


























































l � t n d J o n s  i n d • td e d  i n  th e P R O M  d t : v i c < : w i l l  n ot be d i s c u s s e -1 but may w · 1 1  

i l t ·  W < > r t h  f u rthe r  i n v e stigation fu r a ny pot e ntia l f u t u r e  p r o c u r e m e n t .  
ln g e n e ra l t h  • m o d e l  8 0 0 0  C omta l c o l o r d i s pl a y i s  a v e ry fl e x i b l  

s y s t t - m a t  a r e la t i v e ly m od e rate c o s t.  T h e  s y s tem ha s bee n exte n s i v e l y  

u s t· d w i t h i n  t he i m a g e  p r o c e s s i n g  c o mmunity a n d  a s  s u c h  s c � m s  to b �  th 

s t a n d a rd a ga i n s t  w hic h oth t· r sy ste m s  a r e to be c o m pa r e d .  R e l i a b i l itj 

1 \, , ,., l w t · n  r t� a s ona bly g ood ba s e d  on c o m m e nt s  r e c e i ve d f r o n1 t h e  v a r i o u s  
" r g.• n i zd t i " n s  u s i n g  t lw d t · v i c e .  M o s t  o f  th t · c o m pl a i n t s  a g a : n s t  t h v  C o m t a l  

,., y s t . · n l  ha v • ·  l > t • t · n  a l::l s oc i a t . · d  w i t h  t i J • ·  J l l on i t o r .  I n  pi..! r t i c ul:J. r ,  t h e  r < · s o J u ­

l t "n J !-l  n . .  t S I L  l > y  11 l l. p i x t · J s  u s i n g  tl w I U I N  J I H > n i to r . ln a J J  J a i r n t · s s , 

< k l<• i l · · d  r • · s o l ut i "n n t t ·a s u r t: n 1t · ; , t s ha v �..� n o t  be e n  rnade o n  a la r g �..: c l a s s  
u l  s y :; t , · m s ;  i t  h a s  lw t · n  n o l t ' c l t ha t a l i n e patte r n  o r  g rid w it h  o n  • p i x d 

• > I I  , , n cJ on t ·  p i x l ' l ol f •:a n n ot bt.� r < · s u l vc d  on m o s t  o f  t h e  d · v i c t> s .  Dou b l i n g 

t l w J i n . - o r  g r i d  n w s h , h o w e v e r ,  i s  g <! n c ra l l y r e s o l v e d .  In th i s s en s e ,  

t l w  n · s o l ut i on p r o ba b l y  l i  · s  a r oun d  L S (> b y  2 5 6 .  T h e  n e w  h i g h  r e s o l ut i on 

n wn i t o r w i l l  p r oba b l y  r e s u l t  i n  a s i gn if i c a n t i n c r ea s e  i n  the a ppa r e n t  

n · s o l u t i un o f  t!H · s y s t . · n1 . 

S y s t t > m  c o s t  i s  s u bj e t to a b r oad c l a s s  of a va i la b l e  o pt i on s .  

l l t >W • · v • ·  r ,  i t  i s  e s t i ma l t ! d  t h a t  th e < ' O S t s w i l l  l i t :  b e t W ( ' < ' n  $ 5 0 , 0 0 0  a n d  

$ ' 1 0 ,  ( ) ( ) ( ) fu r· n 1 o s t  t · o nnn un l y r e q u i r < · d  t • q u i pn H · n t .  

T h t ·  n t · x t  C on 1 l a l s y s t . · rn  o f  i n t t. : r e s t  i n  t h i s  s u r v e y  i s  th �..: mode l 

l l l /. 4 .  T h t ·  I J<.� s i v  s y s t • · m  d t · s i g n i s  a h i g h  r e s o l u t i o n b l a c k a n d  w h i t · d i s pl a y  

l u l w ,  . t  d i s c ( s " l i d  s t a l l - n 1 e rn o r y i s  p r o ba b l y a v a i la b l t ! ) r e f r e s h  s y s t e m , a 

l 1 1 n •  t i "n n . .  · r n o r y  fo r poin t opt!  rat i on s , t ra c k  ba l l  w i t h  a s c h : c ta b l  u r s u r ,  

i..l r H I  . 1  g r a ph i c  v a pa l li l i t y . 

A s u m m a r y uf t h e  cha r a ct t · r i stic s of t h e  C o m ta l M od e l 1 0 2 4  
i s  s h own i n  Ta bk V l .  

l �a s i c a l l y t h t !  M od e l ! O l 4  i s  s im i la r  t o  t h e  c ol o r d e vi c e s  ma n u ­

l . � t  t u r t · d b y  C u rn ta l ,  u s i n g < ' S s e n t i a l l y  t h e  s a m t � tC'  h n o l o g y .  T h e  o n ly 

d i l ft - r l · n n ·  i s  t h a t.  the sy s k rn  i s  d e s i gn e d fo r a b l a c k  a n d  w h i te d i s pla y .  T h  

I I H > n i t o r  i s  t h e· Cun r a e  QQA . T h e  tu be w a s ma n u fa c t u 1· · d  t.y Con ra • T h  

. u n p l i l u d v  dy n a m i c  ra n g t ·  i s  f r om 4 t o  H b i t s  ( opti on a l  

t l w M o >d . - 1  I O L4 I S  IH' t w t • e n $ S O ,  0 0 0  :1 n d  $ 8 '1 ,  0 0 0 .  
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Di c ume d Co rpo ra t ion 

D i c omed C o r po ra tion ha s been in the digital  ima g-:! p roc e s s in g  

t ! quipment field fo r a n umbe r o f  yea r s  a n d  manufa ctu r e s  a �1r oa d  spect r um of 

s y s t , • m s  ranging f rom di s play dev ic e s  to s canning  and ha �d copy pla y -

ha c k  s y s t e m s .  Two dis play de v i c e s  f rom D i c omed C o r po r a t ion a r e  inc lude d 

in th i s  s u rvey.  Both dev i c e s  a re ba s e d  on the s a me k ind  oi  mon ito r te c h ­

n ol ogy , the da r k  w riting e le c t l' oc h romic tube.  T h e  d c v i c  s o. re un ique 

i n  t h i H  s u rvey in that ne ithe r re qui re r e f r e s h  ( the mon i to r s  a re a s to r a g e  

t u b< ·  t ype ) . P r ope rtie s of  e a c h  a r c b rief ly  d i s c u s s e d  i n  t.1e following pa ra ­

g r·a ph s .  

The Dicomed Co rpo ra t ion M odel  D - 3 1  Image D i s pl a y  c ha ra c ­

t e r i s t i c s a re summa r i zed in Table  V II .  

Monito r T ype : 

Sc r e e n  S i z e : 

Ima g e  S i ze : 

Point Inten s it y :  

Cont ra s t  Ratio:  

W r ite T i me : 

Re g i s t ration : 

G reen and B la ck St o r a g e  Tube 
( da r k  w r it ing  e le c t roch r o mi c )  

8 i n c he s diamete r 

1 02 4  by 1 02 4  Pixe l s  

6 bit s  

3 : 1  

40 t o  I 0 0  s e c on d s  ( f u l l  s c reen ) 

p l u s  o r  minus 0 ,  J 2mm ( 0 .  0 0 5  i n c h  s )  

Gamma c- o r r e c tion capa bi l it y  

Ra ndom point plot c a pa bi l ity 

Pin cush d i s t o r ti on :  I .  42  mm ( 0 .  0 56 inche s )  ma x imum 

T a b le V II 

D i c omed Co rpo r a tion Model D - 3 1  Ima ge Display Sys tem 

Cha r a c te r i s t i c s  

T h  s y s t e m d e s c r i lw d in Ta ble V II wa s n o t  s ee n  b y  the tou r ing g r oup, 

h • IW o · v t ·  r,  mo s t  o f  t he tou r g r oup wa s fami lia r with th mod 1 D- 3 d s c  rib > d  

i n  Uw fo l l ow i n g  pa rag raph s  a n d  the t w o  a re ve ry s i mi la r a s " i l l  be s h own 
l 1y ' om pa r ·i s on o f  the cha ra cte r i s t i c s tabl e s .  C o s t s  of  th - s y s t � m  re n ot 
k rw w n  but i s  s o m e wha t l � s s  tha n that  of the model D - 3 6 .  
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The othe r Dic omed Co r po ration d i s play s y stem i s  the Model  D - 3 6 

lma g e  Di s pla y.  Cha ra cte ri sti c s  of th D - 3 6 a re shown i n  T a ble  V ii i .  

M onito r T y pe : 

Sc reen S i ze : 

Point Inten s ity :  

Cont r a s t  Rati o :  

W r ite Time : 

Ima g e  S i z e : 

R e gi s t rat ion : 

G r een and Black Sto r a g e  T ube 
( da r k  w r iting e l e c t roch romi c )  

1 0  inc h e s  d ia mete r 

6 bits  

3 :  1 

1 2 0  s e c onds ma x i  mnm ( ful l  s c ree n )  

2 0 48 b y  2. 0 4 8  P i x e l s  

pl us  o r  minus  0 .  2 !  mm 

Ga mma o r r e c t i on c a pa b i l ity 

R a ndom poin t plot c a pa b i l ity 

Boun d s  pl ott ing c a pa bi li t y  

Quad ra nt a d d  r e s  sa  bi l ity 

Pin c u s hion d i sto rtion : 1 .  7 8  mm max imum 

Table  V lll 

Dic omed Co rporation Model  D - 3 6  Image Di s pl a y  Sys tem 

Cha ra cte r i s t i c s  

T ht ·  H im i l a r ity o f  the mode l s  D - 3 1 a n d  D - 3 6  a re ea s i l y  s e e n  by c o m pa rin "' 

T a bl c· s  V II and V I II. 
In a st r ict  s e n s e , the Dicomed s y stems d e s c r ibed in  the p r oce d ­

ing ta blf' s  do not logi c a l ly fit i n  the s u rv e y  of thi s  report  i n  that n e i the r 

de v i c e  i s  inte ra -- t ive in the u s ua lly a c c epted definition . Howe v e r ,  the 

sto r·age  s ys te m s  a re of s ome inte r e s t  in that they do not r e qu i r e  the e x pe n s ive 

r e f r e s h  s ys tem usually a s s oc i a ted with the t ruly int e r a c t iv e  s ystem s .  In 
addit ion , a maj o r  plus f o r  the sy stems noted a bov e i s  the u- .lat ive ly la r g e  

i m a g e  d i s play c a pa bi l i ty , u p  t o  a 2 04 8  b y  2 0 4 8  pix e l  ima o e .  T h e  systems 

have been u s e d  by  many ( i n c lud in g  the  w r ite r )  as  an  edit ing  tool .  The 

la r g (;  image is  w r it te n  onto the  s c reen with  a n  ove r la y  g r id .  The inte r e s t in g  

s e c t i on s  o f  the ima ge can  then b e  c ropped out and u s e d  i n  the ref r e s h e d ,  

inte ra t i v C '  sys 1 1 � rn .  
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... 

Seve ra.! cha racte r i s tic s of the s t o r a g e  tube s y H t  1 n s  which  a r e  

of c onc e rn t o  the us e r  ha ve prevented a mo r e  exte n s i v  us , of th gen ra l 

sy stem type . The most  obv ious p r o bl e m  i s  the long time n�qui r ed t o  

w r i te  a ful l s c r e e n  image . In add it ion , to  the l on g  w r ite t ime , the s r n 

must  be e r a s e d  be fo re any n e w  i mag e i s  w r itten . T he e ra s e  c yc le a d d s  to 

the tu rn a r ound t ime c au s in g  a fu rthe r d r ift f r om a real  t i m e ,  inte r ac tiv 

s y stem . A pr oblem w h i c h  ha s c a u s e d  s ome d iff ic ulty i s  the finite l i fe of the 

d i s pl a y  t u be ,  The s c r e en ha s a l ife t ime of be tween 6 0 0 0  and 1 0 000 e ra s u r e s  

( the s c reen i s  e r a s e d  by he at i n g ) .  The r e pl a c e ment c o st s  of the s c r e e n  a rc 

lwt w • · e n  $6000 and $ 8 0 0 0  ( n ot inc luding t ra v e l  fo r the s c r v ic '3 pe r s onne l ) .  

Ht :ncc the u s e r c o s t s  pe r c y c l e  i s  of the o rde r of $ 1 .  00 , whi c h  may not 

be i n s i gnif icant  in c e r ta in nea r p r oduction a c t i v it ie s ,  

Pe rhaps the s ingle  l a r g e s t  c ompl a i n t  noted on the D i c omed D - 36  

systems i s  the s c r e en p r ope r t ie s .  T he cont r a s t  r a t i o  of 3 : 1 i s  n ot c ompl e te l y  

s a t i s f a c t o r y  t o  many u s e r s .  The l ow cont r a s t  c oupl e d  with the s c r e e n  

c o l o r  ( shade s of " g re e n " ) h a v e  c a u s e d  m a n y  t o  c ompl a i n  o f  p rematu re  

fa t i gue.  I t  doe s not appe a r tha t  the  s to rage  tu be systems s hould be c on ­

s i de red fo r dt-ta il ed ima�c inte r p retat ion , but r athe r fo r e d i t i n g  and c o . text  

rt- v i e w,  

C o s t s fo r the Di c omed s y s t e m s  i s  re la t i v e l y  h i gh i n  both i n s t ru ­

ment p r o c u r e m ent and i nt e rfa c in g .  T he D - 3 6 c o st s  on the o r de r of $ 3 5 , 0 0 0  

a n d  the D - 3 1  i s  somewhat l owe r .  The inte r fa c e s  a r e a l s o  ex pen s i v e .  In 

a rec ent p r ocu rement of an inte rface w it h  a PDP 1 1 / 0 5 ,  the inte rfa ce  came 

to  approx imate l y  $ 8 0 0 0 .  I t  s houl d  b e  noted that the dev i c e  h;:: s been inte r ­

f a c t� d  w i th a l a rge  numbe r of c ompute r s y s t em s .  

The inte r e s t  d reade r s hould c onta c t  Di comed d i re c t l y  fo r any 

fu r t h e r detai led  i n f o rmation.  
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lnt t! rnational Imaging Sys t e m s  

One o f  the new e n t r ie s  into t h e  d i g i ta l  ima ge di s play s y s t e m s  

i s  t h e  Inte rnat ional  Ima g i n g  S y s t e m s  D i v i s ion of Stanf o r d  T e c hn ology 

C o r po ra t i on ,  S in c e  the Inte rnat ion a l  Ima g i n g  Sy s t e m s  ( I2 S )  is a re lat i v e l y  

r e c e n t  e n t r y  i n  to  t h e  f i e l d  o f  i m a g  d i s pla y ,  it  might be e x pe c ted t h a t  th 

sy s t e m s  which the y a re developing re pre s e nt th most  r e c  nt advance s 1n 

the manufa c t u r e d  s y s te m s . In gene ral , th i s  e x pe c t a t i on appea r s  t ru T h  

s y s t e m s  ava ila ble inc lude two stand a l one s y stems ( which  w il l  b e  d t s  u s s e d  

i n  th(·  app r o p r iate s e c t i on o f  th is  repo r t )  a n d  a d i s play c on s : l l e  which i s  

d e t1 c r i bc d  i n  the foll owing  pa r a g r a ph s ,  

The d i s play s y st e m ,  which i s  te rmed the M odel ? 0  U s e r  Con s ole 

by I
l

S is in e s s e n c e  the d i s pl ay po rt ion of  the s tand a lone s y s t e m s  de s c r i b  d 
in fo l lowing  s e c t i o n s  of thi s  r e po r t .  A s umma r y  o f  the cha r a c t e r i s t i c s of 

the d i s play s y st e m  is g i v e n  in T a ble  IX . 

M o n it o r :  

Image S i z e :  

Point Int e n s i t y :  

F un c t i on Memo r y :  

Con r a c  R H N  c o l o r  mon it o r  

5 1 2  b y  5 1 2  

8 b i t s pe r pixe l pe r c ol o r  plane 

B ot h  in put and output fo r all th r e e  

c o l o r  plan e s ,  no s pe c i a l  pae udo c o l o r  

fun c t i on memory 

R e f r e s h  T e chn iqu e :  A l l sol id  s tate  ( Random A c c e s s  M e mo r y )  

a l l ow i ng up to  1 3  5 1 2 by 5 1 2  by 8 bit 

ima g e s  to be held in r e [ r e s h  me m o r y  

Spe c ia l  F un c tion s :  A ha rdwa r e  p r oc e s s o r  : s  inc l ude d p r i o r  

t o  memory which w i l l  pe r m i t  a la r ge 

cla s s  of mult i - pixel  ope r a t i on s .  

T ra c kball  and c u r s o r  p r ov ided 

T able  IX 

Cha r a c te r i s tic s of the Int e r n a ti ona l Ima ging Systems 

M ode l 7 0  U s e r  Con s ole 
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The M udt· l 7 0  C o n 1:1 o l c  1:1 umma r i zed i n l h t ·  f o r e g u i r. g  c ha 1 i s  
one of t he m o s t  int� re st ing s y 1:1 te m s  s e e n  on the d i s pl a y s y ste m s  t ou r . 
T he sy stem wa s de s i g ne d ,  p r ima r i l y  f o r  the I ra n i an gov rr.ment  f o r  u s e  

with LANDSAT d a t a .  Appa r entl y ,  t h e  devel opm ent c o s t s  v.. e r e  p a i d  f o r  by 

the I ranian  g ov e rnment.  

Image data f r om the a s s oc iated c omput e r  s y stf! m  is  read into 

t he model  7 0  Con s ole  afte r pa s s in g  th rough an  in put fun c t ion m m a ry t o  

pe r fo rm any p r e l imina ry r e ma ppin g o n  the i m a g e  g ray s e a l  the u s e r 

m i ght want ( i t i s  not c l ea r to the w r i t e r that  the input f u n c l i c n  m e m o r y  

pe r f o r m s  any u s ef u l  fun c t i on un l e s s  the u s c r would l : k c to  pe r fo r m  a D 

l olo( E c o r r e c t i on p r i o r  to any s u b s e quen t ope r a t i on ) .  A fte r the i n put 

fun c t i on c o r r e c t i on ,  the image data i s  made a va i l a bl e  to a s pe c i a l  p r oc e s s o r  

o2s refe r re d  to  the s pe c ia l  pr oce s s o r  a s  a n  a r ray p r oc e s s � r . but i t  d o  s n ot , 

s t r i c t l y  spea k i n g ,  pe rfo rm a s  the a r ra y  p r oc e s s o r  c ommonly i s  unde r -

s t oo d ) .  Ope r a t i on s  f rom the s pe c ia l  proce s s o r  w h i c h  h a v e  b e e n  p r o g rammed 

i n c l ude the fol low i n g  c l a s s  of  ope ra t i on s :  

Hadama r d  T ra n sform 

K a rhun e n -Loe ve T ra n s f o r m s  on t h e  s pe c t ra l c hann ls  

A fa s t  c la s s if ie r  

A r ithme t i c  ope ration s ( e l ement by e l ement rr.ult ipl y ,  

d i v ide , add,  and s u bt ra c t ion o f  the va r i ou s  

ima g e s w ith o r  without we i ght s )  

H i s t o g ram c ol l e c t ion 

The sy s te m  route s the proc e s s e d  data t o  a va i la ble m e m o r y .  T h  m e m o r y 
s y s t e m  which i s  u s ed a s  the re f re s h  s y s te m ,  w i l l  a l low up t thi r t  ·en  i m a  e s  

t u be retaine d i n  r e f r e sh memory.  The s pe c ia l  proce s s o r  ha s a c c e s s  to 

th ref re s h  memory for  ope ration s as de s i r e d .  The r e f r e !: h  memory fe e d s  

a nothe r s e t  o f  fun c tion memo r ie s  p r i o r  to d i g ital  to  analog c onv e r s ion a n d  

subs equent d i s pl a y  on t h e  Con r a c  mon it o r .  

T h e  a b b r e v ia t e d  fun c tional  de s c r i ption c ov e r e d  i n  the p r e c e d i n g  

pa rag raph i s  s om e what of an ove r - s impl if i c a t ion o f  t h e  sy stem , but wa s 

i n c l ud t · d t o  g ive the reade r a b r i e f  un de r standing of the proc e s s in g  a p ­

a bi l i t i c s  a va i l a bl e  i n  the I 2S Mod e l  7 0  U s e r Con s o le . The i r. te r e s te d  

r t · a d t · r R h uu l d  c on ta c t  the manufa c t u r t � r f o r  addit ional  dcla d s  ( s e  A ppe n d i x  

A fo r a d d re s s  a n d  p h o n e  num be r  info rmation ) .  
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In addit ion t o  the sy stem de s c r ibed a bove , the I �'S  o r ga n i zat i on 

i s  m the p r o c e s s  of inve s t igat ion of the 1 0 0 0  l ine monit o r  ynanufac tu re d 

by Chormu s s e n  Ltd .  ( Ja pane s e  C o r p o r a t i on ) .  Det a i l s  of the monito r a re 

not a v a i l a ble at th i s  t im e .  I
2

S obt a in e d  the monitor and the l imited amount 

of data they had di r e c tl y  f rom the J a pane s e  manufactu re r .  Jt w a s  noted 

that  the CRT is  the same M it s u b i s h i  tube that Con ra c  is  u s in g  for the i r  new 

monito r .  

Inte r fa c e s  f o r  t h e  I
2

S Model  7 0  c on s ol e  a re n ot a �  b r oad a s  

c ould  b e  d e s i re d .  The s y s t e m  wa s de s i gn e d  t o  p r ima r i l y  fun c t i on w i th 
2 

the Hewlett  Pac k a r d  model 3 0 0 0  c ompute r .  Howe v e r I S ha s s uc c e s sful ly  

i nte rfaced the model  7 0  Con s ol e  w ith a Digital  E quipment Cc r po r a t i on 

PDP 1 1 / 4 5  system f o r  NASA . Detai l s  of the s y stem a r e n ot a v a i la bl e  at  

th i s  t ime . 

A s  a gen e ra l  conclus i on , m o s t  of the tou r g r oup be l i e v e d  that 

the M ode l 70 Con s ole is the most pow e r ful d i s pl a y  s y s t e m  on the ma r k e t  

today.  I t  wa s noted that the s y s te m  i s  p r obably t h e  sy stem that m o s t  

o rga n i za t i on s  w i l l  r e qu i re within th e n ext few yea r s .  A l l  d i s pl a y  manu ­

fac ture r s  w il l  most  l i kely  util i ze the ba s i c  te c hnology demon s t rated  by 
2 

the I S sy stem.  

The only  n e gative point s which m i g ht be  made i s  that  of  r e lat ive  

c om pl e x ity .  Some of  the  ope r ation s pe r f o r m e d  by the  Model  7 0  w i l l  m o s t  

l ik e l y  not b e  de s i r e d  by the ope ration a l  photointe r p rete r ( e xample , i t  

woul d s e em unl i kely  that  most  photointe r p rete r s  woul d know what  a 

K a rhunen Loev · t ra n s fo rm of s pe c t ra l  chann e l s  would do and woul d n ot be 
e xpe c ted to make e ffect ive uti l i za t i on of the c a pa bil ity ) .  A s  stated e a r l i e r ,  

tht· sy stem i s  mu c h  l i ke the othe r dev i c e s i n  the D i s pl a y  c ate go r y , de s ign d 

by e n g inee r s  for  e n g i ne e r s .  
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R a mtek C o rpo rat ion 

Ra mte k Corporation i s  pr ima r il y  a g ra ph i c s  d i. s piay manufactu re r 

w h i c h  i s  a l s o  int e r e ste d in the " g ray" s c a l e  ima g e  d i s pl a y .  A t  lea st  one 

Ramtek image d � s play s y st e m  is in u s e  by the image pr oce � s in g  commun ity 

( E RIM ) .  The p r i n c ipa l  feature of the Ramtek d i s play s y :>t P. m  i s  the s ol i d  

state ref r e sh m e m o r y  u s in g  s h if t  r e g i ste r technology.  

A summa r y  of the Ramtek s ystem d i s play is  s hown i n  Table  X .  

R a mt e k  a c tually manufa c tu r e s a s e rie s of d i s play un it s .  T h e  s y stems 

sh own he r e  a r e tho s e  which a re c a pa bl e  of sup�ort ing  the g r ay s c al e  ima g e  

s y s te m s  onl y .  The s y s te m s  a re te rmed GX - 1 0 0 / 2 0 0  s e r i e s  by R amte k .  

Monito r :  

I ma g e  S i ze : 

Point Int e n s i t y :  

R e f r e sh M e mo r y :  

Con rac  RHN 
(a bla c k  and white s y s te m  i s  a l s o  a v a i l a bl e )  

U p  to a 5 1 2  by 5 1 2 

( Config u r e d  to s u it the u s e r  n e e d s )  

U p  t o  8 bits  pe r pixel 

Any amoun t  de s i r e d  

Random V e c to r  Ge n e r at i on s  Ca pa bi l ity 

G ra phi c s  Ov e r lay ava ila ble 

T ra c k ball / j oy s t ic k and c u r s o r  

S plit  Sc r e en c a pa b il i ty 

Sc r ol li n g  c a pa b i lity 

Light Pen c a pa b il ity available  

Ta ble X 

Ramtek GX - 1 0 0 I Z O O  Se rie s 

Image Di s play System Capa b i l ity 

The Ramtek GX l 00 / 2 0 0  s y s tems a re not as wel l  defined as 

a re the othe r s y stems s e e n  on the tou r .  The s y stem r e qu i r e s  a m o r e  

detai led s pec if icat ion f rom the u s e r be f o r e  a s y stem i s  t r ul y  c on f i gu r e d .  

T h e  o r gani zation a ppea r s  t o  have the c a pa bi l ity to develop any de s i re d  

c onf igu rat ion , but ha s not done al l  o f  the s tudie s r e qu i r ed  to  a i d  the 

c u s tome r .  A s  a n  example , the fun c tion mem o ry which ! s  s tanda rd in 
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m u � t  • > f  th t· d i � play s y s te m tl  s e en wa s  n ot s pe c i f i e d  i n  th(' R�mtek  d v i c  · s .  

The probl e m s  p r o ba bly s te m  f r om the l ::l. c k  of expc r i c n c  in t h e  han dl i n g  

of g ra y  s c al e  image s .  T h e  s y stem can b e  ea s i l y  c on f i g u r e d  to  b e  a 

dupl i c at e  of the Comtal 8000 s e r i  s with the e x c e pt i on of th t·e f re s h 

memo r y .  W it h  re s pe c t  t o  the r e f r e s h  m em o r y , Ramtek ha s be n a steady 

hold out f o r  sh ift  r e g i ste r t e c hn ol ogy . They a re now , howeve r ,  s e r iou s l y  

c on s ide r i n g  the u s e  of C C D  and RA M  t e c hnol ogy i n  the ref r e s h  s y st e m .  

T h e  Ramtek s y s t e m  c ould h e  an imp r e s s i ve de v i c � .  Howev r ,  a 

w o rk ing g ray s c ale  sy stem wa s not  a va il a bl e  f o r  r P v i e w .  F o r  tho s e  on ­

s i de r i n g  a Ramtek d i s play s y s tem , it would be r e c ommend d that conv r ­

s a t i on s  be he ld with the E n v i r onmental Re s e a r c h  In s t itute of M i c higan 

( E R IM ) ,  as  they a re the onl y  o r g a n i za tion tha t the  w r ite r i s  iiwa re  of wh i c h  

i s  u s ing t he Ramte k s y s t e m .  

C o s t i n g  of the Ramtek i s  r e l a t iv e l y  c om plex due l a r g e l y  to  the 

l a c k  of " p r e c on f i gu r e d  s y s t e m s "  for g ray s c ale  di s pl a y .  The s y s t e m  i s  

e x pe n s ive  compa r e d  t o  the oth e r  d e vi c e s r e v iewed due m o s tly to the shi f t  

regi ste r r e f r e sh memo r y .  I t  should b e  noted that Ramte k quoted a p r i c e  

o f  app r o x imately 0 .  78� pe r b i t  f o r  the memo r y . On the ba s i s  of dupl i c at ­

i n g  a Comt al l ik e  s y s t e m ,  the Ramt c k  would c o s t  app r oximately  $ 1 5 0 ,  0 0 0 .  

Othe r de t a i l e d  informat ion should be obtained d i re ct ly  f r om 

R a mtck C o r po r at i on .  The a dd re s s  and phone i s  g i v e n  in A ppen d i x  A .  
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S t a n d  A l on e  Sys te m s  

It wa s f e l t  that t h e  d i s pl a y  sy stem s would b e  inc 0mplete w ithout 

a review of c omple te s y s te m s  including a d i s play de v i c e ,  c ompute r ,  ma s s  

s t o r a g e  s ystem , te r m inal a n d  s oftwa r e .  Many of the s e  sy stems a c t  a s  

a djunct t o  the m a i n  c om putation fac i lit ie s located at  the va r i ous  o r gan i ­

"£at ions  i n v ol ved i n  d igital  ima ge p r oc e s s i n g .  A v e r y  r e a l  po s s ib i l i t y  

fo r t h e  futu r e  i m a g e  p roc e s s in g  s y st e m s  i s  in  t he a re a  o f  d i st r ibut e d  

c ompu t i n g  s y s te m s  whe r e i n  t h e  computat i onal  a n d  data hanrlling l oa d  i s  

di st r i bute d between s e v e ral  m a c h in e s ,  e a c h  opt i m i zed t o  h;;,.ndle a s pe c if i c  

s e t  o f  fuc t i on s .  I t  s e e m s  to  make l ittle s e n s e ,  fo r e xampl e , to  uti l i ze a 

l a rge s ca l e  c om put e r  to  pe r fo r m  s ome of the r el a t i v e l y  t r ivial  ope r a t i on s  

c ommon ly e n c ounte r e d  in digital  p r oc e s sing  of ima g e s  ( s u c h  a s  g r ay s c a l e  

remappin g ) .  I n  fa c t ,  i n  many c a s e s ,  the s e  t r ivial  ope r at ion <> have a 

dele te r iou s  e ffe c t  on the p r ima ry c omputin g s y ste m in the s e n s e  the 

u pe rat ions  s l ow down the more c ompl e x  j ob s  i n  the ma in f rame s y s te m .  

l n  t h i s  s e n s e , t h e  c ompl e te sy s te m s  may be  of g reat  long t� r m  value . 

A s e c ond a n d  pe rha ps m o r e  impo rtant  rea s on to  � e v i e w  the stand 

a l ont !  s y s t e m s  i s  to  de te r mine the t e c hn ol o gy on a b r oa d  ba s e  to  dete r mine 

w ha t , i f  a n y ,  tool s woul d be of value i n  the devel o pm e n t of the E T L image 

p r oc e s s in g  fac i l it y .  T he tool s ea rch pr oblem wa s p r im a rily  d i r e cted 

towa rd ha rdw a r t: but a b r i e f  l ook a t  the softwa re offe r i n g s  w a s  made in  

the c ou r s e  of the r e v i ew . 

Co rpo rat ions  r e v iewed in the c o u r s e  of the s te> n d  alone dev ice  

su r ve y  i n c lu de d :  Comta l C o r po r a t i on ( the S e r i e s  9 s y s tem ) ;  E l e c t r oma gn eti  

S y R te m s  La bo r a t o r y  - ESL ( the Inte r a c t i v e  Digital  Ima ge l-.1 a n i pula t i on 

Sy stem o r  ! D I MS ) ;  Gene r a l  E le ct r ic Spa c e  D i v i s i on ( the ln1a g e  1 0 0 ) ;  Int e r ­

n a t i on a l  Ima g i n g  Systems - r2s ( the System 1 0 1 ,  and the M odel  5 0 0  D i gital  

Ima ge P roc e s s in g  Sy s te m ) ; Int e r p r etat i on Sy s t e m ,  Inc .  ( a  v a r iety of  de v ic e s ) ;  

and  Spatial Data S y s t e m s  ( the Data C o l o r  7 0 3  and 7 0 4 ) .  A s i n  the oth r 

s u r v e y  e l emt·nt s ,  ma n y  oth e r o rgan i za t i on s  a rc p r obabl y  in th e bu s ine s s  

o f  total i m a g e  p r oc e s s i n g  s y s t em s ,  but t ime and money l im i ta t i on s  p r e v e nt 
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a m o r t ·  i n v u l v l' d  r t · v i < : w .  I t  iH  a l s o a r · a s onanl · c · r l a i nl y t hat many 

n ol c u r r e n t l y  in  the but1inc B t1  u f  m a n ufa c t u r i n g  d i g i t a l  image p r o c e s s i n g  

t� y s l e m s  w o u l d  be inte r e sted  in providing  de s i gn and man ufactur ing i f  

c on t ra c tual a r rangement c ould be made . T h e s e  type s of o o:- ganizat ion s 

we re  a l s o  omitted in the r e v i e w .  
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C o m t a l  C o rpo rat i on 

Comtal  Co r po ra t ion r c e ntly  ente r e d  the tota l im age p r oc e s s in g  

s y stems ma r k et w i th the s y s t e m  they te rmed t h e  Se r i e s  9 .  T h e  s y stem 

is  appa rently d i r e c t  d towa r d  th LA N DSA T image p r oc e s s in g  ma r ke t .  

T h  ba s i  s y s tem pa ramet  r s  a re s umma r i zed i n  Ta ble X I .  

Di s play Sy s t e m :  

Com put r S y s t e m :  

Pc r i phe ral  E quipme nt : 

C omtal 8000  s e r ie s  

D i g i ta l  E q u i pme n t  C G r poration 
PDP 1 1  I 35  with min imum of 
2 4  K w o r d s  of c o re mem o r y  

Tc r m i n a l  D i g i t a l  E qui pme nt  CRT te rminal  

Tap • U n i t s  ( Z  r e c omme ndl 'd ) 
S oftwa re System:  Comt a l  p r e pa r e d  

Spe c ia l  System s :  A ha r dwa r e  c l a s s ifie r i s  in c l uded 

Table X I  

Comtal Se r ie s  9 Ima ge P r oc e s s in g  System 

The d i s pl a y  s y stem is  t he s a me Comta1 8000 s e r ie s  de s c � i b e d  in the 

e a r l i e r  s e c tion and is  a v a i l a bl e  w ith the standa r d  option s .  T he c omput e r  

s y s t e m  i s  the s tanda r d  D E C  PDP 1 1 / 3 5 w ith 2 4  K w o r d s  o �  c o re m e m o r y  

a s  a �::� tanda rd ( mi n imum ) .  The c omput e r i s  p r ov i ded w ith � h e  K E  1 l A  
e xtended i n s t ruc t i on s e t ,  the K E  1 1  F f l oa t i n g  i n s t ru c t i on S P. t .  A l l  data 

t ra n s fc rs to the d i s play s y s tem a rc implemented u s i n g  DMA t o  a l l ow maxi ­

mum s pc d of data t ra n s fe r .  The two ta pe u n i t s  a rc r e c ommended by 

C omtal  fo r the LA NDSA T image ma ni pulat ion p r obl e m .  The r e q u i r e m  nt  

fo r dua l  t a pe sy stems i s  not a l i mitat i on on the s y stem in that  the u s e r may 

define any pa r t i cula r c onf i g u r a t i on dc s i  r e d .  
T h e  s oft wa re s y s tem ( s )  p rovided b y  Comta l i s  te rmed " t h  Comtal 

Demon st ra t i on Softwa r e "  and a ll ow s  compl ete  c ont r ol of  th d i s play  s y s t e m  

( t he model 800 0 ) . l t  a l s o  inc lude s s uch items a s  r a d i n g  !ma g  s f r om 

magnetic  tape , tape manipulat ion s ( po s i t i on i n g ,  t c .  ) ,  c u r s o r  c ont r ol ,  g r ay  

�::� c a l c  and pseudo c o l o r  ope r a t i on s , h i stog ram c omputat i on s ,  inte r a c t i  ..... e 
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c on t r o l  of f un c t i on m l ' m u r i c· s ,  ima g e magnif icat i on , s ome �C! I c menta ry 

n1at  r i x  ope ration!! on a n  ima ge ( s ma l l  s e gments ) , such a s , I em •nt  by 
t · krnent  a d d , s u bt r act , rat i o ,  and mul t i pl y .  A s e c ond s oftwa r s y s t e m  

i s  prov i de d to  a l low implem entat ion o f  s ome el ementa r y  patte rn  re ogn i ­
t i on a l go r ithm s .  The pa c k a ge i s  te rmed the " Remot Sen s o r  lnt e r act iv  

T r a i n i n g  Routine s "  and w il l  al l ow t ra i n in g  and c l a s s i f i c a t i on of up to 

four c l a s s e s .  The a ctua l c la s s if icat ion i s  handled by a ha r dwa r e  c la s s ifi r .  
In gene ral  the s y stem c a l l e d  the C omta l Se r ie r  9 s ee m s  to be 

a r e a s on a b l y  s t r a ightfo rwa r d  s y stem de s ign  which w i l l  hanr1le a mode rately 

s oph i s t icated problem set  i n c l uding bot h pa tte rn r e c ogn i tio:. and imag 

t •nha n c ement.  The c os t  is  relativ e l y  low c om pa r e d  to othe r s y st e m s  with  

wh i c h  the Se r i e s  9 is  competing .  The c os t  wa s g iven  in the ::-angc  of 

$ 1 2 5 , 000  to $ 1 5 0 , 0 0 0 .  
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E S L, Inc . 

Tht •  E S L ,  Inc , a c t i v it ie s  i n  d i g it a l  image p r oc e s s i ng ha r dwa re 

de vld opmP nt ha ve c e nt r ed a r oun d  a sy stem c a l l e d  the " int r a c t iv D i g i tal  

lmage M a n i pu l a t i on S y s t  m" ( !DIMS ) .  The s y st m i s  bu i l t  a r ound the 

H e w l e t t  Pac ka r d  HP 3 00 0  omput c r  sy stem and is  a c ompl •te  stand a l on 

s y s tem c omple te with ope ratin g s oftwa r , d i s play  s y s t e m ,  and a s s oc ia t e d  

s y s tem pe r iphe ra l s ,  

. , . ' 

!D IMS c h a r a c t e r i s t i c s a re s hown in Ta ble X I I .  

Di s play Sy s t e m :  Comtal 8 0 0 0  S r ie s  

Compute r S y s t e m : H P - 3 0 0 0  with  6 4  K \Vo rd s  m · m o r y  

Pe r i phe ra l s :  

Di s c  s y s te m :  47 M w o r d  

Te r mina l 

Line P r inte r 

Softwa re. Sy s t e m : Ba s ed on F o rt ran , Ba s i c , Cobol , and 

H P  Lan g ua ge s wh i c h  w i l l  a l l ow l h e fol l ov. i n g  

p r oc e s s in g  a l g o r ithm s t o  b e  impl e me nted 

Di s play s y stem c ont rol  

G ray s c a l e  man i pulat ion s 

F ilte r ing 

M en s u r ation 

Optiona l M i c r oP r og rammable A r ray Proce s s o r  

T a ble X I I  

E S L  !DIMS Sy s tem Cha racte r i s t i c s  

The E S L  ! D IMS s y s tem i s  a r e l a t ive l y  powe rful  image p r oc e s s in g  

s y !:! tcm w ith s e v e ral  inte r e s t i n g  featu re s .  Pe r h a p s  the most  inte r e s t i n g  i s  

the mul t i  - d i s pl a y  s y stem s uppo rt  tha t i s  p r ov id e d .  T h e  c ornpute r i s  c a pable  

o f  s u ppo rt ing s e v e r a l  Comtal di s pl a y  un i t s  f r om t he H P 3 0 0 0  c ompute r .  T h  

I a  rge numbc r of p r og ramming langua g e s  a v a i la bl e  a l l o w  the s y s te m t o  be 

ea s ily c hange d  in the s oftwa re sen s e  to a c c ommodat any n L: w  a pp r oa c he s  

t o  the analy s i s  o r  inte r p retation probl e m s ,  The u s ua l  o r  h i s t o r ic a l  
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app roa<:ht· K a re t' u r rcnt l y  included in the s oftwa re sy s te m  prov ided with 

I DIMS.  The s oftwa re w il l  a l l ow ope rat ion s in the F o u r ie r or Hada ma rd 

t ran sfo rm pl ane in  a rea s onably e ff ic ient manne r .  The s oftwa re  sy ste m ,  

which i s  d e v eloped f r om the J P L  ( J e t  P ropul s i on Laboratory)  ima g e  

p roce s s i n g  s y s t e m  V I CA R ,  is  wel l  e s tabl i s hed and doc ume nt e d .  

N o  info rmation wa s obta ined on the opt ional a r ra y  p roce s s o r ,  

hen e ,  any c omment s on the cha r a cte r i st i c s  would b e  pure s pe c ulation . 

It i s  s u g ge sted that  the inte r e s te d  r e a de r contact  ES L d i r e ctly f o r  any 

requi r e d  info rmation . 

Little informat ion wa s p r ovided on the I DIMS � y stem to  the tour 

g roup. Pl a n s  fo r futu re improvements  or n e w  devel opme n t ::;  w e r e  not 

d i s c u s  s e d  by ES L pe r s on n e l .  

T h e  o n l y  pr oblem s  n ote d in  the s u r v e y  we re  that the s y st e m  

s e e m s  relative l y  e xpen s iv e  ( c lo s e  to  $ 3 0 0 ,  0 0 0 )  w he n  com pa r e d  to the 

v a r i ou s  alte r nate s y s t e m s .  I t  wa s n oted i n  the demon s t r at ion that the 

s y stem w a s  rathe r s l ow in  r e s pon s e .  
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Gene ral  El e c t r ic (Spa ce Divi s i on) 

Gene r a l  E le c t r i c  Spac Di v i s ion d v l op d a v r y  inte r s t ing 

image p r oc e s s ing sy stem appa r ntly  dir  cted towa rd the LA NDSA T ima ge 

u s e r ma rket .  Many of the newe r s y s t ms s e  n w h i c h  w re f rom othe r ompan i ' S  

a r e i n  e s s e n c e  s c a l e d  down ve r s ions of the lma g · 1 0 0 s y s t e m ,  T h  gen r a l  

E lect ric  Image 1 0 0 M ul t i s pect ral  Ima g e  Ana l y s i s  Sy st  m ( G- ne r a l  E l e c t r i c ' s  

t e rm f o r  the dev ice ) i s  a s y s tem whi c h  wa s de s ign d to  op r a t e  on the multi ­

s pe c t r a l  natu re of obj e c t s  fo r t he ultimate pu r po s e  of r • oo  r i t i on ,  that  i s  

th t-• use  of c o l o r  w a s  planned a s  an in put to the  s y s t  m . On of th un ique 

featu res  of the  Ima g e  1 0 0 s y s tem is that  i t  is a c ompl et s y s t  m incl uding 

input ima g e  sc ann ing ( n one  of the othe r s y s t e m s  seen in l udc d the abil ity 

to s can an  image ) .  

The Image 1 0 0  s y s tem c on s i s t s  of fou r ba s i  m od u l  s :  a n  in put 

s c anne r unit ; an ima ge analy ze r un it ; an imag m m o r y  un i t ; and p r o  s 

cont rol le r ( c ompute r and a s soc iated pe r i phe ral s .  Cha r a c t C' r i t i c s  of t h  

Image 1 0 0 a re s umma r i zed in T a ble  X III  and X I V . 

Ope ration of the Ima ge 1 0 0 c a n  be sta r t  d w i th c ith r d 1 g it a l  t p · 

o r  an  input t ra n s pa re n c y  ( bla c k  and white , c o lo r ,  o r  ol r �nf ra r d ) .  T h  

image i s  u s ually  imme diately d i s pla yed on the c ol o r  C R T .  ln th pa tt rn  

rec ognit ion mod e ,  the ope rato r pla c e s  the c u r s o r  on the a r ea of  int  r s t  

( by a j oy stic k c ont rol ) and the s y s t e m  dete r mine s the s p  ct ral  s i gnat u r e  

o f  the a re a .  B a s e d  o n  the stat ist ic s ,  t h e  mult idimen s ional  de i s ion 

bounda r i e s  a re dete rmined and the ent i r e  ima ge i s  c l a s s i f i  d. The u s e r 

may r e peat the p r oc e s s  u p  to a total of nine  t ime s to c re ate  a themat i 

map of  the ima ge .  

In additi on to the r athe r e l em e nta ry  d e s c r i pt ion of the patte r n  

r e c ognit i on ope rat ion of t h e  Ima ge I 0 0 ,  the  s y s tem a l s o  ha s the c apa bility 

fo r l imited image enhan c e me n t , pseudo and fa l s e  c o l o r  a s s ignme nt , and 

and a s s o r tment of image inte r p rcte r a id s  built  into th s oftwa r e .  How v r ,  

th� ·  I ma ge 1 0 0 i s  pr ima r i l y  devot e d  to the p r oc e s s  of pat t e .,..n r ogn i t i on 

and a s  one would e x pe c t ,  most  of the s oftwa r e  is  d d i  aled la r g  l y  t o  t h  s 

c la s s  of ope rat ion s . 
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ln put S l ' a n n e r S y to� te n l : 

V i d i c on Scanne r 

5 2 5  l ine , 2 :  I i nt e r l a c e ,  3 0  f r ame / s e c  m a g n i fi c a t i on 

up t o  8 :  l ,  on ly 5 I 2  l in e s  u s e d ,  analog  to d i gital  

c onve r s ion to 8 bit s / pixe l ,  three c ol o r  ii lte r s y s t e m  

f o r  s e que nt i a l  c o l o r  s c a n .  

Ima g e  M e mo ry U nit 

D i s c  St o r a ge Sy ste m  

8 0  t r a c k  di s c ,  e a c h  t ra c k  w it h  l 6 7 K  bits 

( wil l  hold up to f ive  image s ) .  

Ima�e A na l y z  r U n it 

C o r r e l at o r  fo r r e g i s t ra t i on of ima g e s  

P re p r o c e s s o r fo r e r r o r r e du c tion ,  t ra n s fo r m s ,  c omput e s 

c o r  re lat i on fun c ti on , r a t i o s  

A na l y :le r Synthe s i :lC r  fo r logical  ope ration s . histog ra m s ,  etc . 

C o l o r  CRT fo r d i s play of 5 2 5  l in e  ima g e s  with c u r s o r  

Ta ble  X II I  

Cha r a c t e r i s t i c s o f  the Gen e r a l  E le c t r ic Ima ge l 0 0  Sy stem 

( In put Scanne r U ni t ,  !ma g Memory U nit , and A n a l y ze r U n i t ) 

P r oc e s s  Cont r ol l e r  

Com pute r System Digita l  E q u i pm e n t  Co r p . 
P D P  1 1  I 3 5 w ith I & K  w o r d s  m e m o r y  ( r:: an g o  t o  3 2 K  wo r d s } 

Pe l' i phe r a l  E qu i pment i n c lude s :  

Two T a pe U n i t s 

G ra phic s D i s pl a y  Te r m inal 

Line P r inte r /  Platte r 

Di s c  U n i t  - I .  2 M word 

T a ble  X I V  

P r oc s s  Cont r ol U n it f o r  Ge n e r a l  E I C' c t r i c  l ;nage 1 0 0 

(Gen e r a l  Cha r a c t e r i st ic s )  
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The s oftwa re ope rat e s  unde r the c ont rol of a n  e xe c ut ive  s y s tem 

whe r e  the commun icat ion s  w ith the c ompute r a re mnemon i t. al l y  o r iented 

( that i s , u s e r o r iente d ) .  T he s oftwa re wa s p r ima r il y  c on f i gu re d  t o  inte r ­

fac e  w ith a di s c  ope rat ing sy stem , but it c an be " eas ily"  ac]apte d to ma gnet ic  

tape o r  c o re memory s y s te m s . 

Options  to  the Image 1 0 00 a re v e ry b r oad , rangin g f r om m o re 

s oftwa re ( s uc h  a s  factor  analy s i s  prog ram s ,  c lu s te r anal y s i s  prog ram s ,  

etc . ) to exte n s i v e  ha r dwa re modif ication s ( ha r d  c opy output 3 ys te ms ,  l in e  

p r inte r s - high s pe e d ,  etc . ) .  

C o s t s  of the Ima ge 1 0 0 s y s t e m  we re not a v a i l a ble , but they 

a rc expe c te d  to be quite high ( p r obably of the o r de r of $ 5 00,  00 0 ) .  The 

s y stem i s ,  in the view of the w r ite r ,  the " Cadil lac " of the patte r n  r e c ogni ­

t i on / image proc e s s in g  s y s te m s .  F o r  the c la s s  o f  image proc e s s in g  

a c t i v itie s t o  be pe rformed a t  the E ngine e r in g  Topog raph i c  labo rato r i e s  

(ba s e d  on pu r e  s pe c ul a t i on a s  to w hat tho s e  ope ra tion s a r e  to be ) ,  the 

Ima ge 1 00 0  s y stem doe s not a ppea r t o  be the be s t  mat c h .  
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Inte  rna t i on a !  Imagi ng Sys t e m s  

Inte r na t i on a l  I rnp. g i n g  Sy s t e m s  D i v i s i on o f  Stanio r d  T e c hn ology 

Labo ratory  ( I
2

S )  ha s i n  addit ion to the d i s play s y stem de s c r i be d  ea r l ie r ,  

a stand alone sy s tem p r odu c t  l in e .  Spe c if i c a lly , two s y s te m s  a r e  

The tw o s y stem s ,  de s i gnated a s  System 1 0 1  

and M ode l 5 0 0  D i g ital  Ima g e  P r oc e s s in g  Sy s t e m ,  a r e gen e 1  i c a lly  re lated 

in that the ba s ic de s ign phi l o s ophy is  the s ame . The M ode!  5 0 0  D i g ital  

Ima ge P r oc e s s in g  System is  a ctually a s c a l e d  down v e r s ion of the System 

1 0 1 .  B oth s y stems make u s e  of the d i s pl a y  s y s t e m  de s c r ihed i n  the s e c b on 

of thi s  r e port  on D i s pl a y  Sys te m s .  

E a c h  s y st e m  w i l l  b e  d e s c r i be d  i n  some deta i l  i n  the fol l ow i n g  

pa r a g r a ph s .  The ba s i c  d i s play te c h n ol o g y  o f  r2s wa s de s c r i b e d  in the 

e a r l ie r se c t i on and w i l l  n ot be r e peated he re e x c e pt f o r  l irnitat ion s w h i ch  

may be  a ppl i c a ble to the total  s ystem. I t  sh ould be n oted that  the  M odel  

7 0  D i s play Sy stem wa s de s igne d t o  be  ope rated in the total 'i y s tem de s c r i b  d 

ht !  re . 

Sy stem 1 0 I i s  the " top of the l in e "  s y stem f r om 1 2 s . The s y s t e m  

c ha r a c te r i s t i c s a re s umma r i ze d  in  Tabl e  X V .  

D i s play Sy s te m :  
2 

I S M odel  7 0  U s e r  Con s ol e  

C ompute r :  Hewlett  Pa c kc.. r d  3 0 0 0  

Compute r Systetn Pe r iphe ral s :  

D i s c  4 .  9 M Byte 

Tape U n i t  ( 2  r e c ommen d e d )  

Te r m inal  

Softwa r e : Ba s e d  on H P  Ope r a t i n g  Sy s tem 

A ppl i c a t i on Softwa re ba s e d  on V ICA R or PE COS 

a pp r oa c h  to ima g e  proc e s s in g .  

T a bl e  X V  

In te rnat i onal  Ima g i n g  Sy stems Sy stem 1 0 1  Ch3. r a c t e r i s t ic s 
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A s  with must  othe r maj o r  image p r o c e s s ing sy stem s , only the 

ba s e  s y s te m  can be de s c r i bed he r e .  A c c or ding t o  1 2 s  ( a s  well  a s  a l l  

othe r manufa ctu re r s )  the final  c onfigu ration of any s ystem can b e  ta ilo r e d  

t o  " a ny" u s e r  requi rement s .  

T h e  s oftwa re  s y stem i s  a multiple u s e r type whi ::: h a ll ow s  a 

h q �h l e v  1 l a n guage for  c omma nd i n put , a l lows for  both batch and inte r ­

· t t f' opt> rat in� modf" s , a l l ow s for  u s e r  defined ma c ros a n d  c ommand 

l t s t s ,  prov tde s for c at a l oguing a r.d maintena n c e  of u s e r fi l e s  ( s uch a s ,  

ll'l • r s ,  pa ramete r ,  and h i s to r i c a l  file s ) ,  and  pe rmits  a r c hi v a l  ima g 

t o r  �l'  net r t r ieval . The s oftwa re ( a ppl i c a t i on s )  i s  w r i t t e n  in F o rt ran I V .  
ThP s tw a r e p r ovide s fo r a menu pr ompting mode f o r  ine xpe r ien e d  u s e r s .  

S in  the sy stem al lows fo r both bat c h  a n d  inte r a c t i v e  p r oc �:: s s in g ,  soft-

wa re  is  p r ov ided which wil l  pe r mi t  u se r s  to p r o g r a m  in  C O B O L ,  F OR T RA N  

l V ,  BA SIC , o r  HP.  

The a ppl i ca tions s oftwa re pe rmit the follow in g  c la s s e s  of  

op rat i on s :  

A r it hme t i c  ope rations ( a dd ,  subtr a c t ,  rat io ,  d i vide , multiply ) 

Dens ity mappi n g s  ( pi e c ew i s e  l in e a r ,  l og s ,  e x pon e nt ia l ,  

h i stog ram r e d i s t r i but i on )  

Ge ome t ric  ma n i pulations  (magnify ,  re duce , r e g ! � te r ,  wa r p ,  

r otate , and s c a l e ) 

Image r e s t o r at ion (mot ion blu r  c ompen sation ,  de foc us  

c om pen s at ion ,  W iene r f i l te r i n g ,  M T F  c ompe n sation ,  

h omomo r ph i c  f i lte r i n g , and gen e ra l i zed c on v ol ut ion ) 

Multi spect ral c la s s i f icat ion ( s el e c t  t r a in i n g s e t s , c l u s te r i n g ,  

supe r v i s e d  c l a s s if ie r ,  pa r a l l e l -piped c la s s if ie r ,  

Ka rhunen - Loev e  t ra n s f o rmat ion , Hada m a T d  t ra n s fo rmat i on ) .  

l t  s hould b e  noted that many of the ope r at ion s mention e d  i n  t he a bove l i s t 

c an be a c c ompl i s hed in e ithe r the H P  3 00 0  o r  the s pe c i a l  pu rpose a r ra y  

p r oc e s s o r  in the U s e r  C on s o le ( Model 7 0 ) .  

System 1 0 1  i s  one o f  the be s t  stand a lone s y s t e m s  s e e n .  A 

demon s t ra t i on was given fo r the tou r g r oup and a l l  a g r e e d  that the s y s tem 

wa s " s pe c ta c ul a r " . The only negative point r a i s e d  was the r e s pon s e  t i m e .  

I 2 S  indicated t h a t  the " s low r e s pon s e  t ime i n  ima ge l oa d i n g  etc . wa s due 
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t o  t h t• m u l t i - u s t ' r  e n v t r un m e nt , tha t i s  th t im e  s h a r e .  Some ve ry  mi n o r  

s o ftw a r t •  f l aw s  w l· r � not ed , t h <' most  obj e c t iona b l e  w a s  the imag e b r ea k up 

d u r i n g  a f u n c t i u n  n H· m o r y  load ope rat i on .  

Sy s t l·m 1 0 1  o s t s  w i l l ,  o f  c ou r s e .  va ry w i th u s e :r  d e s i r ed opt ions 

but  t h e  o v e r a l l o s t  fo r a ba s i  sy s t em i s  i n  the r a ng e  $ 3 3 5 , 0 0 0  to $ 54 5 , 0 0 0  

d<' p e nd i ng o n  opt ion s . 
T h  • Mod e l  5 0 0  Di g it a l Imag e P r oc e s s in g  s y st em i s  actual ly  a 

S t' vt> r l' l y  s c a l ('d dow n  Sy s tem 1 0 1 .  T h e  d i splay c on s o l e  i s  r educ ed in  

a pa b i l ity a s  i s  the c omput t> r s y st e m .  T h e  ba s i c  c h a r a c t e r i s t i c s o f  th e 

Mod t' l 5 0 0  a r e  s hown i n  T a b l e  X V I .  

D i s p l ay Sy s t e m :  (a s c a le d  d ow n  Mod e l  7 0 )  

Mon i to r :  Con r a c  R H N  

R e f r e s h  Sy s t em : ( s o l id s ta t e ) 

2 5 1 2  by 5 1 2  by 8 bit  image' s  

5 1 2  by 5 1 2  by 2 bit  g r aph i c s 

H a r dw a r e  D i sp lay P r oc e s s o r  ( l i k e  t h e  Mod e l  7 0 )  

Func t i on Memo r ie s :  ( input and Output } fo r t h r e e  

c o lo r  pl ane s 

G r aphi c s  O v e r lay G e n e r ato r 

C omput e r  Sy s tem : HP 2 1  MX w it h  1 6 K  C o r e  M em o r y  

Comput e r  Pe r iphe r al s :  

D i s c :  HP 7 9 0 0  ( 5  Mbyt e )  

Pap e r  Tapt> Reade r 

T a p e  U n i t  ( 7  o r  9 t r a c k ) one  r eq u i r ed 
C R T  T e r m i n a l  

Softw a r e :  De s ig ned a r ound H ew l et t  P a c k a r d  D i s c  ba s ed 

R e a l  T i m e  E x e c ut i ve 

T a b l e  X V I  

Inte rnational  Imag i n g  S y s t em s M od e l  5 0 0  

D i g i t a l  Im a g e  P roc e s s i n g S y s t e m  C h a r a c t e r i st i  s 
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The ba s i c  s y stem c a n  be u pg r ade d w ith  a s  many opt i o n s  a s  oth r 

H y stc m s .  It i s  pos s i ble  t o  inc rea se  the r e f r e s h  sy stem ·-.�p t o  the Model  7 0  

t· a pa bi l iti e s  ( that i s ,  u p  t o  1 3  ima g e s  i n  memo r y )  a s  w e l l  a s  add o n  th 

othe r pe r i phe ral  c a pa bil it i e s  on the d i s play s y s te m .  

::,oftwa re  c a pa bi l i t ie s a r e  built  a r ound the H P  Real  t im E x e  ut ive  

s ys te m .  T h e  gen e r a l  c a pa bi l i t i e s  include :  

Command St r i n g  lnte  r p r ete r 

Ima ge Ent r y  ( E R T S ,  A ve ra ge ,  Line Sc a n )  

Sto re Image 

M i s c e l lane ou s  h e l p, l i s t ing  of  d i re c to r i e s ,  e tc . ) 

D i s play P r oc e s s in g  inc lud i n g :  

Look up table s ,  addit ion , subt r a c t i on ,  m u l t i p l i c a t i o n ,  d i v i s i on 

Loa d i n g  of func tion memo r i e s  with c o l o r  t a bl s 

de n s ity remappi n g ,  c ont r a s t  c ont rol , b r i g htn s s  c ont r o l .  

G ra phic s ( ov e r l ay s )  

M i n - max 

The model 5 0 0  sy stem wa s not  s e e n  in  ope rat i on oy the  tou r 

g roup and l ittle c omme nt  can be made.  It d oe s  s e e m  th <-t t h e  sy stem offer s  

s ome small  advantage s in that the us e r  can  buy a c omplete sy stem but it 

would appe a r that the u s e r would p r e fe r a l ittle m o r e  powe r in the ope r a t i on .  

It w ould s e em that some of the Dig ita l E qu i pment C o r po ra t i on m in i - c o mpute r s  

would be an i m p r ovement .  This  c omment i s  s t r i c tly a pr  judice  of  the w r i t  r .  
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. 'pa t i a l  Data Sys tems 

The f i na l s tand a l on e  s y s tem re v iewed i n  the s u r ve y  wa s th e 

Spatia l Data Syste m s  dev i c e s ( te rmed Data C o l o r  7 0 3  and 7 0 4 ) .  Th 

Spatial  DRta Sy s te m s  d e v i c e s  a re the l e a s t  e x pen s iv e  stand alone int g rat d 

device s .  Nat u ra l ly , the c a pa bllit ie s s uffe r s om ewhat by c ompa r i s on 

w ith  the more e x pe n s iv e  s y st e m s  · p re v i ou s  de s c r i be d .  How ev e r ,  if a 

min imum c ost s y stem is  d e s i r e d;� the dev i c e s  w il l  pe r f o rm a s u r p r i s in g l y  

la r g e  num be r o f  t h e  ope rations  o f  the m o r e  e xten s iv e  s y s tem s .  

A b r i e f  s um ma ry of the c ha r a c t e r i s t i c s  of the Data C o l o r  7 0 3  

s y stem i s  shown in T a ble X V II 

D i s pl a y  Monito r :  

Re f r e s h  Sy ste m :  

C ompute r :  

C ompute r Pe riphe ra l s :  

Othe r C om pone nt s :  

Softwa re  Capa b i l it ie s :  

C on r a c  R H  

lma g i z  : 5 1 2  b y  4 8 0  pixel s 

Point Int n ity : 3 2  

C ol o r  C a pa bi l i ty : 3 2  Colo r s  

i d  o ( f r0m a v i cli or- c ame r a  tube ) 

D i g ital  E quipme n t  Co:o·poration PDP l l / 0 5  

R K 0 5  Di 

Digital  E q u ipm nt C o r p .  Ca s s ett 

Magnetic  T a pe U n i t  

J oy Sti c k  and u r s o r  

V ideo G r a ph i c s Sto r a g e  

( Modified PE P 4 0 0 )  

Magnifi c a t ion 

Gra y S c a l e  ope rat ions  

Limit e d  filte r i n g  

L apla c ian 

H i s tog ra m s ,  l i n e  p r ofi l e s  

T a ble  X V II 

Cha racte ri s t i c s of the Spatial  Data Sy s t e m s  Data c ol o r  Dev i c e s  
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Cha r a t l t · r i �o� t i c �o�  . , f l hl '  Da t a  C o l o r  � y s l P r n  c a n  bt" H l bt..: u n d e r s t oo d  
f r um a s i mpl i f i c · d  s c f'na r io , T hf' i n i t i a l  image i s  s c anned by t h e  v i d i  on 

c a m e ra s y ste m and fed to  the s t o r a g e  tube a nd a na l o g  p ro c e s s in g  s tat i on 

( wh ic h  i s  inc luded in the fun c t i onal  c h a r a c t e r i st i c s ) .  Se lect  d image s o r  

p o r t i o n s  the reof  may t h e n  b e  pa s se d  t o  the c ompute r sy s t e m  v ia a n  ana l o g  

t o  d i g it a l  conve rte r .  T h e  ima g e  m a y  then be p r o c e s s  d d i g it a l l y  an d r e -

w r it ten on the sto rage  tu be fo r d i s pl ay on the c ol o r  monit o r .  The Data -

c ol o r  s ys t em i s  pe rhaps m o r e  a c c u ra t e l y  a hy b r id s y s t e m  in that  both 

analog and d igital  t e c h n i qu e s  a re u s e d .  
A ft e r p r oc e s s in g , the i ma g e  data i s  n o r ma l l y  g iv n ove r to a 

fi l m n · c o rde r f o r  pe rmanent s t o ragf' ,  ( T he f i l m r e c ord  i s  h i gh ly 

rt' c ommcnded by the man ufa ctu r e r ) .  

Spat ial Data Sy stem s offc ! r S  a rath e r la r g <.:  a r ray uf a c c e s s o r i < : s 

o r  opt i on s  w i th the d e v i c e .  Many of the s e  pe r iph e r a l  s y ste m s  would be of 

inte r e s t  such as the 3 D  d i s pl a y ,  the v i de o m i c romete r ,  e t c . 
The Model  7 0 4  Dat a c o l o r  i s  e s s e n t i a l l y  the s am e  a s  the mod 1 7 0 3  

d e s c r i bed i n  the p r e c ed i n g  pa r a g ra ph s  le s s  s ome o f  the fe<Ltu r e s  ( e xampl e ,  

t h e 7 04 g i v e s  on ly 1 2  c ol o r s  t o  the d i s pl a y ) .  

A s  stated i n  the e a r l i e r  pa ra g ra ph s , t h e  Dat a c o l o r  s y stem i s  
o{ \ ntf' r c st f r om thf• stan dpoint of c os t ,  T h e  s y s te m  p r i  e s  ra.1 gc f rom 

$ 1 5 , 0 0 0  t o  $ 5 0 , 0 0 0  fo r  the top of  the  l i n e .  

Pe r f o rma n c e  o f  the Spa t i a l  Data Sy s tem s i s ,  of  ·· ou r s e , l ow 

r e l at i ve to  the· oth e r de v i c e s  r e vie wed . T h e  mo s t  o bj e c t i or,<�. l  feat u r e  i s  

the l ow numbe r o f  c ol o r s  a n d  g ray s c a l e  ava i l a bl e . It w ou l d  be a s su m e d  

that  the p rob lem s c ould b e  c o r r e c t l ' d i f  r e qu i r ed .  Oth r than t h e  r e du c e d  

c a pa bi l ity , the Dat a c o l o r  sy s t e m s  w o u l d  a ppea r to b e  a n  ideal  l ow c o s t  

a l te rna t i v e .  
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C a n d i date  F ut u r e  D igital  Image Di splays 

D ig i ta l  Ima ge d i s pl ·  y s  w h i c h  ma y c ome a bout in the futu r e  a r e  

st r i c t l y  a matte r of pe r s on a l  s pe c ul a t i o n .  The r e  a r e ,  h ow e v e r ,  a numbe r 

of int e r s t i n g  dev t c e s  w hic h  a re in va r y in g  s t a g e s of s tudy v.; h i c h  c ould 

develop i n t o  th e di s pl ay s y s t e m s  of the futu r e .  Thi s s e c ' i on of the s u r v e y  

i s  d e d i c ate d t o  t h e  r e v i e w  of  d e v i c e s  wh i c h  m a y  pe r f o r m  th� ta s k  in t h  

futu re of d i s play of d i g ital  ima ge s .  

T h e r · a r e  s e v e r a l  t e c hn i que s on e m i gh t u s  fo r att e m pt i n g  t o  

f o re c a s t t he futu r e  di s pl a y  s y s te m s .  The pa r t i  ula r one u s e d  h e r e i n 

i s  that  of the te c h n i que of ad d r e s s in g  thC! d i s pl a y  s e r e n. It w a J  noted tn 

t h e  s e c t i on on s u r v e y  t e  hn i que that d i s pl a y  s y st e m s  c ou l d  b� c a t  g o r i ze d  

by t h e  a d d r e s s  t e ch n i q u e ,  t o  wit ,  b e a m  a dd re s s e d  v s .  mat r i:A a d d r e s s e d .  

T h e  be a m  a dd re s s e d s y s t e m s  a re s pe c i f i c a l l y  t ho s e  a s s o c ia t e d  with  the 

deflec t e d beam , in  e s s e n c e  the C R T  i n  a r a s te r s c an mode . Th e oth e r 

t e c hn ique , m a t r i x  a d d r e s s in g  i s  e s s e n t i a l l y  a d i s c r e t e  random a c c e s s  of 

p o in t s  in the d i s pl a y e d  ima ge s pa c e .  A few c ommen t s  anc.! poten t i a l  s y s t e m s  

a r e b r ie fly e xa m i n e d  in  the f o l l ow i n g .  B e f o r e  s ta r t i n g  o n  t h � s e  " s k y - blu " 

s y s t e m s , it s h ould be note d that m o s t  of the t e c hn i que s p r e s en t e d  he r e in 

a r e de r i ve d  f rom two ba s i c  s ou r c e s ;  

1 .  P r oc e ed i ngs of the I E E E , J ul y , 1 9 7 3  

2 .  A s s o rted data and a rt i c le s  f rom t h e  Soc iety  o f  info rma t i o n  
D i s pl a y  

The int e r e s te d r e a d e r i s  r e fe r re d  t o  �h c s c s o u rc e s fo r [ u r ::: h c r i n fo r m a t i on .  

I n  the beam ad d r e s s < : d  s y s t e m s ,  t h �  C R T  s y s t e m  is th · m o s t  

po pu la r . T h e  s y s t e m s  de s c r ibed i n  t h i s  r e po rt a r  a l l  C R T  w ith r a s t  r /  

beam a dd r e s s e d  t e c hn o l o gy . E n ough ha s b e en s a id a bout th C R T  a nd n o  

f u r the r c omments  w i l l  be made oth e r  than the C R T  s y s t e m  w i l l  m o s t  l i k  l y  

b e  the d i g i ta l  i m a g e  d i s pl a y  s y stem o f  t h e  futu r e  m u c h  a s  i t  i s  tod a y .  

T h e  ne xt beam add r e s s ed s y stem i s  the s ann i n g  l i gh t  b a m  o v  r 

a s c r e e n e ithe r r e fl e c t i v e  o r  t ra n s m i s s i ve .  E i th e r th bea r n  o r  th l i  h t  

path b twe e n  t h e  s o u r c e  o f  i l luminat ion a n d  the s c r  en ma ; b modulat  d .  

( In th m odul a t e d  l i ght path , a n  opt i c a l  m odu l a t o r  may b u. s e d  on th out put 

of the l i ght s ou r c e ) .  In e s s e n c e  s u c h  s y s t e m s  a r e a v a i la b l  ( that i s  p r a  t i  a l l  

t od a y . T h <� A e r onut r on i c  F o r d 3 p< • k s y s t e m  i s  e s s  · n t i a l l y  s u  h a s y s t  m 

4 

.�,-�-·· · - -



e v e n  though t lw !:l o u r  · c i s a C R T .  T h l' s c r · en a n d  p r oj c c t wn sy stem i s  

the ke- y  d e ment in  ide nt i fy ing  the s y s te m  a s  a b a m  a d d r e s s t! d  s c an n i n g  

l i ght beam s y s te m .  

C a n d ida t e s  fo r n e w  be a m / mat r i x  add r s s e d  s y s te m s  l i  p r ima r i l y  

i n  the a r e a  of l a s e r d ; · v i c e s  a n d  l e  t r  - o ptic a l  modul a t o r s .  T h  n d 

f o r  l a s e r s  i s  due to  the u s ua l l y  h i gh pow e r· l v l s  r e qu i r e d  to  a c hieve  m in i -

mum b r i ghtn e s s .  Typi a l ly the s y st e m s  rcqui r of th o r dt · r o f  1 wat l / s qua r 

mt� te r to  a c hieve  a de quate b r ightn e s s  due t o  l o s s e s  i n  the £ e re n and the  

modulato r .  The t e c hn ology e x i s t s  to  c r  ·ate  s u c h  a d i s pl a y  s y stem today 

c om p l e te w it h  c o l o r .  The t e c hn ol ogy is j u s t  that requi r e d  t0 w r i t  an i ma g -

on f i l m ,  but with ref re s h  r e qu i rements  equa l  to  t ha t  of the C R T  s y s te m .  

Suc h a s y s te m  would  b e  quite e xpen s i ve a n d  doe s n ' t  s e e m  t o  offe r much 

advantage  ove r the  CRT s y s te m ,  The onl y  a dv a n t a g e s  w h i c h  m i ght oc c u r  

would be : pos s i bl y  h i gh r e s o lu t i on , f lat  d i s play  s c re e n , la r ge s c r e e n  e a s i l y  

a c h ie ve d ,  a n d  hope ful l y ,  imp r oved ge ome t r i c  p r e c i s ion . T he pot e n t i a l  p r o b l  m !::> 

on the  othe r ha nd inc l ude ve r y  h i gh powe r r e q u i rem • n t s ,  p u s s i bl e  l ow c on -

t ra s t  ( p rima r i ly  due to  s c r e en p r ope r t i e s ,  and  o b v i ou s ly v e r y  h i g h  o s t  

re lat ive  to t h e  C R T  s y ste m s . 

Mat r i x  add r e s s ed s y stems offe r a g reat pot e n t i a l  f,n the futu r  

s y s t e m s  fo r di s pl a y .  The s e  ma t ri x  a d d r e s s ed s y s t em s c a n  be  f u r th e r  

d i v i d e d  int o tw o c at e g o r i e s : s e lf - i l lumin ating a n d  l i ght v a lv e s . ln the s e lf ­
i l luminated dev i c e s ,  one would f i nd the a r r a y s  of l i ght  e.n i tt i n g  d iode s ( LE D )  

pla s ma pane l s  and e l e c t rolumi n e s c en t  pane l s  ( E L pan l s ) . One othe r te c h n i q u  · 

f o r  t he s e l f  - i l l uminated dev i c e s i s  the  d ig ital ly add r e s  s e d  ( mat r i x )  C R T  

s y st e m .  A f e w  c omme n t s  w i l l  be offe r e d  on e a c h  i n  the f o l l ow i n g  pa r a g r a ph s .  

F i r st  c on s i de r  the s e l f - i l l uminated mat r ix a dd r e s s e d  s y s tem s .  

The l i ght e m it t i n g  di ode seems t o  b e  the f r ont runne r a t  t hi s  t ime . Sev r a l  

c o r po r at i on s a r e c u r rent ly  c o n s ide r in g  s u c h  a de v i c e  fo r d i s pl a y  of g raph ic s  

da t a ( c ompute r t e r m i na l s  and c o c kpit  d i s pl ay s ) .  A s u rvey of c om pa n i  s 

i nvolve d w a s  not made but s ome o f  those who a rc c u r r er , t ly  r v i e w i n g  the 

tec hnology i n c l ude : He wlett Pa c k a rd  ( Pa l o  A l t o ,  Ca . ) , a n c  Texa s I n s t r u ­

nw nts  ( Da l l a s ,  T e xa s ) .  The L E D  d v i c e s  offe r man y  advantag s in  l u din g 

flat s c r e e n s ,  h i gh b r i g htn s s ,  geomet r i c  pr e c i s i on ,  o l o r  (would r e qui r 

s e vC' ral  LE D ' s  p r pixel  mu c h  l i k  the s ha d ow ma s k  tube ) ,  a n d  memo r y  
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( w l l h  LS l - l ct r g • ·  H <. a l • ·  i n t c g r· a l t : d - l a t c  h i n g  c i r c u i t s f u r d r i v  · r s )  bu i l t  i n .  

l l ow t · v t · r ,  a l a r ge a r ra y  w ou l d  b v  r · l a t i v e l y e x pe n s i v  · .  l n  t · r m s  o f  p r -

d i c t i on ,  t lw L E D ' s a r e pe 1 h a p s  t he m o s t  l i k e l y  a n d i d a t · f ,  r t h e  " s k y - bl u e "  

d i s pl a y  d t · v i c c  w i th mat r i x  a d d r e s s  c a pa b i l i t y . 
P l a s ma d i s pl ay s y s te ms  h a v e  be e n  toute d r a t h  r he a v i l y f o r  the 

pa s t S ( ' v c r a l  y e a r s  as a d i s pl a y  c a n d i da t e  fo r g r a ph i - s  s y s t  m s . H o w e v  r ,  

t h C' de v f' l o pm e n t h a s been l a g g i n g t h e  a n t i c i pa t e d  t i m e  s c h e d ul e . T h e  pl a s m a  

de v i c e s  a r e c la s s i fi e d  b y  the w r i t e r  a s  r i s ky . The p r e v i o u s  d e v i c e s  ha v 

be e n  l a c k in g a g r a y  s c a l e  c a pa b i l i t y ,  w i t h  l im i t e d  r e s o l u t i o n , a n d  l ow b r i ght ­

n e s s .  T he y  do offe r ,  g e n e r a l l y , i n h e r e n t  me m o r y  a n d  h e n -: e  s im p l i f y  t h  

r e f r e s h p r o b l e m .  Some o f  t h e  o r ga n i za t i o n s  i n v o l v e d  i n  t h e  t e c h n o l o g y  

i n c l ude : B u r r ou g h s C o r po ra t i o n ,  Ow e n s - I l l in o i s , B e l l  La b 0 r a t o r i e s 

( l l o l m d t ! l ,  N . .1 . ) , I B M ( K i n g s t o n , N .  Y .  ) , C on t r ol D a t a  C o rp o ra t i on 

( M i n n t· a po l i s ,  M n .  ) , a n d  G T F.  La b o ra t o r i e s , I n c .  ( W a l t ha m , M a s s . ) ln 
g t · n t· ra l ,  t h t ·  pa s ma d e v i c e s  d o  n ot a ppt! a r· to b< '  a S l ' r i o u s  c a n d i d a t e · f o r· 
f u t u n ·  g r a y s c a l t :  i m a g e  d i s pl a y .  

E l e c t r o l um i n e s c e n t  ( E L )  pa n ' l s  ha v e  be e n  c o n s i d e r e d  o n  a n  o ff - on 

ba s i s  a s  t h e  u l t i m a t e  r e pla c e me n t f o r  b r oa d c a s t  t e l e v i s i o n  s y st e m  s e r e n s .  

The r e s e a r c h  t o  d a t e  ha s y e t  t o  p r odu c e  a n  u s a b l e  de v i c e of a n y  qu a l it y .  

T he E L  pa n e l s  d o  p r ov i de c ol o r ,  g ra y  s c a l e ,  a n d m o de ra t C' c o s t p ot e n t ia l , 

but d o  n ot pos s e s s  m e m o r y  i n h e r e n t l y .  W i th r e s pe c t  t o  t h  l at te r po i n t  

r • · g a r d i n g  i n h e r e n t  me m o r y , d i e l e c t r i c  d e v i c e s  c a n  be b u i l t  i n t o  t h e  E L  
pa n e l  w h i c h  d u  a l l ow l im i t e d  c h a r g e  s t o r a g e , a n d  h e n c e  c u l d  b p t c nt i a l l y  

a s a v i n g  i n  t h e  r e f r e s h p r o b l e m .  H i gh r e s ol u t i on i s  a r a s on a b l  pos s i bi l i t y  

w i t h  tht!  E L  pa n d de v i c e s .  lf  t h e  r e s • a r c h  c o n t i n u  • s ,  t h e n it m i gh t be 
t · x pt: c t e d t h a t  t h e  �-= L pan e l c ou l d  be a c a n d i da t e  f o r  t h e  fu b  . .: r e  i n  d i g i ta l  

i m a g • · d i s p l a y . 

Tht·  d i g i ta l l y a dd r e s s e d C R T a pp e a r s  on t he s u r fa c t o  be a n  

· · x t l ' l l c n t L· a n d id a t t • fo r futu r e  d i s pl a y s y s t e m s .  T h e  on l y  d v i c e  t h a t  t h e 

w r i t t · r i s  a w a r t ·  of i s  th e " Di g i s pl a y " o r i g i n a l l y i n  d e  c l o p m e n t  by o r th r o p  

C o r po ra t i on a n d  J a t  · r  s o l d  t o  T e xa s I n s t r u me n t s .  T h e c u r r  nt s ta t u s u f  

t h t ·  de v i c e i s  u n k n own , h ow e v  r ,  t h l '  de v i c e  w a s pl a g u ' d b y  s 

p r o ble m s . The c on c e pt i s  h i gh l y a t t ra c t i v e . 

S I 
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A summa ry of the s e l f - i l l umina ting de vi c e s  i s  shown in Ta ble 

X V I I I  as a b s t racted f r om the Proc eedings  of the IE E E ,  J uly 1 9 7 3 . 

The l ig ht valve de v i c e s a re not a s  well  devel oped a s  the s e l f ­

i l luminated s y s tems , in the ove r a l l  s e n s e .  T h e  dev ice s a 1·e s umma r i zed 

in Ta ble X I V . N o  othe r c omment othe r than that  on the Table w il l  be made . 

Beam A d d r e s s e d  

1 .  E l e c t ron - B e a m  A dd re s se d  C R T  

2. La s e r  Beam / Opti c a l  M odulation 

Mat r i x  Add r e s s e d  

I .  D i g i s pl a y  (No rth r op - Sold 
to Te xa s In s t r ument s )  

l .  P l a s ma Pane l ,  Se lf Sc anning 
( Bu r roughs Co rp. ) 

3 .  A C  Pla s ma Panel  
(Owe n s  - I l linoi s ) 

4 .  E l ect rolumine s c e nt Pa n e l  

5 .  LE D 

Table X V III  

N ot Di gital ly  A d d r e s s e d  

Hig h  Pow e r  ( 1 W / M
2

) 

Di gita lly Add re s s e d  C RT 
Se ve re  D r ive P roble m s  
( 1 0 0 V ov e r  3 00 - 4 0 0  pfd ) 

Color  Ava i l a b l e ,  Limited to  
2 50 Line s ,  Low Pea k  B r i ghtn e s s  

N o  G r a y  Sc a l e ,  E xpen s ive ( ? )R ed 
Dis play , inh e r e nt m em o r y  

Va r i ous Col o r ,  G r a y  Sca l e , 
N o  Me m o r y , R 1 s k y  Dev l opm nt 

B r ight , Colo r s  A va i l a bl e ,  
F l a t  Pane l ,  E xpen s ive 

Summa ry of E xotic D i s pl a y  T e c hnique s 

(Self  I lluminatin g )  

Ref .  P r o c .  I EE E ,  July 1 9 7 3  
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I. T itu s Tube ( K D P  C rysta l )  
( Phi l ips ) 

2 .  Cathodoch r omic Da rk  T ra c e  Tube 

3 .  Oil F ilm Diff ract ive  

4 .  La s e r  A d d re s s e d ,  N one r a s e  

'i ,  Ph ot ocon ductor  A pp r oa c h  
( Ha nd Ga p Sh ift , Reflectan c e  
Cha n ge ) .  

Light Valve s, Mat r i x  Add re s s ed 

I .  E l e c t r o c h rom i c  ( th in f i lm s )  

2 .  Colloidal Dipole Sus pe n s ion 

3. E l e c t ropho r e t i c  Suspe n s ion 

Ta ble X I  

V e r y E x pe r imental 

Slow Scan , H i gh R e s olut i on 

Ha s Pe r f o r me d  Real  Tim T V ,  
R e l i a bi l ity a P r oblem , Bulky . 

U s e s  F i lm Type S y st m ,  N ot 
E ra s a blc 

High R solut ion , M ma r y ,  
U n ifo r m ,  Slow,  Bulky 

M e mory , Good Cont r a s t  
U n if o rm R e l i a b il i t y  P r obl m s , 
Limited Te m p. Range 

Summa ry of E x otic  D i s play D v ic s 

( L ight Valve s )  

( R e f .  P ro c .  iE E E ,  J uly 1 9 7 3 )  

I n  s u mma r y ,  the r e  appea r s  to  be no  imme dia te n e w  te c hnol o y 

on the ho r i zon wh ich w i l l  replac e the CRT a s  the p r ima ry i11te r a c t i v  d i g ital  

ima ge di s play.  How ev e r ,  the d e v elopments  in LE D and E L p(\nel  t e c hnology 

should be c a refully monito r e d  as both a ppea r to offe r s om v e r y  long t rm 

pot ntia l .  
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C u n cl u s i on !i  a n d Rec ommenda t i on s  

Re sults  o f  the su rvey o n  d i g it a l  ima g e  d i s pl a y  s y s t e m s  w e r e  

not pa rtic ul a r ly s u r p r i s in g  i n  that m o s t  o f  the n e w  de v e l opnlent s s e e n  

we re  p r e d i cted by many w h o  hav e  followed the dev e l opinp, f i e l d .  The n e w  

d ements  obs e r v e d  i n  tht· c our s e  o f  the s u rv e y  inc lude the <..?plication of 

s ol i d  state memo ry fo r r e f r e s h  of the monit o r  in  a lmost  all manufactu re r s  

o f  di s play s ys te m s , a n d  the a ppea r a n c e  of a new " 1 0 0 0 "  l i�te monit o r  f rom 

two supplie r s .  T he s o l i d  state memory i s  bein g u s e d  b y  Comtal ,  Inte r n a t i onal 

Ima g i n g  Sy ste m s , and Ramtek in t he new mon i to r s / d i s pl a y  s y s t em s .  In 

f a c t , no d i s pla y s y stems a r e  c u r rently man ufa ctu red which  u s e  d i s c  r e f r e s h 

fo r the monito r  s y s te m .  

De s pite the a ppl i c a tion of s ol i d state r e f r e s h  memory in most  

of the c u r rent  s y s t em s ,  the re  s t i l l  e x i s t s  p r oble m s  in th e  r e f r e s h  s y stem. 

T h e  ( ' O s t  i!l  st i l l  n i gh for  the RA M  and s h if t  r e g i s te r  t e c hnol ogy being  used.  

The ul timate r e f re sh s ys te m  wil l  most  l ik e ly be found in CCD te c hnology . 

T he c u r rent te c hn ique s a re too s l ow f o r  the potential  a ppl i c a t i on t o  " l a r g e "  

d i lS play mon ito r s  ( that i s  m on i t o r s  o f  t h e  f\!tu re  w h i c h  may r e qu i r e  up to 

2 0 0 0  x 2 0 0 0  e l ement s ) .  T he c ost  fa cto r s  a re s im pl y  that the r e f r e s h  sy stem 

s t i ll dominat e s  the c os t  of the ent i re d i s pla y s y s tem . It i s  believed that 

the c o st  fa c t o r  wil l of <: ou r s e  dec rea s e  with t im e ,  probaiJly w ith the 

t! V t�ntual u s e  of C C O  technology,  

I n  the a rea of m onito r t e c hn ol ogy t h �· r s t i l l  e x i !l t s  nume r ous 

p r o i>J t ·m s .  All c u r re nt mon it o r lS  u s l' d  in th d i s play of  d i !:(ital  ima g e s a r  

1 de n t i c a l  t o  thos e u s e d  f o r  b r oa d c a s t  t e J t> v i s wn .  In  fa ct a l l  the mon it o r s  

m a n u fa c t u r e d  by Con r a c  a rc u s e d  p r ima r i ly a s  b r oadc a s t  s t a nda r d s  by t h e  

va r i ou s  st ud i o o r gan i za t i on s .  F o r  t h e  appl i c a t i on that the y  w e re de signe d ,  

the monit o r s  a re e x c e ll e n t .  H oweve r ,  the requ i rement s foJ  the d i g ita l 

i ma ge pr oce s s ing c ommun ity a rc r a d i c a l l y  d i ffe rent . A s  all example , the 

b r oadc a s t  monit o r s  a re de s igned with  a c u r ved f a c e plate to a llow off a x i s  

v i ewing ( t o  s uppo rt  multipl e  viewe r s ) . I n  the d i g ital  i ma ge p r e c e s s in g  

p r obl e m  the re i s  u s ua l l y  onl y  one v iewe r ,  the anal y s t .  T he c u r v e d  face ­

plat · do(� S i n t r oduc e  d i s t o rt i on s  w h i c h  a re de lete r i ous  to a c c u rate men su ra ­

t i on and a rc c ompl icated  to remove p r e - d i s pl a y .  The tube s ( C RT s )  a re 
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al s o  d e s igned to r e qui r e  the minimum de pth f o r  home u s e  by mean s of 
w i de defl e c ti on tube s .  The wide defl e ction ( of the o r de r of l : 0 ° ) c a u s e ::. 

an o th e r  cla s s of di s t o rt ion which inte rfe r e s  with th e int e r p r e tation of the 

ima ge being di s played.  

The a r ea s whe r e  impr ovement s appe a r  wa r ranted in the moni t o r  

te c hn o l o gy in c lude : 

Inc r ea s e d r e s olution ( up to 2 0 0 0  by 2 0 0 0  full color ) 

F lat fac eplate s 

S im plifie d  c onve r g e n c e  te chnique s 

Impr oved Lin e a r ity ( of the o r de r of 0 .  0 0 5 o/o )  
Spec ial tube s i z e s  and g e ometry 

In e a ch of the a r ea s ,  the te chnology i s  available to pe rmit ac hie vement of 

a s e t  of r e a s onable de s i gn obj e ctive s . It is unlikely that imp r ovements will 

o c cur , howeve r ,  without dir e c t  gove rnment funding .  The monitor manu­

fa cture r s  are unlik�ly to addr e s s  the p r o blems of digital ima g e  p r o c e s s in g  

c ommunity a s  the r e  i s  a ve ry s ma ll ma rke t involve d ( r e lative t o  the c om ­

me r c ial world ) . 

Lc.. ::: k of a s e t  of r e a s onabl e s p e c ific ations f o r  di s play sy stems 

i s  a maj o r  p r oblem in the dev i c e  te chnology. Many of the needs of the 

p r oc e s s in g  anc! di splay of digital ima g e s  a r e  not unde r s to o d  by the var ious 

manufactu r e r s ,  and as a. !' e s ult the dev ic e s  which a r e  be ing ma rke ted a r e  

the pr oduct o f  the vivid ima g ination o f  the e n g in e e r s  involv e d .  It would not 

be expe cted that all fa cilitie s would have the s ame r e qui r ement s , but the 

diffe renc e s  would not o bviate the application of a gene r al s et of guidelin e s .  

A t  a mininlum the va r ious o r gani zations c onc e rn e d  with the dis play of 

dig ital ima g e s s hould pre pa r e a s e t  of ope rati onal s c enarios a s  a guide to both 

manufa c tu r e r s  and us e r s ,  in e s s en c e ,  to inform the manufa c tu r e r  of the us e to 

which his devic e  w ill be subj e c t e d .  A r e quirements study should be unde r ­

taken for the individual u s e r .  

Of the display de vic e s  r eview e d  dur ing the tour , the L"lte rnational 

Imag in g  Gys te m s  C on s ole· 70 appea r e d  t o  b e  the c l o s e s t  mat ch 'uetween th e 
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a s s u m e d  r t· q u i  rt• m t · n t l:l  f o r the F; T L fa c i l i t y  a n d  the d<: v i c c  c a pa bi l it y . 

I t  i s  uncle r 1:1 t ood t h a t  t h e  rc i s  a polt- n t i a l  d i f f i c u l t y  in p r oc U I· e m  · n t s  w ith 

I 2 S  dut: t o  the f u n · i gn own r s h i p ci the c om pa n y .  T ht: C om t a l  8000 s e r i e s  

i s  v e ry h igh on the r e c ommended J i s t a n d  i n  m a n y  i n s ta n c e s a rc t o  be p r e -
2 

ff' r r e d  t o  the I S s y s t e m .  T he p r ima r y  rea s on fo r the p r e fe ren c e  i s  the 

inte r fa c e  que sti o n .  The Comtal de v i c e  ha s been int e rfac  d t o  many diffe rent  

compute r s y s t e m s  w h i l e  the r2s s y s t e m  h a s  n ot .  Rega r dle s s  of s y s te m  

p rocu r ed , i t  i s  rec ommended that the new I 0 0 0  l in e  m on itor be i n c l ude d 

i n  t he p r  'lc u r e m e nt .  

N o  r e c omme ndation s on the s tand a l on e  de v i c e s  a re made h e r e in 

a s  they a r e n ot r e q u i r e d f o r  the E T L  s y s t e m .  

• 



A P P E N D I X 

NA MES A N D  A DDRESSES OF ORGA NI ZA TIONS 

PA RT I C I PA TING IN T H E  SU R V E Y  OF 

SOFT C OPY D E V IC ES 

• 



T h i s  a ppen d i x  i s  a deta i led  l i s t in g  of o r ga n i zations  c ontacted 

a n d  r e v iewed du ring  the  su r v e y  of  s oft c o py d i s play d e v ic e s .  Add r e s s e s  

and ph one numbe r s  a l ong with  p r i n c i pa l  c ontac t s  a re a l s o  given  a s  a n  a i d  

t o  th o s e  r e a de r s  s e e king  m o r e  detailed informat i on .  

1 .  A e r on ut ron ic F o r d  C o r po r at i on 
W e s te r n  D e v e l o pment La bs 
3 9 3 9 F a bian W ay 
Pal o  A l t o ,  CA 9 4 3 0 4  
Phone : 4 1 5 /  4 9 4 - 7 4 0 0  
P r i n c i pal  Conta c t :  R,  W o r kman 

2 .  C omtal  C o r po ration 
1 6 9 Hal st e a d  
Pa s ade na , C A  9 1 1 0 7 
Phone : 2 1 3 / 5 8 8 - 3 2 5 6 
P r inc i pa l  C ont a ct :  M r .  J ohn Tah1 

3.  Con r a c  C o r po ration 
C on r a c  D iv i s  ion 
6 0 0  N .  R i m s dale  A v e .  
Cov ina , C A  9 1 7 2 2  
Phon e :  2 1 3 / 9 6 6 - 3 5 1 1  
P r inc ipa l  C onta c t :  M r .  W m ,  E m s  

4 .  E S L  Inc o rpo rated 
4 9 5  Java D r i v e  
Sunnyva l e ,  CA 9 4 0 8 6  
Phone : 4 0 8 /  7 3 4 - 2 2 4 4  
P r in c ipa l  Conta c t :  M r .  Jame s B u r ke 

5 ,  H ughe s A i r c raft C ompany 
Cul v e r City, CA . 9 0 2 3 0  
Phon e :  2 1 3 / 3 9 1 - 0 7 1 1  
P rinc i pa l  C onta c t :  M r .  Louis Se e be r g e r 

6 ,  lnte rnational  Ima ging Systems 
D i v i s ion of Stanfo r d  R e s ea r c h  La bo ratory 
5 1 0 Logan A v e , 
Mountain Vie w ,  CA 9 4 0 4 3  
Phon e :  4 1 5 /  96 9 - 2 7 0 0  
P r i n c ipa l C onta c t :  M r .  M ic h a e l  Bat ta g l ia 

7 .  R a mte k Co rpo ration 
2 9 2  Comme r c ia l  St .  
Sunnyv al e ,  CA 9 4 0 8 6  
Phone : 4 0 8 / 7 3 5 - 84 0 0  
P r i n c ipa l  Conta c t :  Mr.  Cha r l e s  N o r by 
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H .  S i t ·  r r <.1 Sc i e n t if i c  C c . r po r a t i on 
l l  H'J Lt · gh . .  r n  St r t : t · l  
M ountain  V i t · w , CA ' J 4 0 4 '1 
P h on • · :  4 1 "> / ' j (, ') - c) 3 l 'i  
P r i n i pa l  C o nt a c t : M r· .  Da v id Gi l hl o m 

9 .  Spat ia l Data Sy s t e m s  
5 0 8  Sout h F a i r v i ew A v e nue 
Goleta , CA 9 3 0 1 7  
Phone : 8 0 5 /  9 6 7 - 2 3 8 3 
P r i n c i pa l  C onta c t :  D .  Rutland 

I 0 .  D i c omed C o r po ra ti on 
9 7 00 N wton A v e .  South 
Minneapol i s , MN 5 5 4 3 1 
Phone : 6 1 2 / 8 8 8 - 1 ') 0 0  
P r i n c i pa l  Conta c t :  M r . W ayne Hoc h s tedle r 

I I . Gene raJ  E le c t r i c Compa n y  
G round Sy s t e m s  Depa rtment 
S pa c e  Div i s  i on 
P.  0 .  B ox 2. S O O  
Daytona Bea c h ,  FL 3 2 0 1 5 
Phone : 9 04 / 2 5 8 - 2 6 3 5  
P r i nc i pa l  Conta c t :  R .  W .  T owl c ! s 

1 2 . Intf' r p r(• tat i on S y s tt�ms In c o r po r ated 
P .  0 .  B ox 1 0 0 7  
Law r e n c e ,  KS 6 6 04 4  
Phone : 9 1 3 / 8 4 2 - 5 6 7 8  
P r i n c ipal C onta c t :  Non e  

1 3 . P ri n c eton E le ct ron ic  P roduct s  
P .  0 .  B ox 1 0 1  
N o rth B run s wi c k , N J  0 8 9 0 2  
Phon e :  2 0 1 /  2 9 7 - 4 4 4 8  
P r i n c i pa l  Conta ct : N one 

1 4 . Litton , l n dus t r i t · s  
4 5 0 0  Ca mpu s D n v t : ,  Room J J (, 
N · wpo r t  B<·a ·h , CA 9 2 6 6 4  
Ph om· : 7 1 4 /  5 4 6 - 3 3 8  
P ri n c i pal C on t a c  : N on · 
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