t h e  computer 

i s  ~ 0 . 0 1 8 % ,  w h i l e  t h e  b e s t  one can  e x p e c t  from a  p r e s e n t  c o h e r e n t  

o p t i c a l  sys t em i s  3 t o  5 p e r c e n t .  

Computer Method 

One o f  t h e  more r e c e n t  developments  i n  computer t e c h n o l o g y  

i s  p i c t u r e  o r  image p r o c e s s i n g .  Advances i n  t h i s  domain have 

been r a p i d ,  p r o l i f i c ,  and e x t r e m e l y  u s e f u l .  The most c u r r e n t  

* Trademark of Conductron Corporation, Ann Arbor, Michigan. 



examples a r e  t h e  computer enhancement of  t h e  M a r i n e r ,  Ranger,  

and moon p i c t u r e s  from t h e  NASA space  programs.  A c t u a l l y ,  

t h e  computer can  be  u s e d  t o  enhance o r d i n a r y  n e g a t i v e s  o r  

t r a n s p a r e n c i e s  o r  can  s c a n  t h e  image d i r e c t l y  and c o n v e r t  t h e  

image t o  an e l e c t r i c a l  form. For  t h e  p u r p o s e s  of  t h i s  d i s -  

c u s s i o n ,  t h e  computer method of enhancement w i l l  u s e  a  n e g a t i v e  

a s  t h e  o r i g i n a l  image form and d i r e c t  c o n v e r s i o n  i s  c o n s i d e r e d  

an advanced t e c h n i q u e  and was d i s c u s s e d  under  t h a t  s e c t i o n  of  

t h e  r e p o r t .  

The computer p r o c e s s  c o n s i s t s  i n i t i a l l y  of  s c a n n i n g  a  

n e g a t i v e  o r  t r a n s p a r e n c y .  (15 )  T y p i c a l  s c a n n i n g  equipment  i s  a  

f l y i n g  s p o t  s c a n n e r .  The r e s u l t a n t  e l e c t r i c a l  s i g n a l s  from t h e  

s c a n n e r ,  r e p r e s e n t i n g  t h e  o p t i c a l  d e n s i t i e s  on t h e  f i l m ,  a r e  

changed i n t o  n u m e r i c a l  r e p r e s e n t a t i o n s  on magne t i c  t a p e  by an  

a n a l o g - t o - d i g i t a l  c o n v e r t e r .  T y p i c a l l y  t h e r e  may be %500,000 

samples  f o r  a  1 x l - i n .  s q u a r e  t r a n s p a r e n c y .  T h i s  p r o v i d e s  a  

d i g i t a l  v e r s i o n  o f  t h e  i n p u t  p i c t u r e  f o r  computer p r o c e s s i n g .  

Then, t h e  o p e r a t i o n s  t h a t  can  be  per formed w i t h i n  t h e  g e n e r a l  

pu rpose  computer i n c l u d e  smoothing ,  edge d e t e c t i o n ,  c o r r e l a t i o n ,  

p a t t e r n  ma tch ing ,  d i s t o r t i o n ,  f i l t e r i n g ,  a d d i t i o n  and s u b t r a c -  

t i o n  of  g r a y  t o n e s ,  c o n t r a s t  s h a r p e n i n g ,  i n v e r s i o n  of  g r a y  

t o n e s  ( b l a c k  t o  w h i t e  and v i c e  v e r s a ) .  These computer 

m a n i p u l a t i o n s  can  t h e n  be  p u t  on a  CRT i n t e r m e d i a t e  d i s p l a y  

c o n s o l e  f o r  i n t e r p r e t a t i o n  and c h o i c e  of f i n a l  image. A f t e r  

t h e  d e c i s i o n s  o f  optimum image c h a r a c t e r i s t i c s ,  t h e  p r o d u c t  o f  

t h e  computer o p e r a t i o n s  i s  a n o t h e r  d i g i t a l  t a p e  c o n t a i n i n g  t h e  

enhanced d a t a ,  o r ,  t h e  d a t a  can  b e  s t o r e d  f o r  l a t e r  comparison 

w i t h  s i m i l a r  d a t a .  The f i n a l  p r o d u c t  i s  o b t a i n e d  from t h e  

h i g h  r e s o l u t i o n  image produced by t h e  m i c r o f i l m  p r i n t e r  under  

computer t a p e  c o n t r o l .  T h i s  o p e r a t i o n  i s  a n  i n v e r s e  o f  t h e  

o r i g i n a l  s c a n n i n g  o p e r a t i o n .  T h i s  t y p i c a l  p r o c e s s  i s  i l l u s -  

t r a t e d  i n  F i g u r e  A-6. 
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There  a r e  many v a r i a t i o n s  on t h e  i n p u t - o u t p u t  p r o c e d u r e s  

and sys tem mechanics .  A t  t h e  i n p u t ,  t h e  p i c t u r e  can  be  s p e c i -  

f i e d  by o p t i c a l ,  mechan ica l ,  o r  e l e c t r i c a l  s c a n n i n g  o r  s e n s i n g  

d e v i c e s .  One of  t h e  main advan tages  of  t h e  computer sys t em 

i s  t h e  h i g h  d e g r e e  o f  f l e x i b i l i t y  a v a i l a b l e  i n  t h e  computer 

o v e r  e i t h e r  t h e  p h o t o g r a p h i c  o r  t h e  o p t i c a l  method. For  

example,  f i l t e r i n g  o f  n o i s e  and u n d e s i r a b l e  m a t r i x  d a t a .  I t  

s h o u l d  be  n o t e d  t h a t  t h e  g r a y  s c a l e s  mentioned i n  t h e  pho to -  

g r a p h i c  method a r e  s i m i l a r l y  a  p a r t  o f  t h i s  method. I n  t h e  

i n i t i a l  s c a n n i n g  o p e r a t i o n ,  t h e  g r a y  s c a l e s  o r  d e n s i t i e s  a r e  

c o n v e r t e d  t o  numbers;  e . g . ,  low numbers r e p r e s e n t  low d e n s i t i e s  

and h i g h  numbers r e p r e s e n t  h i g h  d e n s i t i e s .  The number o f  g r a y  

t o n e  e x t r a c t i o n s  i s  s i m i l a r ,  i n  t h a t  8 ,  1 6 ,  32, o r  64 g r a y  

l e v e l s  a r e  u s e d  i n  t h e  computer enhancement work. 

One o f  t h e  major  f a c t o r s  i n v o l v e d  i n  a l l  o f  t h e s e  enhance-  

ment t e c h n i q u e s  i s  r e s o l u t i o n .  I n  f a c t ,  t h e  l i m i t i n g  f a c t o r  

i n  image p r o c e s s i n g  i s  n o i s e  such  a s  g r a i n  s i z e  on t h e  n e g a t i v e  

o r  equipment n o i s e  i n  t h e  sys t em.  I t  i s  a  p r imary  f a c t o r  i n  

t h e  o r i g i n a l  c h o i c e  of  f i l m .  For  i n s t a n c e ,  i f  c o a r s e  g r a i n  

f i l m  i s  used  t h e r e  i s  l i t t l e  v a l u e  i n  u s i n g  an  e x p e n s i v e ,  h i g h  

r e s o l u t i o n  s c a n n i n g  d e v i c e .  However, r e c e n t  t e c h n i q u e s  a t  

J e t  P r o p u l s i o n  L a b o r a t o r y  have i l l u s t r a t e d  means of  minimiz ing  

t h e  g r a i n  n o i s e  problem. Two, t h r e e ,  o r  more n e g a t i v e s  a r e  

t a k e n  a t  t h e  same t ime .  These n e g a t i v e s  a r e  t h e n  image 

p r o c e s s e d  and t h e  computer i s  c a p a b l e  of  i d e n t i f y i n g  minute  

d i f f e r e n c e s  between t h e  s i l v e r  i o d i d e  g r a i n s  on each  n e g a t i v e  

and t h r o u g h  i t s  h i g h  f l e x i b i l i t y ,  t h e  computer can  s u b t r a c t  

o u t  t h e  g r a i n  n o i s e  and i n  t h i s  way f u r t h e r  enhance t h e  

r e s u l t s .  The t a k i n g  o f  t h r e e  n e g a t i v e s  i s  r e l a t i v e l y  cheap 

b u t  must be  c o n s i d e r e d  a t  t h e  e x a c t  t ime  of  p i c t u r e  t a k i n g  a s  

i t  canno t  always be  p i c k e d  up a t  a  s u b s e q u e n t  t i m e ;  e .g . ,  

n e u t r o n r a d i o g r a p h y  o f  i r r a d i a t e d  m a t e r i a l s .  L ikewise ,  t h e  

r e s o l u t i o n  of  t h e  s c a n n i n g  d e v i c e  (beam s p o t  s i z e )  must b e  
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s t r o n g l y  c o n s i d e r e d .  High r e s o l u t i o n  s c a n n e r s  coup led  w i t h  f i n e  

g r a i n e d  f i l m  w i l l  p roduce  tremendous q u a n t i t i e s  o f  d a t a .  I f  

t h e s e  d a t a  a r e  t o  be  man ipu la t ed  and p o s s i b l y  s t o r e d ,  t h e  com- 

p u t e r  memory c a p a b i l i t y  becomes a  l i m i t i n g  f a c t o r .  

C o o r d i n a t i o n  and p l a n n i n g  a r e  a  n e c e s s i t y  i n  d e s i g n i n g  and 

u s i n g  t h e  optimum equipment  i n  t h i s  image enhancement t e c h n i q u e .  

I t  s h o u l d  be  n o t e d  t h a t  due t o  t h i s  computer  l i m i t a t i o n ,  i t  i s  

t h e  u s u a l  p r a c t i c e  t o  u s e  o n l y  key p a r t s  o f  a  n e g a t i v e  r a t h e r  

t h a n  t h e  e n t i r e  n e g a t i v e ,  which i s  common i n  t h e  p h o t o g r a p h i c  

p r o c e s s .  The a p p l i c a t i o n  o f  computer image enhancement h a s  

been  wide ,  w i t h  emphasis  i n  t h e  s p a c e ,  e l e c t r o n i c s ,  a e r i a l  

photography f o r  g e o l o g i c a l ,  a g r i c u l t u r a l  and m i l i t a r y  i n t e l l i -  

gence ,  and m e d i c a l  f i e l d s ,  b u t  n o t i c e a b l y  l a c k i n g  i n  m a t e r i a l s  

development .  The computer and a s s o c i a t e d  equipment  s o f t w a r e  

development  work h a s  been  e x t e n s i v e  a s  n o t e d  by t h e  d e p t h  of  

t h e o r e t i c a l  and e n g i n e e r i n g  development  a c t i v i t i e s  i n  t h e  
l i t e r a t u r e .  (1 ,298916917 ,18219)  Many c u r r e n t  t e c h n i c a l  j o u r n a l s  

c o n t a i n  e x t e n s i v e  i n s t r u m e n t a t i o n  a d v e r t i s i n g  t h a t  u s u a l l y  i n -  

c l u d e s  t y p i c a l  d i s p l a y  methods f o r  enhanc ing  images.  

The computer  method of  enhancement has  a  v e r y  h i g h  d e g r e e  

of  f l e x i b i l i t y  i n  d a t a  m a n i p u l a t i o n ,  h i g h  c o s t ,  h i g h  volume, 

h i g h  a c c u r a c y ,  and i s  g e n e r a l l y  somewhat s low.  I t  i s  t r o u b l e  

f r e e  once t h e  sys t em i s  i n  o p e r a t i o n  and can h a n d l e  n o n l i n e a r  

problems.  I n  p r a c t i c e ,  t h e  a c c u r a c y  of  d i g i t a l  computer  image 

p r o c e s s i n g  i s  l i m i t e d  by t h e  f i l m  s c a n n e r .  
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