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I N TR O D U C T I ON

This s u r v e y  was  unde r t a k en  to i f l \  e s t iga te  ~. i lr r en t l y

a v a i l a b l e  devices  which  di g i t ize  da ta  f r o m  f i l m  to use  as  input  to a di gi tal
compu te r .  Whi le  much  i m a g e ry  may  a l r e a d y be ava i l a ble in d i g i t a l  f o r m ,

f i l m  may contain  c o l l a t e r a l  data , such  as maps , g r a p h ics  or i m a gt - r v

f r o m  othe r sou rces , which must  he c o mp ar e d  wi th p r i m a r y  di gita l da ta .
In orde r to obtain pic to r i a l  data in di g ita l  f o r m , an a n a l o g

si gna l  must  be g e n e r a t e d  w h i c h  is p r o p o r t i o n e d  to the  t r a n- i mi s s i v e  var i -

a t ions  in a f i lm . The analog s igna l  is then sampled and qu.~~ t i z e d  into

d i s c r e t e  dig ital va lues  f o r  use  as compute r  input .  T h e r e  a r e  s eve ra l  typ es

of Scann ing  S y s t em s  which can p e r f o r m  the d e s i r e d  t a s k . Each s c a n n i ng

techn ique has  i ts  own capabi l i t i es  and l imi t a t ions  w h i c h  m u s t  be c o n s i d e r e d ,

dep end ing  upon the t a s k  wh ich  mus t  be p e r f o r m e d . In general , trade—offs

m u s t  he made be tween  the p r e c i s ion  of the outpu t  data and  the speed of

data a c q u is i t i o n . E x i s t i n g  s y s tem s  wi th  the hi g h e s t  t u rn -a  r o u n d  t i me s

do not p r o v i d e  the hi ghes t  g e o m e t r i c  a c c u r a c y  or  image  density resolution ;

c o n v e r s e ly ,  those  wi th  p rec i s ion  m e n s u r a t i o n  and  g r a y - s c a l e  s e n s i t i vit y

s u f f e r  f r o m  low speed l imitat ions . The prospective user must determine

the r e l a t i v e  impor t ance  of these  pa r a m e t e r s  f o r  h i s  s p e c i f i c  app l i c a t i o n .

F o r  example , maps and gra ph ics  g e ner a l l y have  l imi ted  g ray - s c a l e  c o n t e n t ,

so that  d e n s i t y  r e s o l u t i o n  may  be of limited importance , while comparison

of c o l l a t e r a l  i m a g e r y  may r e q u i re  hi g h e r  p r e c i s i o n  in m e a s u r i n g  d e n s i ty

va r i a t i on . M e n s u r a t i o n  p r e c i s i o n  may he required for pr cisc location of

deta i {s  in a scene , but f o r  many  app l i c a t i o n s , exac t  pos i t iona l  i n f o r m a t i o n

may  be un impor tan t. Speed r e q u i r em en t s  va ry greatl y; a p r o d u c t i o n  f a c i l i t y

may  r eq u i re  the  di g i t i z a t i on  of l a r ge  a m o u n t s  ol d a t d  in a d ay ,  whi l e in a

r e s e a r c h  and dev e l o p m e n t  app l i c a t i o n  speed  may  n u t  be considered impor-

t a n t .  This  r ep o r t  at t e m p t s  to d e s c r i b e  the  g e ne  r a l  sp e c i f i c a t i o n s b r  a

s c a n n i n g/ d i g i t i z i n g  s y s t e m  and to i n d i c a te  how the  v a r i o u s  a v a il a b l e  d e v i ce s

m ee t  t he se  r e q u i  r e n i en t s .

_ _ _ _ _ _ _ _ _ _  - _~~~~~~~~~~~ ~~~~~ IITIII: -

~~~~~~~~~~~~



I
G E N E R A L SYSTEMS SPECIFICATIONS

An ideal  image  di g i t i z a t i o n  i n s t r u men t  would  p rov ide  i n f i n i t e

geomet r i c  and g ray-scale  reso lu t ion , alon g with hi g h s c a n n i n g  speed , to

exact ly reproduce this f i lm data in di gi tal  f o r m .  U n f o r t u n a t e ly, t he re  a r e

theore t ica l  and technological  l imi ta t ions  to buildin g a s c a n n e r.  P rac t i ca l

sys tem des igns  invQlve t r a d e - o f f s between va r ious  real is tic  r e q u i r e m e n t s,

depending upon the d e s i r e d  application . These  g e n e r a l  req ’ ii rements  include

resolution, a p e r t u r e/ s p o t  s ize , sampling c r i t e r i a , quan t i’a t i on , l i nea r i t y

and o r thogona l i ty ,  si gnal  to n o i s e  ra t io , and speed.

The reso lv ing  p ower  of a s y s t e m  should be equa l to or

g r e a t e r than half the s ize  of the smal les t  reso lva ble obj ec t s  on the inpu t

f i l m ;  thus the col la tera l  f i l m  S i z e  should he known b e f o r e  d e t e rm i n i n g

what  the reso lu t ion  r e q u i r e m e n t s  a re  f o r  a p a r t i c u l a r  app l ica t ion . Re so-

lution is gene ra l ly specif ied  in t e r m s  of l ines or l ine  pa i rs  per uni t  l eng th

which may he sepa ra te l y d i s t i n g u i s h e d .

A pe r t u re  or spot s ize  and shape s a r e  a lso f~~m size as

wel l  as image content dep endent .  The a p e r t u r e  should be small enoug h to

pe rmi t  resolut ion of f ine  deta i ls  in the f i l m  whi l e  col lec t ing enoug h lig ht

to min imize noise and random va r ia tion in the signal .

The sampl ing  c r i t e r i a  a r e  not n e c e s s a r i ly dependent  upon

the a p e r t u r e  c r i t e r i a . Th e N yqu is t  amp ling ra te  mus t  be c o n s i d e r e d  wi th in

the c o nst r a i n t s  of a poss ib le  loss  of b a n d w i d t h  due to  ap e r t u r e  e f f ec t s .

Quan t iza t ion  l e v e l s  mus t  be c o n s i s t e n t  with  the ove ra l l

dens i ty  r ange  of the input f i lms .  Since bit c o n t o u r i n g  which  can cause  a

v i sib l e  mot t l ing  e f f e c t  in an image , is ge ne r al !y u n a c cep t . b l e , the total

numbe r of bits f o r  sampling mus t  be l a r g e  enoug h to m i n i m ize  th is  e f f e c t .

it is g e n e r a l l y accepted  that a t  l eas t  six b i t s  (64 levels) of intensity quanti-

zation is n e c e s s a r y  f o r  an a c c ep t a b l e  r e p r e s e n t a t i o n  of a g r ay - s c a le  image .

L i n e a r i t y  and o r t h o g o n al i t y  a r e  i m p o r t a n t  cons i-  r a t i o n s

f o r  g e o m e t r i c  p r ec i s ion . The o r t h og o n a l i t y  of the scan  ax ~~s m u s t  he

p r e c i se  to e l im ina t e  s k e w i n g  or wa rping  of the sc~t n n e d  i m ag e . L i nea r i t y

p r e c i s i o n  is r e q u i r e d  to ma in ta in  prope r r e s o l u t i o n .  A .  cu ;  at ~ m e n s u r a t i o n

t a sk s , such as m a p - m a k i n g ,  r e q u i re  hi g h g~-u r m - t  n c  a c c ur a c y  f r o m  a

s c a n n i n g  device . .

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TI~~~~I~~~
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I n her e n t  lfl a l l  of the  a b o v e  r eq u i r e m e n t s  is a c o n s i d e r a t i o n

of the signal4 o -no i se  ra t io  of the  sy s t e m . E f f e c t s  which  a r e  dependent

upon th i s  pa r a m e te r  inc lude  ed ge b l u r r i n g ,  pos i t iona l  a c cu r a c y  ampl i tude
deg r a d a t i o n  and g r a y  scale r e n d i t i o n .

Speed r eq u i r e m e n t s  a r e  a n o t h e r  pa r a m e t e r  which mu s t  be

g i v e n  c a r e f u l  cons ide rat ion r e l a t i v e  to the ope ra t ional  needs  of the u s e r .

A p roduc t ion - type  f ac i l i t y  will  need a scanner  which can di g i t i ze  images

at a v e ry  high ra te , while in a r e s e a r c h  and developmen t  e n v i r o n m e n t  the

speed may be r e l a t i v e ly unimportant. Since the si gnal-to-mioise r a t io

gene ral l y dec r ea s es  with i n c r e a s i n g  t h r o u g h put speed , the op e r a t i ng  con-

d i t ions  mus t  i n f l u e n c e  this t r a d e - o f f  dec is ion .

Addi t ional  conside rat ion s f o r  a sy s t em  inc lude  color  scan

capabili ty if co l l a t e r a l  i m a g e r y  is on c o l o r  f i lm . Since i n f o r m a t i o n  d i f f e r s

be tween spec t ra l  bands , comp ar i son  be tween  color  i n f o r m a t i o n  may be

of va lue . The a bility to dig it ize f r o m  an opaque  sample may  a lso be im-

p or t an t , s ince  c r e a t i o n  of a t r a n sp a r e n c y  may modif y t h e  inuage data to

an unaccepta ble d e g r e e . In addi t ion , a s c a n n e r  m u si  ~~ c ap a b l e  of dis -

c r i m i n a t i n g  a d e n s i t y  range  compat ib le  wi th  the dens  i t v  r - r ~~ e of mput

images . If the  f i lm  con t a in s  a wide d e n s i t y r a ng e  ( o v e r  4 ciensit v units (,

the sys t em may r e q u i r e  cooling fo r  the ph o t o m ult i p l i e r  in o r d e r  t~~i mini-

rn ize  t he rma l noise  in this d e t e c t o r .

3 
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S I J I V E Y  T E c 1 I N I Q U I ;

The in i t i a l  s tep in the s u r v e y  of d igi ta l  sca~ining systems
i nvo lved  r e s e a r c h i n g  v a r i o u s  t e c h n i c a l  j o u r n a l s  to d e t e r m in e m a n u f a c t u r e r s  o~
i n s t r u men t s  which mig ht be of i n t e r e s t .  This r e s u l t e d  in a l i st of more

than 75 f i r m s . B ec a u s e  of th is  l a r g e  numbe r and l imi ted  t ime c o n s t r a i n t s ,

it was  de ide d to con t ac t  onl y those mos t  l ike l y to meet  the r e q u i r e m e n t s

c o n s i der e d  a bove . W r i t t e n  and telephone r e q u e s t s  f o r  i n f o r m a t i o n  wc re

made of s i x t e en  of these f i r m s ;  some data was a l r e a d y ava i la ble in ou r

files from four other companie s. Brochures and system descri ption s

were received from twelve of the contacted companies , ore firm was no

longer in the microdensitometer business , one company ‘~ c rha l l y s t a t ed

they  had no appl ica b l e  i n s t r u men t , whi le  three firms failed to follow

t h r o u g h on t h e i r  p r o m i s e  of do cum er lt a t i on . Of the  f i f t e en  f i r m s c o n s i d e r e d

for the  f o l l o w i n g  s u m nm a  ry, it was d e t e rm ined tha t three of these did nut

bu i ld  an i n s t  r u n i en t  of i n t e  r e s t .  A dc-tailed analysis of data ava ilablc t r o m

the  r e m a i n in g  t wel v e  compan ies  was made . No u n — S i t e  i n v e s t i g a t i o n s  of

( 1 ( V i i . es va s made because direct ohsc rvation of t b -  various instruments

was  not ( c ) n s l ( b (  red n e c e s s a r y  f o r  ‘-v a l u a t i o n  and c o m p a r is ’n  . The appendix

contains ‘ l i s t  of the o mp a n ie s  c o n s i d e re d  in the survey. Also included

in t h e  a p p e n dix  is a list of firms which w e r e  not  c o n t a c t e d  but p r o b a b ly

should  he s u r v e y e d  sometime in the future .

—-
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T Y P E S  OF S C A N N E R S

T h e r e  are two bas i c  g r o up s  of i n s t r u m e n t s  b e i n g  manu-

factured for di g i ti za t i on of f i l m  data , e l e c t r o n i c  s c a nn e r s  and e l ec t r o -

m e c h a n i c a l  d e v i c e s .  A l l  of these ope ra t e  in a beam a d d r es s a b l e  r a s t e r

scan mode. Matrix addressable scan systems arc- a potential for the

f u t u r e , u t i l i z i n g  sol id  s ta te  d ev i c e s , but a r e  not c u r  r er . t l y a v a i l a b le .
E l e c t r o n i c  s c a n n e r s  on the  m ar k e t  may  use  ca thode  ray  t .be d e v i c e s ,
v i d i c o n s , i m a g e  d i s se c t o r s , or  fl y ing spot s c a n n e r s.  E L c t r o- me c h a ni c a l
sy sterns inc lude flat — b e d  f lue r o d t n s  i t o n i e t e  r S , ro t a t i n g  d r u m  s c a n n e r s ,
a n d  r o t a t i n g  or  o s c i l l a t i ng  n r r or  i n s t r u me n t s .  A b r i ef  d i s c u s s  ion of
each  of t h e  b a s i c  s c a n n i ng  d e v i ce s  is i n c l u d e d  in the  f o l l o w i n g  p a r a g r ap hs .

E l e c t r o n i c  Scann ing  Sys tems

In e l ec t ron ic  scannin g sys t ems , li ght t r a n s m i t t e d  or
r e f l e c t e d  f r o m  an image is p r o j e c t e d  onto a pho tosens i t ive  su r f a c e .
V a r i a t i o n s  in li ght i n t ens i ty  g e n e r a t e  a c u r r e n t  si gnal  which is p r o c e s s e d
and  passed t h r o ug h an A / D  c o n v e r t e r  f or  di gital  s t o r ag e .  U s e f u l  f i lm
d en s i t y  r ange  of these  i n s t ru m e n t s  is l imited to abou t  O-Z . SD .

Somt-  l im i t a t i ons  of e l e c t r o n i c  s c a n n i ng  Sys t ems  i nv o l v e
p r o b l e m s  of beam d ef o c u s  over  the f l a t  image plant , pi n c u s h i o n  d i s t u r  -
t i on , spot halo and r e l a t i v e l y low si g n a l - t o - n o i s e  r a t i o . In gene ra l , the
l i n e a r i t y  is l imi t ed  to I - 2 p e r c e n t.  R e s o l v i n g  power  ot th i s  type of s y s t e m
is g e ner a l l y l o w e r  than with an e l e c t ro -m e c h a n i c a l  dev i ce  as the si g n a l - t o -
no i se  r a t i o  is gene ra ll y si g n i f i c a n t l y lower .  H o w e v e r , the di g i t i z a t i o n
speed of these  i n s t ru m e n t s  can be v e ry  hi gh , ~p to severa l f r a m e s  per
m inu te .

S
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Vidicon Sys tems

In a vidicon system, the l ight  r e f l e ct e d  f r o m  or t r a n s m i t t e d

through a f i lm samp le impinges  upon the pho toconduc t ive  t a r g e t  of the
vid icon . The va r i a t i on  in the local  c h a r g e  c o n c e n t r a t i on  due to the  image
on this  s u r f a c e  is c o n v e r t e d  into an e l e c t r i c a l  vol tage  (v ideo  si gna l )  b y
repeatedly s c a n n i n g  with an exp lo r ing  spot f o r m e d  by the e l e c t r o n  beam
of the tube . This  signal  is t r a n s m i t t e d  t hr o u g h  a video a mp l i f i e r  and
si gnal  c o n d i t i o ner  to a s a m p ler / d i g i t i z e r  sys t em.  Di g ita i im a ge  SIZe  is

l imi ted  to 1200 — 1 500 TV l i nes .

There  a r e  sev e r a l  l i m i t a t i o n s  i n h e r e n t  to v i d i c o n  sy s t e m s .
The photoconductive surface is , in general , not of constant thickness .

Var iat ion s of this type cause  an e f f e c t  known as the c o h e re n t  n o i s e  p r o b l e m ,
i . e . , the si gnal  will  va ry  in the same m a n n e r  f r o m  f r am e  to f r a m e  accord -

ing to g e o m e t r i c  position. Also , because  the  ph o t o c o n d u c t i ve  s u r f a c e

doe s not i n s t a n t a n e o u s ly d i s c h a r g e  the c u r r e n t  p roduced  by the exp lo r ing
electron beam , charge storage increases the signal-to-noise ratio of

the sys t em.  Beam landing e r r o r , an e f f e c t  due to the va . iation in shape
of the spot due to def lec t ion  angle , causes  a v a ry ing g e o m e t r i c  d i s t o r t i o n

which  is l a r g e s t  at the edges  of the image .

An a d v a n t a ge  of v id icon  s y s t e m s  is hi gh di g i t i z a t i o n  speeds

of a I ew  s e c o n d s  p er  f r a m e , ~~h i c - h  may  bc needed  in a p r o d u c t i o n  env i ron -

m en t . T yp ica l  v i d i c o n  s can n i n g  systems art manufactured by E M R

Pho toe lec t r i c  and Spatial Data Sys t ems .

image D i sse c t o r s

In an image  dissector s y s tem , an  image  is p r o j e c t e d  f r o m

a f i l m  s a m ple on a ph ot o e m i s s i ve  s u r f a ce . E l e c t r o n s  a rt ’  emit ted f r o m

t h e  b a .k  ot the photoca thode  in pr o p o r t i o n  to the v a r y ing li ght  i n t e n s i t y

I t h e  . p t i c a ]  i m a g e . These  e l e c t ro n s  a r e  a c c e l e r a t e d  t h r o u g h a hi gh

i ) ’ - n t I a l  t e c t rd an a p e r t u r e  plate . The e l e c t r o n  image ” is pos i t i oned



b y d e f le c t i o n  c oils so tha t any  small pa r t  of the  image  may be passed

t h r o u g h this a p e r t u r e . The r e su l t i ng  a p e r t u r e  c u r r e n t  is ampl i f i ed ,

i n teg r a t e d  and dig i t ized f o r  a g iven posit ion.  S u c c e s s i v e  de f l ec t ion s

may produce a r a s t e r  scan patte rn over  the image.

Resolut ion  of the image d i s s e c t o r  is deterr ’ined p r i m a r i ly

by the e l ec t ron  ape r t u r e  and a s soc i a t ed  e l e c t r o n  opt ics . Di g ita l image

s izes  f r o m  image dissector  devices  found in th is  s u r v ey  .ire l imited to

4096 pixels square  or less . Resolut ion is hi ghe r  than  wi th  a Vid icon

tube but is l imited , e . g .  , less than 20 line p a i rs  per m i l l i m e t e r. Dig iti-

zation speed v a r i e s ;  f o r  a 512 x 512 pixel image the t ime r a n g e s  f r o m  a

f e w  seconds to f ive  minutes , depending  on i n te gr a t i o n  t ime  se lec ted  by

op erat ional  cons t ra in t s.

DBA Sys tems  Inc .  , Dicomed Corp.  , EMR Pho toe l ec t r i c

and Photo Digitizing Sys tems Inc.  m a n u f a c t u r e  d e v i c e s  u -~mg the image

dis sec tor  as a d e t e c t o r / s c a n  mechan i sm.

Fl y ing Spot S ca n n e r s

In a f l y ing spot s c a n n e r , a CRT prov ides  the li ght spot

f o r  s c a n n i n g  a f i lm t r a n s p a r e n c y .  The f i lm may be mounted in contact

w i t h  the  tub e  s u r f a c e , or the image of the CRT spot may be optically

f o c u s e d  un to  a f i l m  sample awa y f r o m  th is  s u r f a c e . The t r a n s m i t t e d

light  f r om  the scanned f i l m  is then focused  onto a photodetector  and

the  r e s u l t i n g  e l e c t r i c a l  s igna l is samp led ari d q u a n t i z e d .

Fl y ing  spot s c a n n er s  have  the a d v a n t a g e  of v e r y  hi gh scan

r a t e s . The s y s t e m s  have  v a r i o u s  l imi ta t ions , h o w e v e r . For  one , the

spot shape v a r i e s  with the l o c a t i o n  in the scan , due to beam l and ing

e r r o r , i. e . the a n g u l a r  de f l ec t ion  of the beam causes  the spot shape

to v a r y  f r o m  c i r c u l a r  at the ce n t e r  of the CRT to elli psoida l at the

ed ges . To min imize  this er r o r , the def lec t ion  ang le should be kept  s m a l l .
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Flying Spot S c a n n e r s  (cont inued)

The l i n e a r i t y  of a fl y ing spot scanne r is usually limited to a bout 2%;

co r r ec t i on  techniques to improve this f a c t o r  to about  0. 05% exist ,

as a r e  cor rec t ions  for  focus , as t igmatism and pincushion d i s t o r t i o n .

Incorporat ion of these co r rec t ion  techniques i nc reases  cos ts  as wel l

as p e r f o r m a n c e.

The re  may be a l imitat ion to the s ize of f i l m  which may

be scanned , pa r t i cu l a r ly  if the f i lm is mounted on the tuh -~.. s u r f a c e .

An optical sy s tem fo r  pro jec t ing  the spot onto a f i lm samp le may be

comp lex and costly but does allow fo r  l a rge r  f i lm s izes .

In summary ,  fl y ing spot scanners  may vary  widely in

pr ice  depending on the  ca re  and quali ty put into the device .  The onl y

i n s t r u m e n t s  of this type encoun te red  in this su rvey  a r e  m a n u f a c t u r e d

by Informat ion  Internat ional, Inc . These sys tems a r e  of v e ry  hi gh

qual i ty , and a r e  also v e r y  expensive.

8
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l;1.~ -t r o — N 4 e c h a n i c a l  S -a n ne

E l ec t r o - rn e c h a n i c al  devices  u t ili , e  dual  optical s y s t e m s.

The i l l umina t i ng  optics focus  a r egu la ted  li ght  beam upon the samp le

f i lm , while the p ick-up  optics focus  the t r a n s m i t t e d  light ( f r o m  a t rans-

p ar e n c y )  or re f lec ted  lig ht ( f r o m  an opaque samp le) onto a photomult i pl ier

tube whose c u r r e n t  output is proportiona l to the input lig ht in tens i ty .

The output s ignal  is ampl i f ied, sampled , and passed thrc-i gh an A / D

c o n v e r t e r  in p repara t ion  f o r  s to rage  in di g ital f o r m . These  s y s t e m s

prov ide  high qua l i t y  image ry ,  hut speed of d i g i t i z a t i o n  is slow r e l a t i v e

to CRT devices . This slow speed may he an advan tage  f o r  h igh dens i t y

image ry  as dens i t y is a d i r ec t  f u n c t i o n  of exposu re  t ime .

Flat  Bed M i c r o d e n s i t o m e t e r s

A f l a t  bed scanner  has a s t a t iona ry  optica 1 sy s t em t h r o u g h

which the image plane is moved on two or thogona l s tages . The f i lm is

mounted on a p r ec i s e  f lat  glass platen in this plane . The s t ages  a r e

moved , us ing  a stepping motor  or hi gh speed s e r v o  m o t o r - d r i v e n  lead-

s c r e w s . X and V coordinate  i n c r e m e n t s  a r e  con t ro l l ed  by e n c o d e r s

a t t ached  to the s tages , which prov ide s hi gh posi t iona l a c c u r a c y  (wi th in  a

few m i c r o n s  over  severa l  i nches ) ,  and exce l l en t  r e so lu t ion  ( typica l l y
s e v e r a l  hund red  l i nes  per m i l l i m e t e r ) .  In g e n e r a l , a wide  a s s o r t m e n t

of sc a n n i n g  ape r t u r e  shape s and  s i t e s  a r e  a v a i l a ble . Di ~ital image

sizes  may he p r ec i s e ly se lec ted  and  l a r g e  samp ling m a t r i c e s  (up to

200 , 000 pixels  squa re )  may be gen e r a t e d .

The main d r a w b a c k  of t hese  i n s t ru m e n t s  is a l im i t a t i on

in the speed of di g i t ization . A typ ical  i n s t r u m e n t  t a k e s  approximate ly

ten minutes  to di g i t i z e  a 35 mm f i lm  f r a m e  in to  a 512 x 512  pixel image .

this slow speed is an advan tage , h o w e v e r , in hi gh d e n s i t y  images . The

longe r  i n t e g r a t i o n  time avai lable  i n c r e a s e s  the d e n si t y  r~~i;ge of t h e se

i n s t r u m e n t s  up to , typical l y,  0 -4D or hig h e r .

F i r m s  m a n u f a c t u r i n g  p r e c is i o n  f l a t  bed sy s t e m s  include

GCA Corp. , Ma rco S c i e n t i f i c  inc . , Op t r on i c s  i n te r n a t i o n a l  and P e r k i n

E lrne  r Corp. P h o t o m e t r i c  5 Inc. a l s o  n i a n u f ac tu r e  s a low cos t  ( a n d

l o wer  p r e c i s i o n )  f la t bed r a s t e r  ~c a n n e  r m a i n l y u sed  f o r  b i o m e d i c a l

app l i ( at i c ) n s

9
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l~ t.t t t ng I ) r  urn S c a n n e rs

The optical system of a rotating drum scanner is located on

a C-shaped c a r r i a g e  assembly t h r o u g h which the d r u m  ro ta tes  at s eve ra l

r evo lu t i ons  per second . The f i lm  is mounted  s e c u r e ly to ~he p e r i m e t e r  of

the  d r u m . The li g ht source focused on the f i lm  may be cohe ren t  or i n c o h e r e n t .
F i lm d e n s i t y  or t r a n s m i s s i o n  va lues  a r e  m ea s u r e d  at p r e s e l e c t e d  sampling

i n t e r v a l s  along the c i r cumfe rence  of the d r u m . Once each r e v o l u t i o n  the

optical  c a r r i a g e  is s tepped in the axial  d i r e c t i o n . Rota t ing  d r u m  s y s t e m s

a re  pos i t iona ll y a c c u r a t e  to wi th in  few mic rons  per  c e n t i m e t e r .  The

resolut ion is not as prec i se  as with f l a t - b e d  type i n s t r u m e n t s. A p e r t u r e s

a re  u s u a l l y l imi ted  to t h r ee  or fou r  squa re  or c i r c u l a r  si zes  and s a m pl i ng

m a t r i c e s  to ten or twenty  thousand pixels  sq u a r e . Gene r a i l y the  scan a rea

may onl y be des i gna ted  to wi th in  a few m i l l i m e t e r s, so tha t o u t p u t  i m a g e

s i z e s  can  onl y be app rox ima te l y s e l ec t ed . It t a k e s  about  f i v e  m i n u t e s  to

di g i t i z e  a 35 mm f i l m  f r a m e  i nto an  image  a p p r o x i m a t e l y 700 x 480 p i x e l s

in  s ize.

Typ ical example of r o t a t i n g  d r u m  s c a n n e r s  u t i l i z i n g  an

i n c o h e r e n t  l i ght  sou rce  a r e  b u i l t  by M a r c o  S c i e n t i f i c  Inc . and O p t r o n i c s

In t e r n a t i o n a l . CBS Labs b u i l t  a l a s e r  r o t a t i n g  d r u m  sy st e m  which  is in use

in s eve ra l  f a c i l i t i e s .  U n f o r t u n a t e ly,  p roduc t ion  of th is  c oh e r e n t  li ght  s o u r c e

device has been d iscont i nued .

R o t a t i n g  or O s c i l l a t i n g  M i r r o r  Sys t ems

M i r r o r  s y s t e m s  u t i l i z e  e i t h e r  a r o t a t i n g ,  m u l t i f a c e t e d  m i r r o r

or an  o s c i l l a t i n g  f l a t  m i r r o r to move a li g ht beam a c r o s s  a f i l m  sample. The

t r a n s m i t t e d  or  r e f l e c t e d  l i g ht is  focused  on a ph o t o m ult i p l i e r  and the  c u r r e n t

s i g n a l  is a m p l i f i e d , s ampled  and d i g i t i z e d . l’he l i ght  s o ur c e  may  be e i t h e r

c oh er e n t  or i n c o h e r e n t.  No s c a n n e r s  of th i s t y p e  were  d i sco v e red  in t h i s

so rv ey .
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S U R V E Y  R E SU L T S

The resul ts  of this su rvey  a r e  s u m m a r i z e d  in the fo l l owing  pages .

The various instrume nts manufactured by each firm are s u m m a r i z e d  and

var ious  spec if i ca t ions  a re  l i s ted.  Comparable  spec i f i ca t ions  a r e  not

avai lable  for  al l  devices due to l i m i t a t i o n s  in the m a n u f a c t u r e r s’ d e s c r i ptive

l i t e r a t u r e .  It was found , fo r  example , that s ignal - to-noise  rat io data a r e

onl y available on e lectronic  devices.  Cost f i g u r e s  a r e , in g e n e r a l , onl y

approximate  values , due to var ious  opt ions a v a i l a b l e  on many devices . In

some cases , p r ice  data were  not g iven b y the  m a n uf a c t u r e r .  The a d d r e s s e s

and telephone numbers  of the fi rms c o n s i d e r e d  in  t h i s  s u r v e y  a r e  l i s t e d  in

the  appendix f o r  those who d e si r e  m o r e  de t a i l ed  i n f o r m a t i o n  about any  of

the sys tems.

I
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(l ~S I.ahoratories

CBS desi gned and m a n u f a c t u r e d  the  orii y l a s e r  scanning sy st e m

found in this s u r v e y .  The fo l lowing  data a r e  in our f i l e s . It is a

rotating d rum type of scanner; no information on computer interfaces was

ava i lab le .  It has been l ea rned  that this  device is no longe r  in p roduc t ion .

Laser  Image Process ing  Scanner  (LIPS)

Type : Rota t ing  d r u m

Film Size: 70 x 100 m i l l i m e t e r s  —

A p e r t u r e :  1 .2 5 , 2 . 5 , 5. 00 m i c r o m e t e r  spot

A c c u r a c y :  R e so l u t i o n  - up to 300 l ine  pa i r s  ner  m i l l i m e t e r

D e n s i t y  R a n g e :  0 -2 . 56 dens i ty  un i t s

Speed: 4 1/2  - 18 m i n u t e s / f r a m e

O u t p u t :  8 b i t s

Cos t :  $300 K

Table  I

CBS L a b o r a t o r i e s  L a s e r  Image

Process ing  Scanner  (LIPS)
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OBA Systems inc.

The in fo rma t ion  on the image d is s e c t o r  s c a n n e r  m a n u f a c t u r e d

by th is  f i r m  was  in our f i les . The data was  rathe r l imi ted , and no cos t

i n f o r m a t i o n  was  available. The i n s t r u m e n t  is desi gned f o r  use with u s e r

sp ec i f i ed  optic s and uses  a V a r i a n  62 0L compute r  f o r  c ontrol .

Ser ies  104 Digitally Cont ro l led  Scanner

Type : Image Dissec to r

Scan A r e a :  43 mi l l ime te rs  diamete r

A p e r t u r e :  0 . 75 mil c i r c u l a r , e f f e c t i v e  size

depends on opt ics

Scan Size:  4096 x 4096 pixels

A c c u r a c y :  Modulation Tr a n s f e r  Funct ion -~

20 l ine p a i r s  per mi l l i m e te r  at
it

50% relative amplitude (18 micro-

mete r a p e r t u r e)

Resolut ion - — 700 TV line s

+
Uniformity - - 20%

Dis to r t ion  -

Speed: io 6 point s per  second

Output : 6 bits (8 bits ava i l ab le )

Opaque Sample: A vailable as option

Color Scan: Not availabl e

Cost: Unknown

Table II

DBA Sys tems  Inc. Series 104 Di g i ta l l y Con t ro l l ed  Scanner

13
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l ) i com e d  C o r p o rat i o n

Several models of image  d i s s e c to r  ~ a o r o -  r - ~ i r e  available from

t h i s  f i r m .  They  inc lude  a bas ic  model  w h i c h  ha~ no optic s or li g ht s o u r c e

provided , two models wh ich  scan ~5 mm and 70 mm t u r n  and one model

w h i c h  can di g i t ize  l a r g e r  f i lm  a r e a s . I n t e r f a c es  to m o s t  di g i tal  c o m p u t e r s

a r e  ava i lab le :  no con t ro l l e r  or tape uni t  is provided with ~he instruments .

Model SOB Image Digitizer

( Optics and li g ht s o u r c e  not p rov ided )

T ype:  Image Dissector

Scan A r e a :  0. 8 x 0. 8 i nches  at pho toca thode

Scan Size :  U p to 2048 x 2048 p~xe1s

A c c u r a c y :  Scan N o n l i ne a r i t y  - 1 . 5~ m a x i m u m

Scan Line C u r v a t u r e  0. 2~ m aximum

Resolution - 1400 TV lines per inch at

c e n t e r  of s canned  area

- 1200 TV lines per inch at

edge of scanned area (at 5O~ rela tive

amp l i tude)

Ou tpu t : 8 bit s

Si gna l  to Noise  Rat io:  24 - 42 d ec i b e l s  non .~na1 , d e p e n d i ng  on

point  i n t e g r a t e  t i m e

Cost:  $25 . 5 K

Table  III

Dicomed Corpo ra t i on  Model SOB Dig i t i z e r
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I

Models D5 5, D56 Image Digitizer s

Type: Image Dissec tor

Film Size: 35 millimeter (D55) or 70 millimeter ( D S 6 )

Scan A r e a :  36 m i l l i m e t e r  s q u a r e  (D5 5)  or

54 mil l ime ter squ~ir e(D 56)

Ap e r t u r e :  . 0005 inch d iamete~ ( typ ica l )

Scan Size: 2 56 x 256 . 51 2 x 5 .2 , 1024 x 1024 , o r

2048 x 2048 pixels

Accuracy: Scan nonlinearity - less than 1%

Pos i t ion  r e p t - i t a b i l i t y  — less than one pixel

Scan axis orthogonality - 0. ~~ d e g re e

Ro ta t i ona l  a l i gnmen t  ~t 0. 5 degree
Scan li ne curvature - < 0. l5~
Dens ity r ep e a t a b il i t~ - less than one in 64

Dens i ty  R a n g e :  0 . 0 5  - 2 . 4~ densit~ units

Sign a l_ t o_ N o i s e  Ratio:  2 3 . 4  - 41 . 6 dec ibeL , , d e p e n d i n g  on sp e t  a

Speed: 2 . 3 seco nds - 91 mi nutes depe nding on

scan  m a t r i x  speed s e t t i n g

Cost:  $44 K

Table IV

Dicomed Corporation Models D5S , [)Sti

Imag e Digitizers

15
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Model D57C Color  Image Di g i t ize r

Type : Image D i s s e c t o r

Fi lm Size:  A c c o m m od a t e s  up to 24 i n c h e s  wide

Scan A r e a :  57 x 57 m i l l i m e t e r

A pe r t u r e s :  . 0005 or . 001 inch  d i ame te r  ap e r t u r e  pla tes

Scan Size : 256 x 256 samp les every  8th pix el

512  x 512  samples eve ry 4th pixel
1024 x 1024 samples  e v e r y  2nd pixel

2048 x 2048 samples  e ’r e ry  p ixel

A c c u r a c y :  Or thogonal i t y  - + 0 . 5~
Scan l ine  cu r v a t u r e  - + 0. 2~
Scan n o n l i n e a r i ty  - l e ss  than 1 . 5%

Scan pos i t ion  d r i f t  - + 0 . 1%

Scan p os i t ion  color  s h i f t  - + 0. 15%

Rota t iona l  a l i g n m e n t  - -
~ 0 . 5 degrees

Si gnal  r e s o l u t i o n  — 122 0 TV l i n e s/ i n c -h at 5O~
relative amplitud e at photocathode surface

Dens i t y r epea t ab i l i t y  - less than one in ~ 4

Den si ty  Range: 0. 05 - 2 . 45 d e n s i t y  i~~i i t s

Signal  to Noise Ra t io :  37 - 42 . 5 d e c i b e l s , dependin g on speed s - t t r n g

Speed: 3 seconds  - 90 m i n u t e s  depending on

m a t r i x  s~ zc , speed s e t t i n g

Opaque Sample: S t a n d a r d

Color  Scan:  S t a n d a r d

Cost :  $5s — L 5  K

Table V

Dicorned Corporation Model D57C

Color  Image Di g i t i zer

1 t ) 
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‘~N11~ I ’ hu t o e l e & t r i c

This f i r m  m a n u f a c t u r e s  both a v i d i c o n  sy s tem  and an image

d i s se c t o r  s y s t e m . The data s h eet s  wer e  in our  f i l e s . The image dis-

s ec t o r  uses  a PDP 8 as a c o n t r ol l e r ;  the v ido. on c on t r o l l e r  is not  sp e c i f i e d .
Cost data was  not ava i l ab le .

Model 658 Opt ica l  Data Di g i t i z e r

( T e n t a t i v e  Data , dated A p r i l  1 9 72 )

T ype : Image D i s s e et ar

Opt ics :  Spec i f ied  or p rov ided  by u s e r

Film Size: 35 m i l l i m e t e r

Scan M a t r i x  Size: 4O~~( x 40~4 t p i xe l s

A p e r t ur e :  0 . 75 mU s t a n d a r d

A c c u r a c y :  A d d r e s s i n g  a c c u r a cy  . 0 . 5~~ o~ f i e l d

U n i f o r m i t y a c r o s s  f ie l d  — + I 5’~. abs olute

Color :  Not ava i lab le

Output : 8 bits

C o n t r o l l e r :  PDP 8

Cost:  U n k n o w n

Table VI

EIVIR Photoe le ct r i c Model ~ 5 8

Opt ica l  Data Di g i t i i c - r

17 
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Model 659 Opt ica l  Data Di g i t i z e r

Type:  V idicon

Opt i c s :  Sp e c i f i e d  or proviced by customer
Film Size: 35 m i l l i m e t e r

• Scan A r e a :  28 x 28 m i l lim e t e r

A c c u r a cy :  Modula t ion  t r a n st e r  f u n c t i o n  - 50%

amp li tude  r e sp o n s e  at 13 TV line s

per millimeter

5% a m p l i tude  r e s p o n s e  at 44 TV l ines

per millimeter

Data point r ep e a t a b i l i t y  . 2~ RMS
Linearity and Orthogonality 2%

Signal-to-Noise Ratio: 36 d e c i b e l s  (p e a k )
Speed: 16 - 32 seconds per frame

Color:  Not avai lable

Output :  8 bi ts

Cost :  Unknown

Table VII

EMR Photoelectric Model 659

Opt ica l  Data Di g i t i z e r

l~
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GCA C o r p o rat i o n  - I) . W. M a n n  Co. Div.

This company manufactures two models of precision flat-bed micro-

d e n s i t o m e t e r .  The bas ic  model i s  an analog r eadou t  s y s t e m  w i t h  dig ital

output  and compute r  con t ro l  ava i lab l e  to a PDP 1 1/ 0 5  or e q u i v a l e n t  c o m p u t e r

as opt ions .  The deluxe s y s t e m  inc ludes  c o m p u t e r  c o n t r o l  ~y a PDP 11 /05

and ro ta t ab le  dual b i l a t e r a l  slit  j a w s  as s t a n d a r d  f e a t u r e s .

Mann T ype 1140 M i c r o d e n s i t o m e t e r

Type : Flat bed

F i l m  Size: U p to 4 x 10 i n c h

A p e r t u r es :  F ixed ~,li t , i s  s p e c i f i e d  b y u s e r , f r o m  I x 24000

m i c r o m e t e r  to 3000 x 24000 r r i c rom e t e r

( o t h e r  a p e r t u re s  ava i l ab l e  as  optio~1s)

Samp ling:  Se l ec t ab l e  f r o m  1 m i c r o m e t e r  in X d i r e c t i o n

In the standard system Y axis rno~ion is manual;

Y axis s e r v o  s y s t e m  is available as an option

A c c u r a c y :  S t ra i g h t n e s s  of t r a v e l  - + 5 m i c r o m e t e r s  over

10 i n c h  st i g e

O r t h o g o n a l i t y  - t 5 s econds  of arc  over  10

inch  s ta ge

D e n s i t y  st a b i l it ’, — - , 0. 01 dens  it  i n i t s

P o s i t i o n a l  r e p e at a b i l i t y  — 1 roic rm~~t - t e r  p e r  100

r n i l l i r n e t e  r s

~~t i 1 ~~i -  f l a t n c — s  - ~
- 0. 0002  m i . hes  o v e r  m e a s u r i ng

a r i - .

R e s o l u t ion  - 250 line pairs per  m i l l i m e t e r

D e n s i ty  R a n g e :  0 — 5 cl~-ie- i t  \ un i t s

Speed:  . 02~ m i l l i met e r s  p er  m i n u t e  to  2S millimeters per

m i n u t e

( m a x i m u m  r i t e  equa l to 2000 sarnpL.  s pe r  s econd)

Outpu t :  10 bits

Opaque Sa mp h- : Not  a v i i  I i  ble

Color  S c a n :  A v a i l a b l e  c u s tor n  en~ in e e  r ed  opt ion ( c o s t  u n k n o w n )

,ost  : ~60 K ( w i t  ho ot  di g i t a l  ou t  ro l  and  r e a d o u t  or  Y ax i s

se r v o  C o n t  r e l )

I l t ) l € ~ V I I I

;c.~ cor1 . — \ t L n n  l y p e  1 1 40  ~s 11 (  r i . i d e n s i to m e t e r

‘a
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Nia tin t ype 28 ~2 Microdensitometer

Type : F l a t  bed

F i lm  S i z e :  U p  to 10 x 10 i nches

Ap e r t u r e s :  A d j u s t a b le  and r o t a t a b l e  s l i t s  f r c m  I x SO mic ro rnet e  r
to x 24 m i l l i me t e r s , f i x e d  s l i t s , f i x e d  c i r c u l a r

a p e r t u r e s , c i r c u l a r  spot  (m i c r o s p o t  - ‘ few

mic  r o m e t e r s  in  d i a m e t e r )

Sampl i n g :  Se l e c ta b l e  f r o m  1 m i c r o m e t e r

A c c u r a c y :  O r t h o g o n a l i t y  - ~ sec o n d s  of a r c

Straightness of travel - ~ 2 rnic r om e t er s

R e p e a t a b i l i t y  - I micrometer

1) en si ty  St  ~b i 1i t y  - l e s s  t h a n  ± 0. 01 dens i t v  u n i t s

R e s o l u t i o n  - ~250 line pairs per millimeter

Stage flatness - ~ 0. 0002 inches over measurin~ are -i

D e n s i t y  R a n g e :  0 - 5 de n s i t y  u n i t s

Speed: F rom . 125 millimeters per minute to 1250 milli m ete rs

per minute  (max imum r a t e  equal  to 2000 s a m p les  ‘ s e c )

Ou t put :  10 bi ts

Opaque Samp le: Not available

C o l o r  Scan:  A v a i la b l e  as c u s t o m  eng i n e e r e d  ip t i o n  ( c o s t  u n k n o w :~ )
(;o s t :  $392 K

t a b l e  IX

GCA C o rp o r a t i o n  M a n n  l v pe

2832 Mjc r o d en s  itomete r



Information International , Inc .

T hi s  f i r m  u t i l i z e s  d fl y i n g  spot  scann i ng — v s t e r r i  in t h e i r  hi g h pre-

c isi o n  f i l m  r e a d e r / r e c u r d e r -~ - i h e  c u r r t - n t l \  p r o d u c e d  s y s t e m  is desic-

nat ed  b y t he  f i r m  as  P F R- 3 . An up d a t e d  v e r s i o n , t h e  P F R - 4 , has  not

yet been released a.s a new produ t , an i - t e c h n i  al  sp ec : f i c at i o n s  w e r e

made ava i l ab le  t ar  t h i s  u r~ ~~ - I he  s inner~ ~~~~ an i nt e r n a l  d e f l e c t i o n

c o m p u t e r  wh ich  p r o v i d f — .~ dy n a m o  c u r  re t i n :  t~~r s i / i -  a n n  -~1l 1 p t -  ol t he

CR I elec t  r u n  beam , u c  u s i n g ,  p in e  i l ion d i s t o r t  i t  m d  is  t ig ma Us rn. rh~ ~
pr oc  i - d u n -  pr~;v ides  ‘ i ’ i  L i n p r ~~~’ - t i - m - ~~t uv. - r - u r i .. ’ i t i r i l  f l v i n ~ s pot s c t r u r n c

t e c h n i c lu e s .

The l~ PR s~~ s te n i s  i~~~ l i d  a (~ 1( r ‘ i i s p la~ m on i t o r . .~ t r i p le 1 — 1

c o n t r o l  c o m p u t e r  i n a n u f t .  t u r d h~ t h u  i r t i m , i —  i. c~i l  i - . a n i er r i o r ~ - ,

n et i c  t a pe  uni t , a n d  o t he r  p er i p h e r a l  d. v i  -~~ - B . i s i e  s of t v i r e  is  - . l ~ in-

c l u de d .  T h e  P1-’R ~~e r 1 e~~ r e a d e r / r i - c  o r d e r s  t h u s  r - r ) r e ~~c-~ t a r e l a t i \  e l \

c o m p le te  image -  p r o c t - s S in ~ S\  s t e m  t a r  h i ck  an d  a l u t e  t r a n s p i r e n c x i - - -

2 1
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r
Pl-i ( 3— P r o g r , m  i n in a b l e  F i l m  l ( e i  d t - r / 1 <  i i  a r d e  i

F y p e :  F ly i n g  Sp ot S c a n n e r

F i lm Size: lo r n i l l i r n e t t r , 35 or il lin ieter and 70

rn i l l  i me  t c r

A d d r e s s a b i l i t y :  lb 3 8 4  x 1o384 p o i n t s  w i t i ;  0 . 0 0 0 1 8  x

0 . 00018  in c h  rd~, t t - r i r i t t i v a l  a v e r

3 x 3 i n c h  C R 1  d i — p la v

Density Range: Options U - I. I d en s  ity unit~
0 — U  1r d e ic— i t ’, ;r i t~~

0 — 2 .  St  de n s i t y  w i l t s

Spot S ize :  P r o g r a i i r n - t b l e  l , c L \ i . .- t - r i  0 . — ~~ t i i i I~~.

M i n i t r u n i  s i i. - at  f i l r i i  p l an e  — 3. U n u c r u —

m e t e r s  f o r  i t  i ni l l im et e  r f i l m , 5. 4

m i c r o m e t e rs  f o r  35 roi ll imete  r f i l m ,

I °. ( mic r o me t e rs  f o r  70 r r i l limet c  r f i l m .

Accuracy: M e a s u r e m en t  a c c u r a c y  - 0. OS~
L i n e a r i t y  - 0. 05~
R e - p e o t a b i l i t  y — 0 . 02  ~~ “

Re suld i c in  — cp pr e-~crv ate l ’y  ~0 0 1 V l i n t -  i-

pe r  i nch  a c r o s s  the  3 inch  CRT

O u t p u t :  6 b i t s  (up  to -
~ bi t  v i i  ~ a i t w a  r e )

Speed:  300 , 000 p O i n t s  p e r  S ec  u i i c l , ii i x  i r f l U I f l

Opaque  Samp le:  N o t  av a i l ab l e

Color  S c m :  No t  ,t~~ i i l t b l e

P lay b a c k :  t bit-

Coi~t r o1le  r : F r i p l i -  I — 1  ~ c u l i l p u t  c -n w i t h  8 K c a r t .

I ~~ r i phe ra 1 e qui  proc nt  : Ma gr i  e tic  t ap e  ii i t

( i n c l u d e d  in co s t )  1) i sc  m e mo r y  130K — 15 b i t  w ar d s

2 1’ CR I i i i  r u  r

Pape r t ap e  r e a d e r/ p un c h

C a r d  r e a d e r

L i n e  p r i n t e r

Inc  r i - I  t u e n t a  1 p l ot t  e r

F i l m  t -m 1 n - l a rt

Ca s t :  $4 i o K b i s t  p r i c e , i i ic 1ud i~~~ I d S O  5 t \ \ ~ t I t

I a b l e  X

I n i a n l  i t t  i i i  I t i -n a t  I na ! , l i i .

P1.- u —  I > r g I d I i u i i i t l ) i I  F i l n i  R t - a c l t - r / k m c . c d e i

22
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P F R — 4  P r o g r a m m a b le  Fi lm R e a d e r / Re c o r d e r

( P rep r o d u c t ion  Technica l  S u m m a r y )

Type: Flying spot scanner

Film Size: 16 millimeter or 35 mil l ime te r

Optional a t tachment f o r  5 inch r~~Ps or

7 x 9 inch g l a s s  plates

Addressab i l i ty :  65 , 536 x 65 , 536 points with U . 000046 x . 000046 inch

r a s t e r  in terva l over 3 x 3 CRT disp lay

Den si ty  Range:  0 - 3 densi ty  units , expanda bl e to 0 - 4 dens i ty

units  with s o f t w a r e  c o r re c t i o n

Spot Size: Programmable f rom 0. 6 mils

A c c u r a cy :  Resolution - 2 500 line pai rs  per fu l l  f ie ld  of

view fo r  all f i lm s i zes

Linear i ty - 0. 05% of full scale def lec t ion

D r i f t  noise:  - 0. 025% of fu l l  scale  d e f l e c t i o n

Density Reso lu t ion  - p ro g r a m  se lec tab le  f r o m

0. 005 to 0. 64 dens i t y u n i t s

Output: Program selecta ble as 1 , 2, 3, 4, £ or ~ hits

Speed: 4 x l0~ points per second f o r  ~ bit data ,

2 x 10 po in t s  per  second f o r  1 bit data ( m a x i mu m )

Opaque Sample : Not avai lable

Color Scan: Not  availa ble

Play back: 6 bits

Cont ro l le r :  T r iple I - 15 computer  with I t  K c o r e

Periph e r alE quipment : Disc m e m o r y

Magne t i c  tape unit

17” CRT mon i to r

Paper tape r e a d e r/ pu n c h

ASR- 33 Te le type

Data (dig i t i z i n g )  tablet

Film t r a n s p o r t

Cost:  Not provided

Table  XI

In fo  r i-nation Lntc r na t ion al  1:-a .
P F R - 4  P r o g r a m m a b l e  Film R e a d e r / Ri - c or d e r

2 3
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M a r c o  Sc i en t i f i c  Inc.

This  f i r m  now m a n u f a c t u r e s  the Joyce  Loebl f l a t - b e d  and

rota t ing d rum m i c r o d e ns i t o m e t e r s  which i n t e r f a c e  to PDP 11 , Nova or

“any sui table ” computer . These s y s t e m s  a r e  in the l o w - c o s t  r ange  fo r  t h e i r

respect ive types.  The f l a t -bed  s y s t e m  o p e r a t e s  at a v e r y  s low speed .

Joyce Loebi Scandig 3

Type : Rotat ing d r u m

Fi lm Size:  U p to 232  x 225  m i ll i m e t e r s  s t a n d a r d , 360 x 430

m i l l i m e t e r s  op t iona l  ($9 k )

Apertures: 25, 50 , 100 , 200 micrometer circular

Sampl i n g :  25 , 50 , 100 , 200 m i c r o m e t e r  ( 1 2 .  5 micrometer

ava i l abl e as o p t i o n)

Accuracy: Density resolution - I in 256

Densi ty repeatability - 2 in 2 56

Linearity - I in 256 f r o m  best  s t r a i gh t - l i n e  f i t

Speed: 20 , 000 pixels  per second

Opaque Sample :  A v a i l a b l e  as op t ion

C o l o r :  I n t e r c h a n g e a b l e  f i l t e r s  ava i l ab le

D e n s i t y  R a n g e :  0 - 3  d e n s i t y  u n i t s  ( 0-4  d e n s i t y  u n i t s  a v a i l a b l e  as  p~ :or

Output:  8 b i t s

Cos t :  $36 - 40 K (including interface)

Table XII

M a r c o  Sc i en t i f i c  Inc . Joyce  Loebl Scar idi g 3

2-1
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ii
Joyce Loebi Microdensitomete r 3 CS

Type : Flat  bed

Film Size: Not specified , larger than scan area

Scan Area: Up to 240 x 115 millimeters

Densi ty  Range :  Full sca le  d e fl e c t i o n  v a r i a b l e  f ro m  0 . 2 to 6. 0

d e n s i t y  uni ts

Ape r tu  r e a m  Cont inuous ly va r i ab le  s l i t  f r o m  50 x 1 m i c r o m e t e r

to 6 x 1 mi l l imeter , opt iona l sl i t  r o t a t i o n  a t t a c h -

men t

Sampl i n g :  Se lec tab le

A c c u r a c y :  Dens i t y  r e p e at a b i l i t y : 0 . 51~ of f u l l  s cal e  d e f l e c t i o n

P o s i t i o n  r e p e a t a b il i t y :  0. 5~ of s can  l e n g t h

Dens i ty  l i n e a r i t y : ~ l~~

Speed: 20 po in t s  per  second m a x i m u m

Opaque Sample: A v a i l a b l e  as op t ion

C o l o r  Scan: Not a v a i l a bl e

Output :  3 di g i t  I3CI) n u m b e r  (° b i t s )  r e p r e s e n t i n g  d en s i t y

Cost :  $35 - 40 K ( i n c l u d i n g  i n t e r f a c e)

Table  XI II

M a r c o  S c i e n t if i c  Inc .  Jo y c e  I~oeb 1

Mic r o d e n s i t o rn e t er  3 CS

~~~~~~~~ - T~ ~~~ ~~~~~~~~T~~T _ _ _ _
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Op t r o n ic s  int i -  r n a tj t i n a l

Op t r o n i cs  m a n u f a c t u r e s  r o t a t i n g  d r u m  s y s t e m s  and a f l a t - b e d

r-n i c rodensi to rn e te r . The r o t a t i n g  d r u m  s y s t e m s  i n c l u d e  a b l a c k  and whi t e

scan s y s t e m  with  opt ional  p lay back  and a fu l l  c o l o r  scanne r with op t iona l

play back . The f l a t - b e d  s c a n n e r  has co lor  scan c a p a b i l i t y  and B / W  p lay back

option . In t e r f aces  a r e  available to var ious  min icompu te r s .

System P- b OO P h o t o s c a n

Type:  R o t a t i n g  D r u m

F i l m  S ize :  12. 5 x 17 . 5 c e n t i m e ter s  (o the i s i z e s  to 35 x 43

c e n t i m e t e r s  o p t i o n a l l y a v - i l a b l e )

D en s i t y  R a n g e :  0-2  d en s i t y  u n i t s  or  0 - 3  d e n s i ty  u n i t s  s e l e c t a bl e

A p e r t u r e s :  25 , 50 , 100 or 200 m i c r o m e t e r s  sq u a rt -

Sampl i n g : Options:  12 . 5 , 25 ~ 50 m i c r o m e t e r s ;  2 , 50 100

m i c r o m e t e r s ;  50 , 100 ~~
- 200 rnic rorne te  rs

A c c u r a c y :  Posi t ional  — + 2 m i c r o m e t e r s  pe r  c e n t i ni e t e  r

Dens i ty  r e so lu t ion  - 2 / 2 5  t u ‘0 - 2 D )  o r  3 / 2 5 a  ( 0 - 3 D

Dens i ty  r e p e a t a b i l i t y  - 2 / 1 2 8  ~C l _ 2 D )  or  3 128 0.- u t

Speed: 2. 5 - 40 minu tes  fo r  12 . 5 x 12 . 5 f i lm  d e p en d i n e  i n

speed s e t t i n g

Opaque Sample :  Not a v a i l a b l e

C ol or  Scan: Not a v a i l a b l e

P l a y b a c k :  A v ai l a b l e ;  t he  scan  a n d  p l a y b a c k  s y st e n i  i s  d c - s i L ~n~~t e d

as P - 17 0 0  by the m a n u f a c t u r e r

O u t p u t :  8 bit

C o s t :  $2 5 — 3 5  K

Table XIV

Opt ron ics  I n t e r n a t i o n al  Sy s t e m  P- 1000 P h o to s ca n

L 
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System S—3000 Specscan

(Scan and Play ba ck)

Type: Flat bed

Film Si-ic: U p to 10 x 10’ (14 ‘ x 14 a\ ~- i 1 a I ) l e )

D e ns it y  R a n g e :  0— 4 density units (0— 5 densit y units a v a il a  bl~ - )

A p e r t u r e s :  8 se lc-c t a hle s l i t s  ( r e c t a n g u l a r , c i r c u l a r

o r  squ a r e )

Sampling: Va ria ble , down to I mic  r o m et e r  P

Accuracy: Positiona l repeatability: + 1 rnic r omi - t e r

Density l in ea r ity: + . 02 density un its

R e s o l u t i o n :  g r e a t e r  than 600 !ines per

m i l l ime te r  at I O O X  mag’-i Ji c a t ion

Speed: V a r i a b l e  f r o m  . 2 5 m i l l im e t e r s  per  m i n u t e

t o  12 . 5 centimeters per second

Opaque Sample: Ava i lab le  as option

Color  Scan:  S t a n d a r d

Output :  10 h i t s

Cos t :  $ t 0 t  K ( 1 0  x 10’ , scan only )

$ 1 1 8  K ( c o l o r  s c a n , B / W  play~~i~~k

T ab l e  X V

Op t r o n i c s  Int e rna t i ona l Sy s t e m  S-3000  Sp ec s c a n

I
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C-4000 Series: Colorscan, Colormation

(Scan ~ P l a y b a c k )

Type : R o t a t i n g  l)ru rn

F i lm  Size:  S x 7 i n c h e s , 10 x 10 i n c h e s , c m  14 x 17 i nches

Apertures: 25, 50, 100 ~-. 200 m i c r o m e t e r s  s q u a r e

Sampling : 25, 50 ~ tOO m icrometers or O, 100 200

m i c r o m e t e r  op t i ons

Dens i ty  R a n g e :  0-2  d e n s i t y  u n i t s , 0- 3 d e n s i t \ -  u n i t s  switchable

Accuracy: Positiona l - 2 micrometers l~MS p e r  c e n t i m e t e r

Density resolution - 2 / 2  So (0 -  2D), 3 / 2 5 t  ( O ~ 3D )

De n si ty  r e p e a t a b i l i t y  - 2 / 128 ( O - 2 D ) ,  3 / 1 2 8  (0-  31 ) )

Opaque Sample:  A v a i la b l e  as opt ion

C o l o r  Scan:  S t a n da r d

Outpu t :  8 b i t s

Play b a c k :  D e n s i ty  r a n g e :  0 -2  d e n s i t y  u n i t s

R e s o l u t i o n :  5 b i t s  p e r  c o l o r , U h i t s  f a r  b l a c k  a n d  w h i t - -

C o s t :  $40 - 50 K ( 1 0’  x 1 0 ’  s can  onl y )

$85 - ~ 5 K ( 1 0  x 10’ s can  and  p lay b a c k )

Table  X V I

Opt r on i c s  I n t e r n a t i o n a l  C - 40 0 0  ~-~m r i c s

Colorsean , Color-nation
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1 ‘c r k i n — 1 - lnie r C o r p o rat i o n  — 1%ol le  r tc~ C h i ven s  l ) i v i s i on

The microdensitometer manufacturt-d by Perkin-Elmer Is

a flat bed system which has a new simultaneous color sca r  and c o l o r  play back

option. The color  scan u t i l i zes  a t h r e e  c h a n n e l  ph ot o m ul t  ip l i e r  w h i l e  co lo r

play back is accomplished t h r o u g h the use  of a three -con b’ack and w h l t t -

CRT and n a r r o w  bandpass f i l t e r s . The s t a n d a r d  s y s tem  a t i l i i i - s s eq u e n ti a l

scans  th rough selectable f i l t e rs  and pr ov i de s  b lack  am-id w hit e  p lay backs .

This d e v i c e  i n t e r fa c e s  to e i the r  a PDP 8 or PD1~ 1 1 / O S  m i ni c o m p u t e r .

Model  I O I O A  M i c r o d e n s i to n i e t , - r

(Scan & Play b a c k )

Type: Flat bed

Film Size: Up to 10 x 10 inches

Density Range: 0-4 dens i t y uni ts

A pe r t u r e s :  8 c ir cular , square or rectangular slits

may he se lec ted  f r o m  op t ions  w h i c h

v a r y  f r o m  I - 1000 m i c r o m e t e r s

Sampling: Selectable in one micrometer increments

f r o m  I mic rometer

A c c u r a c y :  Pos i t ional  r e p e a t a b i l i t y :  4 micrometer

Stra i gh t n e s s  of t r a v e l :  ~ 5 mic r - m e te  rs

Orthogonality: + 5 seconds of arc

Reso lu t ion : g r e a t e r  than 600 l in es pe r
millimeter at I OOX magnification

Dens i ty  s t a b i l i t y :  l e ss  tha n + . 02 d e n s i t y

units in 10 hours

Opaque Sample: Ava i l ab le  ($2 . 4 K)

Color :  Sequent ia l  co lo r  s cans

Optional  t r i c o l o r  read , s i m u l t a n e o u s  scan  ($15 . 5 N t

O u t p u t :  10 hits

P lay b a c k :  B l a c k  a n d  w h i te  p lay b ac k — $S . S K

S i m u l t a ne ou s  t r i c o l o r  p l a y back  opt ion  — ~ 1O K

( st : $50 K ( S t an d a  rd s y s t e m  ‘~~ i t h o u t  i n t e r )  a C e)

$65 K (Standard system with interfa e)

T a b l e  X V I I

P er k i n - E l m e r  Model  I O I O A  Mic  r o d en s i tam e te r
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Photo Dig iti zing Systems Inc.

Thi s f i r m  m a n u f a c t u r e s  an image d i s s e c t o r  sys tem i n t e r f a c e d  to a

Nova 800 compute r. The data on this company were in our files. No cos t

data were available.

Ser ies  200 Photo Di g i t i z i n g  Sys tem

Type : Image Dissecto r

Film -n Size:  ‘‘Any s i z e ’ ’ d e p e n d i n g  on o p t i c s  s p e c i f i e d  b y c u st o n e r

Scan Area: 0. 5 x 0. 5 inches at photocathoUc

Aperture: 1 rnil standa rd
Accuracy : Uniformity - + 5~ ove r scan area

Orthogonality - less than 0. 5 degrees

Image reso lu t ion  - 1000 x 1000 pix els

(wi th  0. 5 mil  a p e r t u r e )

Deflection linearity - + 0. 5~ over  s c a n  a r e a

Scan Size: 4096 x 4096 pixels

Speed: 100,000 pixels per sec

Output: 8 bits

Opaque Samp le:  S t anda rd

Color  Scan:  Not a v a i l a b l e

Cost :  Unknown

Table XVIII

Photo Di g i t i z i n g  Sys t ems  Ser ies  200

Photo Di g i t i z ing  Sys tem
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1~hu t o r n et r i  s , Inc.

The Pho tomet r i c s r a s t e r  s c a n n e r  is a f l a t  bed s c a nne r ,
developed fo r  b iomedica l  app l i ca t i ons. De ta i l s  of the i n s t r u m en t ’ s o p e r a t i o n
and speci f ica t ions  were  l imited. This is a low-cos t  sys t em compared  to
other  f la t  bed devices , but the p rec i s ion  is not as hi gh .

EDP R a s t e r  Scanner

Type : Fla t  bed

F i l m  Size:  70 mm

A p e r t u r e s :  I - 800 m i cr o m e t e r s  c i r c u la r

Dens i ty  R a n g e :  0 - 3 d e n s i ty  u n i t s

Sampl ing :  I - 500 m i cr o m e t e r s  a dj u s t a b l e

A c c u r a c y :  Pos i t ion  - + 2 m i c r o m e t e r s/ i n c h

Speed: 100 l i n e s/ m i n u t e

Opaque Sample :  Avai lable

Co lo r  Scan: Not ava i l ab le

C o n t r o l l e r :  I n t e r f a c e s  to m i n i c o m p u t e r

O u t p u t :  8 b i t s

Coat :  $26 . 5 K

Table  XIX

Pho tomet r i c s  Inc . EDP R a s t e r  S c a n n e r
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Spat ia l Data Sys t em s  In c .

Spatial Data manufactures a low-cost vidicon system which

provides  low - r e so lu t i on  images  a t  hi gh speed . The unit can be interfaced

to va r ious  m i n i c o m p u t e r s .

Compu te r N yc

108 Image Digitizer

Type : Vidicon

Film Size: U p  to 9 i n c h e s , on li g h t  t ab le

Density Range: Output range adjustable from 0. 5 d e n s i ty  u n i t s

to 2. 25 density units

A p e r t u r e s :  ( Equ iva len t  Scanning  Spot S ize)

5 m i c r o m e t e r s  ( 1 2 0  X )  to 440 m i cr o m e t e r s  ( 1 . 3 N )

Sampl i n g :  5 1 2  points  a c r o s s  image

480 line s per  image

A c c u r a c y :  Qu a n t i za t i o n  e r r o r  + 1/2  b i t

R e s o l u t i o n  at 5O~ s q u a r e  wave  r e s p o n s e :  Z,00 TV l in es

Linearity : ± l~ in central circle

+ Z~ ou t s ide  c e n t r a l  c i r c ! t-

Speed:  35 s t -c o n d s  p e r  i m ag e

Opaque Sample :  A v a i l a b le  as option

C o l o r  Scan: N o t  a va i l a b l e

Output :  8 b i t s

Cost:  $ 1 . S K ( w i t h o u t  c o n t r o l l e r)

Table  XX

Spatial Data Systems Com puter Eye 108 Image  Di g i t i z e r
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CONC LUSIONS AND R E C O M M E N D A T I O N S

Vidicon camera  sys tems a re  the lowest  cost  s c a n n e r s .  The i r

speed of di g i t i za t ion  could be an advantage  where  hi gh r e so lu t ion  and l a r g e

images a r e  not needed. Image d i s s e c t o r  s c a n n e r s  a r e  h ig he r  in cos t  but

of fe r improved r e s o l u t i o n  and l a r g e r  image s izes  at e s s e n t i a l ly the  same

rate of d i g i t i z a t i o n. The fl ying spot s c a n n e r s  i nves t iga ted  in th i s  s u r v e y

a re expensive , due in part to the inclusion if  c o n t r o l l e r  and p e r i p h e r a l

devices  in the p r i c e , but p rov ide  the h i g h e s t  da ta  r a t e s  e n c o u n t e r e d , a n d

have  the hi ghes t  reso lu t ion of any of the e l e c t r o n i c  s c a n n i n g  d e v i c e s .

In the c a t e g o r y  of e l e c t r o - m e c h a n i c a l  dev~ces , r o t a t i ng  d r u m

scanners were found to be in the same price range as ima~ze dissectors and

offe r at l eas t  an o r d e r  of magn i tude  i n c r e a s e  in r e s o l u t i o n .  Scan speed ,

howeve r , is si g n i f i c a n t l y d e c r e a s e d .  The mos t  p r e c i s e  i n s t r u m e n t , and

gene rall y the most expensive, is the  f l a t  bed m i c r o d e n s i t o m e t e r. W h e r e

hig h r e so lu t i on  images  a r e  r e q u i r e d , th i s  is e s s e n t i a l ly the  onl y cho ice;

reso lu t ion  is app rox ima te ly t h r e e  t imes  g r e a t e r  than fo r  a r o t a t i n g  d r u m

sys tem . Flat  bed s c a nn e r s  have the s lowest scan speeds of a l l  the  in st r ume ! i u-

s u r v e y ,  and could probabl y not be used in a p r o d u c t i o n  e n v i r o n m e n t  w h e r e

l a r g e  amount s  of i m a g e r y  mus t  be di g i t i z e d .

Based upon the above c r i t e r i a , the  po t en t i a l  u s e r  m u s t  decU -~e

upon the  type  of s y s t e m  most  app l i c a b l e  to h is  n e e d s .  F u n d i n g  l i m i t a t i o n s ,

r e s o l u t i o n  r e q u i r e m e n t s  and speed of t h r o u g h put ai - e the  t h r e e  p r i m a r y

p a r a m e t e r s  wh ich  m u s t  be c o n s i d e r e d .  In a production e n v i r o n m e n t, the

speed of an e l e c t r o n i c scann ing  s y s t e m  may o f f s e t  the  l i m i t a t i o n s  to p r e c i s i o n

scanning .  If p r ice  c o n s i d e r a t i o n s  a r e  not of c r i t i c al  imp or t a n c e . t h e  precision

of an e l e c t r o n i c  s c a n n e r  may be augmen ted, a l t houg h g~~om e tr i c  p r e c i s i o n

can probabl y n e v e r  reach  that of an e l e c t r o - m e c h a n i c a l  s-y s t em .

If a r e s e a r c h  and d e v e l o p m e n t  e n v i r o n m e n t  is r e q u i r e d , an

e l ec t  r o - m e c h a n i c al  s c a n n e r  could  p rov ide  the d e s i r e d  p r e c i s io n  a t  the  cos t

ci f t h r o u g h put speed . F u n d i n g  c r i t e r i a  would be the  di- t~- r m i n i n g  t - ] e n ~en t in

t h e  t y p e  of d ev i ce  c o n s i d e r e d .

In s u m m a r y ,  the  app l i c a t i o n  scena  r i o  m u s t  be known  a n d  t h e

r e q i i i r en en t s  c a r e f u l l y e v a lu a t e d  he lm- c t h e  s e l e c t i o n  o f t  ( h g i t i / i n g  sy s t em

c a n  t a k e  p lace .
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NAMES A N D  ADDRESS

OF

ORGANIZATIONS
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1

1. CBS L a b o r a t o r i e s  (fi le  data)

227 High Rid ge Rd.

Stanford , C T 0 690 1

203 / 327-2000

2. DBA Systems Inc. (file data)

P.O. Drawer 550

Melbourne , FL 3290 1

305 / 7 2 7 - 20 2 0

3. Dicomed Corp.

7600 Parklawn Ave .

Minneapol is , MN 55435

612 I 888-1900

4 . EMR Pho toe lec t r i c  (fi le da ta)

P.O. Box 44

P r i n c e t on , NJ 08540

609 / 799-1000

5. GCA Corp. - D. W. Mann Co. Div .

174 Middl esex T u r n p ike

B u r l i n gt o n ,  MA 0 1803

617 / 272-5600

6. I n f o r m at i o n  I n t e r n a t i o na l Inc .

5933 Slauson Ave .

Culver City, CA 90230

213  / 390-8611

l a b l e  ~-\I

Manufacturers Evaluated in Survey
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7. Marco Scientific Inc .

P. 0. Box 2699

Santa Clara , CA 95051

408/’ 739-9418

8. Op tron i c s  I n t e r n a t i o n a l

7 Stuart Rd.

Chelmsford , MA 01824

617 I 2 56-4511

9 .  Perkin-El rner Corp. - Holle r &

916 Meridian Ave.

So. Pasadena , CA 91030

213 I 682-3391

10 . Photo D i g i t i z i n g  Sy s t e m s  ( f i le  da ta )

820 So. Mariposa St.

B u r b a n k , CA 91506

213 / 849-6251

11 . P h o t o M e t r i c s  Inc.

442 Marret Rd.

Lexington , MA 02173

617 / 862-8050

12. Spatial Data Systems Inc.

Box 249

500 S. F a i r v i e w

Goleta , CA 93017

805 / 967-2383

I a b l e ~-\I  ( C o n t .

~\ i - i r i t l t a &  t u r r r s  E v a l u a t e d  in  S u r v e y

_ _  _ _  ~~~~~~~~ ~~~~



1. Carl Zeiss Inc .

444 Fifth Ave .

New Y o r k , NY 1001~
2 12 / 730-4400

2. Photronics C o r p .

70 Cantiague Rk Rd.

f {i c k sv i l l e , N Y  11801

SIt / 822-~~4~~0

3. Sy s t e m s  R e s e a r c h  Lab

2800 Ind ian  Ri pp le R d .

D a y t o n , 011 45440

51 3 I 4 2 t - t , 0 0 0

l ab l e  All

Firms Not R e sp o n d ir i ~ t o  S u r v ey  R e q u e s t
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l Baird-A tomic lnc

125 Middlesex Turnp ike

Bedford , MA 01730

617 I 2 7 6 - 6 4 2 0

j 2. Image Ana l y z i n g  C o m p u t e r s  Inc .

40 Robert Pi t t  Dr .

Monsey, NY 10952

-
~~~~~~~ 914/356-3331

3. Fishe r Sci. Co . - J a r r el l  A s h  Div .

590 Lincoln St.

W a l t h a m , MA 02154

617 / 890-4300

4. Schoeffel Instrument Corp.

24 Booker St.

W e s t w o o d , NJ 07675

~~~ 201 I 664-7263

5. Eocom Corp.

19722 Jamboree Blvd.

~~ Irvine , CA 92664

714 / 833-2781

i’able Alil

Firms Contacted With I n s t r um e n t s  N o t  A pp l i c a b l e
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1 . Ante h 1n

1)efitia Bld g. , - 2 52 Ca lv ar y
Waltham , MA 02154

617 / 89 1-5800

2. Gaertner Scientific Corp.

1201 W rightwood Ave.
Chicago , IL 60614

312 / 281-5335

3. Gamma Scientific Inc .

3777 R u f f i n  Rd.

San Diego, CA 92 12 3

714 / 279-8034

4. Gelman Instrument Co.

600 So. Wagner

A n n  A r b o r , MI 48106

313 / 665-0651

5. Ortec Incorporated

100 Midland Rd.

Oak Rid ge , TN 37830
615 / 482-4411

6. SDA Industries Inc.

7955 Haskell Ave.

Van Nuys , CA 91406
213 / 989-5330

7. Telemation Inc.

P.O. Box 15068

Salt Lake City, UT 84115

801 I 487-5399

Table A IV

Firms Recommended to be S u r v ey e d  in F u t u r e
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