
C O M P U T E D  TOMOGRAPHY S T A T U S  

B .  D .  Hansche 
S N L A  D i v i s i o n  7 5 5 1  

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendhtion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 

NOTICE 
PORTlBNS OF THIS REPORT ARE ILLEGIBLE. 
It has been reproduced from the best 
available copy to permit the broadest 
possible availability. - .  &-e 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



COMPUTED TOMOGRAPHY STATUS 

B. D. Hansche 
SNLA Division 7551 

SUMMARY 

Computed tomography (CT) is a relatively new radiographic 
technique which has become widely used in the medical field, 
where it is better known as computerized axial tomographic 
(CAT) scanning. This technique is also being adopted by the 
industrial radiographic community, although the greater 
range of densities, variation in sample sizes, plus possible 
requirement for finer resolution make it diEficult to dupli- 
cate the excellent results that the medical scanners have 
achieved . 

INTRODUCTION 

CT displays a radiographic cross-section of a solid object, 
a s  if the object had been sliced, and viewed normal to the 
slice plane. There is no overlapping of images as there is 
in conventional projection radiography. It is also more 
sensitive to small changes in density than conventional 
radiography--typical medical systems claim Q . 5 %  sensitivity, 
compared to 1% to 2% sensitivity for projection radiography. 
The best spatial resolution claimed by the medical scanners 
is in the 0 . 5  mm range. 

CT data is taken by scanning a beam of X-ray photons through 
a well defined planar section of object, and detecting the 
transmitted beam with an electronic detector, a s  depicted in 
Fig. I. There are various conventional scan geometries 
which have been "named". The simplest is the "first gener- 
ation", where a single detector is used and the beam is 
translated through the object in the scan plane, taking lq 
to 18091 data points depending on resolution required. Each 
data point represents a line integral of density through the 
part. T h e s e  d a t a  p o i n t s  together c o n s t i t u t e  o n e  
"projection". The object is then rotated about an axis 
perpendicular to the scan plane and another projection is 
taken. Again depending on required resolution, tens to 
hundreds of projections are taken, covering at least 1 8 f l  
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degrees of object rotation. A "second generation" scan uses 
an array of several detectors, taking several projections in 
one translation of the part. The X-ray beam must be fanned 
out to cover the aperture spanned by all the detectors. A 
"third generation" scan has sufficient detector array aper- 
ture to allow all data to be taken by rotating the part 
only--no translation is necessary. Finally, a "fourth 
generation" configuration refers to a ring of 360 degrees of 
detectors surrounding the part, and only the source moves, 
encircling the part once to gather an entire data set. 

When the data is taken, it must be "reconstructed" into an 
image. There are various algorithms for this, depending on 
the nature of the object, scan geometry, and processing 
computer. A reconstruction may take many minutes o n  a 
general purpose minicomputer, or a few seconds on the 
special-purpose, hardwired, pipeline processors used on the 
medical scanners. Once a digital image exists, it is dis- 
played using video techniques, and since it is in digital 
Eorm, it is convenient to apply many "conventional" image 
processing techniques, such as zoom, psuedocolor, etc. 

The medical field is nearly an ideal arena for development 
oE CT technology, in that the objects of interest are 
roughly the same size, and constructed o f  well-known 
materials which don't vary greatly in density. The market is 
also well established, and many man-years and millions of 
dollars have gone into development of medical C A T  scanners. 
A typical medical scanner costs from , 7 5  to 2.5 million 
dollars. Industrial scanners have not become as popular. 
Unfortunately, the proper radiographic source, detector 
type and size, and part handling hardware are all very 
strongly dependent on object material and geometry, making 
it nearly impossible to build a "general" CT scanner for 
industrial radiography. This situation implies a rather 
uncertain market for industrial machines, which causes them 
to be rather scarce. 

LITERATURE SURVEY 

There is a large quantity of literature in the medical 
journals, most oE which deals with how to use the medical 
machines, giving case histories and diagnostics performed 
with CAT scanning. We have not investigated this category 
since it does not seem applicable to industrial radiography. 
We did subscribe to the Journal of Computer Assisted 
---------- To mo g r a ph y , w h i c h i s u n - ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ i ~ ~ - ~ e ~  i c a 1 in 
content--we will not renew o u r  subscription. We do have 
copies of several reports and reprints which are useful. 
The reports are all status o r  final reports on government 
c o n t r a c t s  to i n v e s t i g a t e  t o m o g r a p h y  f o r  s p e c i f i c  
applications--mostly rocket motor inspection, There appears 
to be no particular journal towards which technical articles 
on CT have gravitated, although the November, 1982 issue oE 
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M a t e r i a l s  E v a l u a t i o n  was d e v o t e d  t o  tomography,  a s  was t h e  
March, 1 9 8 m P r o c e e d i n g s  o f  t h e  I E E E .  

T h e r e  h a v e  been  s e v e r a l  books  p u b l i s h e d  on t h e  s u b j e c t .  Two 
which w e  h a v e  o b t a i n e d  c o p i e s  oE; and which a p p e a r  t o  c o v e r  
t h e  "how and why" q u i t e  a d e q u a t e l y ,  a r e :  

G.  T ,  Herman, Image  R e c o n s t r u c t i o n  f r o m  P r o j e c t i o n s ,  
Academic p r e s s ,  198cI. 

T ,  H .  Newton a n d  D, G .  P o t t s ,  e d ,  R a d i o l o e y  -- -------- o f  t h e  
S k u l l  a n d  B r a i n ,  Volume F i v e :  T e c h n i c a l  A s p e c t s  o f  
Computed Tomography, C. V. Mosby c o . ,  1981. 

Dr. Herman h a s  two o t h e r  books  on t h e  s u b j e c t ,  which w e  h a v e  
on o r d e r :  

G .  T ,  Herman ,  Image  R e c o n s t r u c t i o n  from P r o j e c t i o n s :  
ImDlemen ta t ion  and A D D l i c a t i o n s ,  S p r i n q e r ,  1980.  

G ,  T .  H e r m a n ,  M a t h e m a t i c a l  A s p e c t s  o f  C o m p u t e r i z e d  
Tomography, S p r i n g e r ,  1981. 

D r  Herman  r e l i e d  on  c o m p u t e r  s i m u l a t i o n  f o r  many o f  t h e  
e x a m p l e s  a n d  c o n c l u s i o n s  i n  h i s  b o o k ,  T h e  s i m u l a t i o n  
s o f t w a r e ,  c a l l e d  SNARK77, is e v i d e n t l y  i n  t h e  p u b l i c  domain ,  
and is a v a i l a b l e  Erom h i m  for a $ 1 0 0  copy  fee  a t  t h e  f o l l o w -  
i n g  a d d r e s s :  

Dr. G .  T. Herman 
R a d  iology Associates 
Medica l  Imaging  S e c t i o n  
H o s p i t a l  o f  t h e  U n i v e r s i t y  o f  P e n n s y l v a n i a  
3480 S p r u c e  S t / G l  
P h i l a d e l p h i a ,  Ph  191a4  
( 2 1 5 )  662-3000 

W e  h a v e  o r d e r e d  a copy  o f  t h i s  s o f t w a r e ,  

T h e r e  is a l s o  a n o t h e r  p u b l i c  domain s o f t w a r e  p a c k a g e ,  a v a i l -  
a b l e  f o r  f r e e :  

Donner A l g o r i t h m s  for R e c o n s t r u c t i o n  Tomography 
A v a i l a b l e  f rom: 
R e s e a r c h  M e d i c i n e  Croup  
Donner L a b o r a t o r y  
Lawrence B e r k e l e y  L a b o r a t o r y  
U n i v e r s i t y  oE C a l i f o r n i a  
B e r k e l e y ,  CA 9 4 7 2 0  
A t t n :  R E C L B L  I i h r a r y  



T h i s  p a c k a g e  d o e s n ' t  h a v e  a s  e x t e n s i v e  a s i m u l a t i o n  
c a p a b i l i t y  a s  t h e  SNARK77 p a c k a g e ,  b u t  i t  seems t o  b e  more 
commonly used  f o r  r e c o n s t r u c t i o n  of r e a l  d a t a .  

T h e r e  a r e  a l s o  some b r o c h u r e s  p u t  o u t  b y  G E  w h i c h  g i v e  a 
v e r y  r e a d a b l e  i n t r o d u c t i o n  t o  C T ,  w i t h  l o t s  o f  d i a g r a m s  
(many o f  w h i c h  I b o r r o w e d  f o r  t h e  s p o k e n  v e r s i o n  o f  t h i s  
p r e s e n t a t i o n )  : 

G E  M e d i c a l  S y s t e m s  D i v i s i o n ,  B r o c h u r e  n o .  4 6 9 1 :  
" I n t r o d u c t i o n  t o  Computed Tomography'' 

I B I D ,  B r o c h u r e  no.  4870: " T e c h n i c a l  Pe r fo rmance  o f  t h e  
CT/T System" 

CONTACTS AND V I S I T S  

To g e t  t h e  most  t i m e l y  i n f o r m a t i o n  on who was d o i n g  w h a t  i n  
industrial CT, and to get a better feel €or t h e  magnitude o f  
t h e  t a s k  by  v i e w i n g  some h a r d w a r e ,  w e  f e l t  t h a t  some v i s i t s  
t o  v a r i o u s  p e o p l e  who were a c t i v e  i n  t h e  f i e l d  were i n  
o r d e r .  The f o l l o w i n g  is a c h r o n o l i g i c a l  l ist  o f  our tomog-  
r a p h y  r e l a t e d  t r i p s ,  w i t h  commentary.  Here, J W G  r e f e r s  t o  
J i m  G r i t h r i e ,  and BDH reEers t o  Bruce  Hansche ,  b o t h  SNLA Div.  
7551. 

Mar 1 7 ,  1982 J W G ,  BDH LANL 

W e  s p o k e  w i t h  R o g e r  M o r r i s ,  Ron S t r o n g ,  and  D i c k  K r u g e r ,  
and t o u r e d  t h e i r  l a b s .  They h a v e  a h o m e - b u i l t  f i r s t  g e n e r -  
a t i o n  s y s t e m ,  u n d e r  t h e  c o n t r o l  o f  a DEC PDP/11. They do  
r e c o n s t r u c t i o n s  o n  t h e i r  VAX, a n d  d i s p l a y  d a t a  o n  t h e i r  
COMTAL.  T h e y  h a v e  b o t h  i s o t o p e  " p i g s "  a n d  t u b e  s o u r c e s ,  
s h i e l d e d  t o  a l l o w  a l i g n m e n t  o f  t h e  s y s t e m  b y  h a n d .  T h e i r  
c o l l i m a t o r  c o n s i s t s  of two o r t h o g o n a l  "s l i ts"  made o f  a h i g h  
d e n s i t y  m a c h i n a b l e  t u n g s t e n  a l l o y  , e a c h  m i c r o m e t e r  a d j u s -  
t a b l e ,  s o  t h e y  c a n  o b t a i n  a n y  r e c t a n g u l a r  a p e r t u r e  down t o  a 
few t h o u s a n d t h s  o f  an  i n c h .  

K r u g e r  h a s  d o n e  some s t u d i e s  o f  r e c o n s t r u c t i o n  a l g o r i t h m s ,  
i n v o l v i n g  b o t h  e x p e r i m e n t  and s i m u l a t i o n ,  which h e  d e s c r i b e s  
i n  a p a p e r  i n  t h e  November ,  1982 M a t e r i a l s  E v a l u a t i o n .  H e  
i n d i c a t e d  t h a t  h e  m i g h t  be  l e a v i n g  LANL s o o n ,  a n d  i n d e e d  h e  
i s  now w i t h  S A 1  i n  A r i z o n a .  

Dec 7-9, 1982 J W G  A d v a n c e d  DoD M a n u f a c t u r i n g  
T e c h n o  1 o g y Ra  d i o 1 o g i c a 1 
P l a n n i n g  W o r k s h o p ,  P h o e n i x ,  
A Z .  



This meeting was cosponsored by the DOD Manufacturing 
Technology Advisory Group (MTAG) and the American Society 
for Testing and Materials (ASTM). An MTAG report containing 
general and background information, workshop program, con- 
clusion and recommendations is available. 

The workshop program included the following sessions: 

Real Time Imaging 
Computerized Axial Tomography (CT) 
Digital Enhancement 
Automatic Image Analysis 

The sessions consisted of two state of the art paper presen- 
tations and a workshop panel discussion. CT presentations 
were made by: 

1) Tom Kincaid, NDT manager for General Electric Company, 
Schenectady, New York, who described the CT capability 
developed for the tr i-service funded Integrated Blade 
Inspection System at GE's Evendale, Ohio jet engine 
facility. (That system and a visit to Evendale is 
discussed elsewhere in this report). 

2) Harvey Peck, Operations Program Manager, Aerojet 
Strategic Propulsion Company, Sacramento , California , 
who described two CT systems under construction at 
Aerojet which were commissioned by the Materials 
Laboratory, Air Force Wright Aeronautical Laboratories, 
Wright Patterson Air Force Base, Ohio. The charter of 
these s y s t e m s  is to significantly improve the 
capability to inspect tactical and strategic solid 
rocket motors and their components. 

A major emphasis of the Aerojet efEort w a s  the transi- 
tion from medical CT applications to industrial CT 
applications in terms of system design. Design work on 
the Aerojet CT units was done in conjunction with the 
Advanced Research and Application Corporation (ARACOR) 
in Sunnyvale, California. 

Jan 26 , 1 9 8 3  JWC;,! BDH A d v a n c e d  R e s e a r c h  a n d  
Applications Corp (ARACOR) , 
Sunnyvale, CA. 

We met with Jim Stanley, Alan Young, Mike Boyle, and S.  
Thomas Workman. ARACOR is a major part of the design team 
€ o r  the two large CT systems being installed at AEROJET f o r  
the Air Force (AF/ACTS-I and 11--see May 12, 1983 below, and 
Fig. 3). They are a "high-tech consulting" firm, and have 
had previous dealings with SNLA (R. Schellenbaum, 9 2 5 2 ) .  
They have an extensive simulation program which includes 
beam hardening, scattering, and divergence. We approached 



them later (May 8 3 )  about the possibility of our purchasing 
this software, but their current decision is not to sell it. 
They will use it to study individual problems on a consult- 
ing basis. The existing scanner is also available for 
"demonst rat ion projects" through AEROJET.  

They indicated that our desire to build a "general purpose" 
CT scanner was unrealistic, and suggested that we do a more 
thorough internal "market survey" to set some bounds o n  
object size, material, and required resolution. 

They have a design €or a high resolution (a few thousandths 
inch spacing) detector array which they would like to build 
a system (a "tomographic microscope") around. We intend 
to follow this up, perhaps joining with LANL to fund a 
development project. 

Jan 27, 1983 JWG, BDH SNLL 

We met with Chuck Oien, 8444. Chuck did a Masters thesis in 
tomography of nuclear fuel bundles using a limited number 
o f  views. His thesis advisor operates a consulting firm, 
and one of their specialties is CT. They are: 

John and Claudia Barton 
Neutron Radiography Consulting 
5789 Waverly Ave. 
San Diego, CA 
714-459-7604 

Chuck has a contract with Scientific Measurement Systems to 
do CT on hot isostatic pressed ( H I P )  pressure vessels--they 
a r e  l o o k i n g  for w a l l  thickness variations (lack o f  
concentricity) on the order of .005 inch. In a follow-up 
call on June 2 1983, Chuck said that they were happy with 
the results so far, and would continue the program. (He did 
feel that there was an unjustifiable delay in processing and 
reporting on the data.) 

.Jan 28, 1983 JWG, BDH S c i e n c e  Applications Inc. 
(S.41) , San Diego, C A .  

We met with RaulE Polichar, and John Reed. They are 
designing a CT inspection system for nuclear reactor p l u m b -  
ing systems, funded by the Electric Power Research 
Institute (EPRI). They have a prototype, but didn't seem 
inclined to show it to us, nor did they give us a copy of 
any relevant reports. (We obtained one of the reports 
later). Some of the preliminary experiments for this work 
were done at LANL with Dick Kruger, and are described in his 
paper in Materials Evaluation. 



T h e y  a l s o  s u g g e s t e d  t h a t  t h e r e  i s  n o  s u c h  t h i n g  a s  a 
" g e n e r a l "  CT s c a n n e r ,  w h i c h  r e i n f o r c e d  A R A C O R ' s  s u g g e s t i o n  
t h a t  w e  n a r r o w  o u r  E i e l d  o f  o b j e c t  t y p e s .  T h e y  w o u l d  be 
i n t e r e s t e d  i n  a n y  t y p e  o f  c o n s u l t i n g  c o n t r a c t ,  e i t h e r  
h a r d w a r e  o r  s o f t w a r e .  W e  d i d n ' t  d i s c u s s  d e t e c t o r  h a r d w a r e  
a t  a l l ,  a n d  i t  w a s n ' t  c l e a r  w h e t h e r  t h e y  h a v e  a n y  e x p e r t i s e  
i n  t h a t  a r e a .  

Mar 1 0 ,  1 9 8 3  J W G ,  B D H  S c i e n t i f i c  M e a s u r e m e n t  
S y s t e m s ,  A u s t i n  TX. 

We met w i t h  I .  Lon Morgan  ( P r e s i d e n t )  and H u n t e r  E l l i n g e r .  
They g a v e  u s  a t o u r  of  t h e i r  f a c i l i t y ,  and showed u s  p i e c e s  
of d e t e c t o r  a r r a y s  b e i n g  a s s e m b l e d .  T h e i r  d e t e c t o r  i s  b a s e d  
o n  a p l a s t i c  ( N E 1 0 2 )  s c i n t i l l a t o r  c o u p l e d  t o  a c h e a p  
p h o t o m u l t i p l i e r .  The i n d i v i d u a l  c h a n n e l s  a r e  r a t h e r  b u l k y ,  
w i t h  a n  a p e r t u r e  oE p e r h a p s  .5cm b y  2 c m .  T h e i r  c u r r e n t  
" w o r k h o r s e "  CT s y s t e m  e m p l o y s  31 a c t i v e  d e t e c t o r s ,  and o n e  
r e f e r e n c e  c h a n n e l .  They u s e  a v a r i a b l e  a p e r t u r e  l e a d  c o l -  
l i m a t o r  i n  f r o n t  o f  t h e  d e t e c t o r s ,  and a m o d i f i e d  s e c o n d  o r  
t h i r d  g e n e r a t i o n  s c a n  wh ich  i n v o l v e s  i n d e x i n g  t h e  d e t e c t o r  
a r r a y  b e t w e e n  s c a n s  t o  d e c r e a s e  d i s t a n c e  b e t w e e n  s a m p l e  
p o i n t s .  T h e y  f e e l  t h a t  t h e y  a r e  a d e q u a t e l y  c o v e r e d  b y  
p a t e n t s  o n  t h i e r  d e t ' e c t o r  s y s t e m ,  a n d  t h e  t y p i c a l  
" p r o p r i e t a r y  p a r a n o i a "  seemed a b s e n t .  

T h e y  were i n  t h e  p r o c e s s  o f  s c a n n i n g  Chuck O i e n ' s  H I P  p r e s -  
s u r e  v e s s e l s  when w e  were t h e r e .  They o p e r a t e  a " j o b  s h o p "  
s c a n n i n g  o p e r a t i o n ,  s u p p l y  componen t s  and s y s t e m s ,  Tand do a: 

c o n s u l t i n g  w o r k .  They h a v e  a l s o  d o n e  some s c a n s  o f  a s a f e  
t r a n s p o r t  t r a i l e r  €o r  R. Ii .  Yoshimura ( 9 7 8 3 ) .  They h a v e  a '- 
s i m u l a t i o n  program which  a l l e g e d l y  m o d e l s  s c a t t e r i n g ,  beam 
h a r d e n i n g ,  a n d  beam s h a p e ,  a n d  t h e y  i n d i c a t e d  t h a t  t h e y  
w o u l d  be i n t e r e s t e d  i n  s e l l i n g  t h i s  s o f t w a r e .  I t ' s  n o t  
c l e a r  w h a t  r e l a t i o n s h i p  t h i s  s o f t w a r e  b e a r s  t o  t h e  SNARK77 
c o d e ,  i f  a n y .  

T h e y  w i l l  a l s o  s e l l  t h e i r  d e t e c t o r  a r r a y  i n  i nc remen t s  o f  S 
c h a n n e l s .  A 32  c h a n n e l  u n i t  would c o s t  a b o u t  $40k, e x c l u d -  
i n g  t h e  CAMAC c r a t e  ( w h i c h  is n e c e s s a r y  t o  i n t e r f a c e  t h e i r  
h a r d w a r e  t o  a c o m p u t e r ) .  

Apr 1 9 ,  1983  J W G ,  BDH' A i r c r a E t  E n g i n e  G r o u p ,  G E  
C i n c i n n a t i .  

W e  met w i t h  Chuck W o j c i e c h o w s k i ,  and  Hank S c u d d e r .  Hank i s  
from t h e  G E  r e s e a r c h  l a b s  i n  S c h e n e c t a d y ,  a n d  w a s  v i s i t i n g  
a t  t h e  t i m e .  GE's p r o m i n e n t  position i n  t h e  m e d i c a l  E i e l d  
is l a r g e l y  a r e s u l t  o f  work  d o n e  a t  t h e  S c h e n e c t a d y  l a b s .  
I n c i d e n t a l l y ,  G E  h a s  a p p a r e n t l y  made a l a r g e  commitrnent t o  
p r o d u c t i o n  oE N M R  m e d i c a l  s c a n n e r s .  



T h e  C i n c i n n a t i  l a b  i s  w i t h i n  t h e  I B I S  program ( I n t e g r a t e d  
B lade  I n s p e c t i o n  S y s t e m ) ,  which is a j o i n t  m i l i t a r y  f u n d e d  
p r o g r a m  f o r  i n s p e c t i o n  o f  t u r b i n e  b l a d e s  b y  v i s u a l ,  d y e  
p e n e t r a n t ,  x - r ay  ( i n c l u d i n g  CT) and i n f r a r e d  m e a n s .  The  CT 
s y s t e m  t h e y  a r e  c u r r e n t l y  u s i n g  is t o t a l l y  company f u n d e d ,  
h o w e v e r ,  s o  d e t e c t o r  d e v e l o p m e n t  e f f o r t s  a r e  n o t  i n  t h e  
p u b l i c  domain.  

They a r e  d e s i g n i n g  an  i o n i z a t i o n  c h a m b e r  d e t e c t o r  f o r  i n -  
d u s t r i a l  CT a p p l i c a t i o n .  Whi le  t h e y  w e r e n ' t  i n t e r e s t e d  i n  
s e l l i n g  d e t e c t o r s  " o f f  t h e  s h e l f " ,  t h e y  would be  i n t e r e s t e d  
i n  a deve lopmen t  c o n t r a c t  f o r  h i g h  r e s o l u t i o n  d e t e c t o r s .  

They were  d e b u g g i n g  a n e w  f e a t u r e  i n  t h e i r  s y s t e m  o n  
t h e  d a y  o f  o u r  v i s i t ,  s o  w e  s aw no s c a n s  d o n e ,  b u t  t h e y  
d i s p l a y e d  Some s t o r e d  i m a g e s  o f  t u r b i n e  b l a d e s  f o r  us. 
T h e y  w e r e  i m p r e s s i v e ,  t h e  c o o l i n g  c h a n n e l s  b e i n g  v i s i b l e .  
They c l a i m  .018 i n c h  r e s o l u t i o n ,  b u t  w e  saw no r e s o l u t i o n  
c a l i b r a t i o n s .  

May 4 ,  1 9 8 3  B D H  A m e r i c a n  S c i e n c e  a n d  
E n g i n e e r i n g  ( A S h E )  , Cambridge ,  MA. 

1 met w i t h  Ted K i r c h n e r  ( V i c e  P r e s .  , P r o g r a m  D e v e l o p m e n t )  
a n d  P a u l  B u r s t e i n  ( S e n i o r  S t a f f  S c i e n t i s t ) .  They showed m e  
some s l i d e s  o v e r v i e w i n g  t h e  c o m p a n y ,  a n d  some s p e c i f i c  t o  
CT. They a l s o  g a v e  m e  a t o u r ,  and I saw t h e  h a n d l e r  f o r  t h e  
CT p r o t o t y p e  t h e y  b u i l t  f o r  t h e  Navy. T h e y  h a v e  a b o u t  2 0 0  
e m p l o y e e s ,  a b o u t  2 0  i n  C T  w o r k  ( i n c l u d i n g  t h e  T r i d e n t  
p r o g r a m ) .  

----------- 

They were  i n  m e d i c a l  CT € o r  a w h i l e - - t h e y  b u i l t  a b o u t  2 5  4 t h  
g e n e r a t i o n  s c a n n e r s ,  b u t  s o l d  t h a t  p a r t  o f  t h e  b u s i n e s s  t o  
P f i z e r .  T h e y  s t i l l  make a s c a n n i n g  X- ray  s y s t e m  c a l l e d  
" M i c r o d o s e " ,  w h i c h  u s e s  a r o t a t i n g  a p e r t u r e  a n d  a s i n g l e  
l a r g e  d e t e c t o r .  They make b o t h  m e d i c a l  and baggage  i n s p e c -  
t i o n  s y s t e m s  ( n o  b a g g a g e  s y s t e m s  i n  u s e  i n  t h e  U S ) .  T h e  
i m a g e s  o n  o n e  o E  t h e i r  b a g g a g e  s y s t e m s  w e r e  q u i t e  
impress ive- -we m i g h t  l o o k  a t  one  f o r  e l e c t r o n i c  r a d i o g r a p h y  
a p p l i c a t i o n s  i n  t h e  E u t u r e .  

They  h i l i l t  a p r o t o t y p e  C T  s c a n n e r  f o r  t h e  Navy ,  t o  s c a n  
T r i d e n t  r o c k e t  m o t o r s .  T h i s  was  r e p o r t e d  i n  t h e  November 
1 9 8 2  M a t e r i a l s  E v a l u a t i o n .  T h e i r  images  a r e  among t h e  b e s t  
I h a v e  s e e n .  T h e  Navy p r o g r a m  i s  c o n t i n u i n g ,  w i t h  t h e  
deve lopmen t  oE a f u l l - s c a l e  T r i d e n t  motor  s c a n n e r  ( F i g .  2 ) .  

They  w i l l  n o t  s e l l  o r  r e v e a l  d e t a i l s  a b o u t  t h e i r  componen t s  
o r  s o f t w a r e - - t h e y  a r e  o n l y  i n t e r e s t e d  i n  s y s t e m s ,  o r  
p r o t o t y p e s  w h i c h  c o u l d  l e a d  t o  b i g  ( m a n y  h u n d r e d  k S )  
c o n t r a c t s .  They do n o t  do " j o b  s h o p "  C T ,  b u t  s e e m e d  some-  
w h a t  i n t e r e s t e d  i n  g e t t i n g  i n v o l v e d  i n  t h a t  a s p e c t - - p e r h a p s  
w o r k i n g  w i t h  a t e s t i n g  l a b  o r  o t h e r  company  w h i c h  w o u l d  



a c t u a l l y  d o  t h e  t e s t i n g .  They h a v e  a h i g h  r e s o l u t i o n  d e t e c -  
t o r  d e s i g n  ( 1 0  l p / m m )  w h i c h  t h e y  w o u l d  i n c o r p o r a t e  i n t o  a 
sys t em,  b u t  would n o t  s e l l  i t  a s  a component .  

T h e y  a r e  i n t e r e s t e d  i n  d e v e l o p m e n t  c o n t r a c t  a n d  
p r o t o t y p e  work. A program l i k e  t h e  T r i d e n t  p r o t o t y p e  m i g h t  
c o s t  a r o u n d  $400k, w h i l e  t h e y  h a v e  d o n e  p r o t o t y p e s  f o r  a s  
l i t t l e  a s  S10k. 

May 5 1983 B D H  TFX Corp.,  N e w  Haven CT 

I me t  w i t h  G a r y  B u r r o u g h s ,  ( M a r k e t i n g  Mgr.) a n d  J a m e s  
S t a m a t i e n  (Computer  S y s t e m s ) .  TFI i s  a l l i e d  w i t h  A n d r e x  i n  
C o p e n h a g e n ,  a n d  a l l  t h e i r  CT w o r k  i s  d o n e  i n  Copenhagen .  
T h e i r  ma in  b u s i n e s s  h e r e  is mEg and s a l e  o f  f i l m l e s s  r a d i o g -  
r a p h y  s y s t e m s ,  a n d  a m i c r o f o c u s  t u b e .  They had  o n l y  a few 
examples o f  CT w h i c h  were  n o t  t o o  i m p r e s s i v e ,  a n d  d i d n ' t  
know a n y  o f  t h e  d e t a i l s  ( d e t e c t o r  t y p e ,  e t c . )  

May 1 2 ,  1983 J W G ,  BDH A e r o j e t  S t r a t e g i c  P r o p u l s i o n  
Co., S a c r a m e n t o ,  CA.  

T h i s  w a s  t h e  " o f f i c i a l  c h r i s t e n i n g "  o f  t h e  AF/ACTS,-I C T  
s c a n n e r  ( F i g .  3 ) .  T h e r e  were 3 "shows" on  c o n s e c u t i v e  d a y s  
€ o r  m i l i t a r y ,  o t h e r  g o v e r n m e n t ,  a n d  i n d u s t r y ,  W e  w e r e  
i n v i t e d  o n  t h e  " i n d u s t r y "  d a y .  ( L .  W .  D a h l k e ,  S N L L  d i v  
8444, a l s o  a t t e n d e d . )  Many o f  t h e  o t h e r  c o n t a c t s  w e  h a d  
made were  t h e r e  a l s o ,  a n d  s e v e r a l  o f  t h e  "Eol low-ups"  men- 
t i o n e d  a b o v e  were  made h e r e .  T h e  c o n t r a c t  p r o v i d e s  f o r  
t e c h n o l o g y  t r a n s E e r ,  a n d  t h i s  m e e t i n g  came  u n d e r  t h a t  
h e a d i n g ,  

G a r y  C a w o o d ,  A e r o j e t  p r o g r a m  m a n a g e r ,  b e g a n  b y  g i v i n g  a n  
i n t r o d u c t i o n  t o  A e r o j e t ,  a n d  a n  o v e r v i e w  o f  t h e  p r o g r a m .  
The  p r o g r a m  b e g a n  i n  1 9 8 1 ,  and  i s  a 4 6  month p rogram.  The 
g o a l  is t o  b i i i l d ,  and t e s t  i n  a p r o d u c t i o n  e n v i r o n m e n t ,  two 
s y s t e m s ,  t h e  s m a l l e r  oE w h i c h  w a s  o n  d i s p l a y  h e r e .  T h e  
program team members and  t h e i r  r e s p o n s i b i l i t i e s  a r e :  

A e r o j e t :  P r o v i d e  t h e  s o u r c e ,  t h e  f a c i l i t y  t o  h o u s e  
t h e  s y s t e m s ,  a n d  o p e r a t e  t h e m  i n  a 
p r o d u c t i o n  e n v i r o n m e n t .  

ARACOR : P r o v i d e  t h e  d e t e c t o r  a r r a y ,  s y s t e m  
e l e c t r o n i c s ,  and  r e c o n s t r u c t i o n  h a r d w a r e  
an.d a l g o r i t h m s .  

E i m e l d i n g e n :  P r o v i d e  Eix t t i re  and h a n d l e r s .  

S y s t e m  I u s e s  a 4 2 f l  Kv X - r a y  s o ~ i r c e ,  a n d  i s  c a p a b l e  o f  
s c a n n i n g  o b j e c t s  i ~ p  t o  1 m d i a m e t e r  and 2 . 5  m t a l l ,  w e i g h i n g  
up t o  2 ,5  t o n .  Sys tem I 1  is  t o  use a 1 5  Mev l i n a t r o n ,  a n d  
b e  c a p a b l e  oE s c a n n i n g  o b j e c t s  up t o  2 . 5  m d i a m e t e r  and 5 m 



t a l l ,  System I1 is due  t o  be  r u n n i n g  i n  e a r l y  1 9 8 4 .  W h i l e  
no s p e c i f i c  E i g u r e s  were g i v e n ,  w e  u n d e r s t a n d  t h a t  t h e  t o t a l  
program f u n d i n g  is i n  t h e  S10M r a n g e ,  

G a r y  Cawood,  a t  ( 9 1 6 )  355-40915 ( S a c r a m e n t o )  is t h e  c o n t a c t  
€ o r  t e c h n o l o g y  t r a n s f e r ,  and p l a n s  t o  t a k e  t h e  p r e s e n t a t i o n  
w e  s aw " o n  t h e  r o a d " ,  p l u s  a r r a n g e  € o r  d e m o n s t r a t i o n  s c a n s  
O E  a p p r o p r i a t e  o b j e c t s .  

The n e x t  s p e a k e r  was Lee G u l l e y ,  o f  W r i g h t  P a t t e r s o n  AFB i n  
Dayton. Lee is t h e  c o n t r a c t  a d m i n i s t r a t o r  f o r  t h i s  p rogram,  
a n d  h e  s u m m a r i z e d  t h e  A i r  F o r c e  M a n u f a c t u r i n g  T e c h n o l o g y  
(MANTECH) p rog ram,  u n d e r  which t h i s  program is f u n d e d .  T h e  
MANTECH p r o g r a m  f u n d s  e s t a b l i s h m e n t  o f  new t e c h n o l o g y ,  and  
t e c h n o l o g y  t r a n s f e r ,  I t  d o e s  n o t  f u n d  c a p i t a l  i n v e s t m e n t s  
n o r  p r o p r i e t a r y  d e v e l o p m e n t .  I t s  t o t a l  1 9 8 2  f u n d i n g  was 
$89 .1  M i l l i o n .  The main CT a p p l i c a t i o n s  t h e y  a r e  i n t e r e s t e d  
i n  a r e  r o c k e t  m o t o r s ,  c a r b o n / c a r b o n  ITE's ( r o c k e t  t h r o a t s ) ,  
c a s t i n g s ,  e l e c t r o n i c s ,  a n d  t u r b i n e  b l a d e s .  T h e y  a r e  a l s o  
p a r t i a l l y  f u n d i n g  t h e  IBIS  p rogram,  d e s c r i b e d  above  ( G E ) .  

F i n a l l y ,  J i m  S t a n l e y  o f  A R A C O R  d e s c r i b e d  some s y s t e m  
d e t a i l s .  S y s t e m  I uses  -160 s o l i d  s t a t e  d e t e c t o r s  s p a n n i n g  
36 d e g r e e s  f rom t h e  s o u r c e .  T h e y  u s e  a v a r i a b l e  a p e r t u r e  
c o l l i m a t o r ,  1 t o  4 mm w i d e ,  up t o  1 5  mm h i g h .  The s o u r c e  is 
a 4 2 0  Kvp t u b e .  T h s  t e s t  c o n t r o l  and r e c o n s t r u c t i o n  is done  
o n  a D a t a  G e n e r a l  s-250 c o m p u t e r ,  w i t h  a Da ta  G e n e r a l  a r r a y  
p r o c e s s o r .  D i s p l a y  i s  o n  a 512 X 5 1 2  p i x e l  c o m m e r c i a l l y  
a v a i l a b l e  u n i t ,  f o r  which  t h e y  ( A R A C O R )  w r o t e  t h e  s o f t w a r e .  
O u t p u t  is  a v a i l a b l e  on mag t a p e  o r  f l o p p y  d i s k ,  a s  w e l l  a s  
v i d e o  

T h e i r  normal  s c a n  g e o m e t r y  is 2nd g e n e r a t i o n ,  b u t  for s m a l l  
e n o u g h  o b j e c t s  t h e y  c a n  do 3 r d  g e n e r a t i o n .  They t a k e  up t o  
2000  s a m p l e s  p e r  t r a v e r s e  ( p r o j e c t i o n )  , S c a n  t i m e  i s  5-10 
m i n . ,  a n d  r e c o n s t r u c t  t ime is 1-15 min. d e p e n d i n g  on a r r a y  
s i z e .  

CT AT S N L A .  

P r o t o t y p e  S c a n n e r s  

We h a v e  " c o b b l e d  t o g e t h e r "  a p r o t o t y p e  CT s c a n n e r  f rom p a r t s  
w e  h a d  o n  h a n d ,  i n  o r d e r  t o  g a i n  s o m e  e x p e r i e n c e  w i t h  
a c t u a l  h a r d w a r e .  O u r  s y s t e m  o p e r a t e s  i n  " f i r s t  g e n e r a t i o n "  
mode. Our i n i t i a l  source  was a lG3QKVP t u b e  w i t h  r e g u l a t e d  
power s u p p l y  which was p a r t  o f  t h e  D X T  E i x t u r e .  T h a t  s o u r c e  
p roved  t o  be  t o o  low a v o l t a g e  f o r  most  o f  t h e  t e s t  p a r t s  w e  
w a n t e d  t o  s c a n ,  s o  we h a v e  c o n v e r t e d  t o  a s t a n d a r d  300KVP 
t u b e .  T h i s  t u b e  d o e s  n o t  h a v e  a r e g u l a t e d  s u p p l y ,  s o  w e  
h a v e  b e e n  f o r c e d  t o  i n c l u d e  a r e f e r e n c e  d e t e c t o r ,  a n d  
a n o t h e r  c h a n n e l  o f  e l e c t r o n i c s  t o  s l i n p o r t  i t .  We a r e  c u r -  
r e n t l y  w o r k i n g  on c a l i b r a t i n g  the t f e r e n c e  c h a n n e l  t o  best 



remove artiEacts caused by variations in tube output. We 
.went through several iterations on detector electronics, and 
are currently using some commercial pulse shaping and energy 
discrimination electronics, and integrating the output pulse 
train. This gives us the capability to discriminate against 
low energy photons (which have a high probability of being 
undesirable scattered photons), but avoid the complexity of 
actual photon counting. 

We have tried several types O E  collimators, and have 
developed a technique for casting them from lead which will 
allow us to make a very small ( . 0 0 2  inch approximately) 
collimator i f  we need to (Fig. 4 ) .  By holding a piece of 
music wire taliat in the center of a mold, then breaking it 4 
to remove it, we can make a very clean hole. We are cur- 
rently operating with a .010 dia. round collimator, about 
1.5 inches long. Our X/Y translator is from the DXT 
equipment, and our  rotator is a special unit we built € o r  
this application. 

We are using a filtered back projection reconstruction 
program we got from C .  V. Jakowatz ( S N L A  Div. 0315). We 
have modified it sufficiently to facilitate transfer of data 
Erom our scanner, but have done no other work on the 
reconstruction algorithms. We have done all reconstructions 
s o  far on the VAX, using the COMTAL to display the results. 
We are currently i m p l e m e n t i n g  t h e  D O N N E R  c o d e s  to 
reconstruct our data. 

Figure 5 shows some typical results. Included are a 
photograph of a phantom that Jakowatz supplied, a conven- 
tional X-ray of i t ,  and two scans through it a t  
different planes. We have scanned several test pieces of 
various types f o r  our own education, but have only done one 
customer test to date. 

We have had a fixture built to accomodate commercial step- 
ping motor X / Y  and rotate devices (Fig. 7 ) .  We are 
currently working to make this fixture operational, which 
should happen late this year. We will then have the 
capability to scan parts up to 10 inches in diameter, at 
300KVP. This should allow us to do some customer work on a 
regular basis, while further developing the technique. 

Outside Contractor Demonstration Projects 

Sandia has had a f e w  t o m o g r a m s  m a d e  a t  S c i e n t i f i c  
Measurement Systems ( S M S )  on a "job-shop" basis. Richard ,-- 
Yoshimura ( 9 7 8 3 )  had some scans done of a sample section of 
an overpack used to transport radioactive waste containers. 
The phantom consisted of a steel box, about 20 inches square 
by about 10 inches deep, filled with a low density foam 
(about pl.lg/cc). The foam had voids in it, and the object 
was to find the voids. With conventional CT, all the voids 



were v i s i b l e ,  down t o  a s i z e  o f  1 c u b i c  i n c h .  S i n c e  t h e  
o v e r p a c k  w h i c h  m u s t  a c t u a l l y  b e  i n s p e c t e d  is  t o o  l a r g e  t o  
s c a n  a l l  a t  o n c e ,  a l i m i t e d  a n g u l a r  r a n g e  w o u l d  h a v e  t o  b e  
u s e d  t o  s c a n  i t  ( n e i t h e r  t h e  s o u r c e  n o r  t h e  d e t e c t o r  may 
p e n e t r a t e  t h e  w a l l ,  s o  o n l y  1 2 0  d e g r e e s  o f  d a t a  c o u l d  b e  
t a k e n . )  T h i s  s i t u a t i o n  was s i m u l a t e d  by  r e s t r i c t i n g  d a t a  t o  
120 and 9B d e g r e e s  i n  some o f  t h e  r e c o n s t r u c t i o n s .  Some 
p r e d i c t a b l e  a r t i f a c t s  were i n t r o d u c e d  i n  t h i s  mode, b u t  t h e  
p r e s e n c e  o f  v o i d s  was s t i l l  i n d i c a t e d .  

Chuck O i e n  ( S N L L  D i v .  8 4 4 4 )  a l s o  h a d  a n  e x p e r i m e n t  r u n  a t  
SMS. His o b j e c t  was  a p r e s s u r e  v e s s e l ,  a f e w  i n c h e s  i n  
d i a m e t e r ,  w i t h  a b o u t  a . 2 5  i n c h  w a l l s .  He was i n t e r e s t e d  i n  
wal l  t h i c k n e s s  v a r i a t i o n s  of  .005 i n c h e s .  S c a n s  o f  a p h a n -  
tom made o f  a p i p e  o f  s i m i l a r  d i m e n s i o n s  w i t h  s h i m s  p l a c e d  
on t h e  i n n e r  w a l l  i n d i c a t e d  t h a t  t h e  r e q u i r e d  r e s o l u t i o n  
c o u l d  be  m e t .  

F u t u r e  E f f o r t s  

W e  i n t e n d  t o  g e t  o u r  new p r o t o t y p e  s c a n n e r  r u n n i n g  l a t e  t h i s  
y e a r ,  and  g e t  some e x p e r i e n c e  w o r k i n g  w i t h  i t .  We w o u l d  
t h e n  l i k e  t o  u p g r a d e  t o  a m u l t i p l e  d e t e c t o r  s y s t e m - -  
p r e s u m a b l y  a t  h i g h  r e s o l u t i o n  ( . 0 8 5  i n c h  r a n g e ) .  T h i s  
m u l t i - c h a n n e l  d e t e c t o r  w i l l  p r o b a b l y  b e  t h e  r e s u l t  o f  a 
d e v e l o p m e n t  c o n t r a c t ,  p e r h a p s  j o i n t  w i t h  L A N L .  

We may want  t o  o b t a i n  a good package  o f  s i m u l a t i o n  s o f t w a r e .  
W e  had an  RFQ o u t  f o r  a p a c k a g e ,  b e f o r e  w e  were  aware  o f  t h e  
S N A R K 7 7  c o d e s .  W e  m u s t  d e t e r m i n e  w h e t h e r  t h e y  w i l l  b e  
a d e q u a t e  f o r  o u r  n e e d s ,  a n d  i f  n o t ,  w h e t h e r  t o  w r i t e  o r  
p u r c h a s e  a d d i t i o n a l  s o f t w a r e .  
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FIGURE CAPTIONS 

F i g u r e  1. C T  s c a n  g e o m e t r i e s .  a ) :  F i r s t  g e n e r a t i o n ,  
b ) :  Second g e n e r a t i o n ,  c )  : T h i r d  g e n e r a t i o n ,  
d ) :  F o u r t h  g e n e r a t i o n .  s o u :  s o u r c e ,  d e t :  
d e t e c t o r  ( s )  

F i g u r e  2. P roposed  AS&E T r i d e n t  r o c k e t  motor  s c a n n e r .  

F i g u r e  3 .  AF/ACTS-I s c a n n e r  a t  A E R O J E T .  

F i g u r e  4 ,  TauQat-wire  c o l l i m a t o r  c a s t i n g  f i x t u r e .  

F i g u r e  5. CT r e s u l t s  f r o m  S a n d i a  p r o t o t y p e  s c a n n e r .  
a ) :  p h o t o g r a p h  O E  c l e a r  p o t t e d  c o m p o n e n t  
phantom. h ) :  c o n v e n t i o n a l  X-ray. c , d ) :  s l i c e s  
a t  d i f f e r e n t  l e v e l s .  

F i g u r e  6 .  N e w  CT f i x t u r e .  
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C T  SCAN G E O M E T R I E S  - (a) F I R S T  GENERATION;  (b) SECOND GENERATION;  

DET : DETECTORS. 
( C )  T H I R D  GENERATION ; (a) FOURTH GENERATION. SOU : SOURCE I 
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