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IN T U ODU CTI ON

Digital processing of images general ly terminate s with the disp lay
of the data to the human user .  The final  result  (display) can take any of
severa l  forms , including: f i lm image s of the processed data (he rea f t e r
termed hardcopy) :  alphanumeric display of data such as statistical propert ies
of the data both before and af ter  processin g or pattern recognition result s
or any of a host of word/num be r data sets a user  might seek; or finall y the
image data mig ht be presented in the form of a cathode ray tube (CRT)
device (hereaf te r termed “ soft copy ”). Disp lay of the dig ital image data
is the most c r i t i ca l  element in the image processin g system as it must
accommodate the visual  sy stem of the human user , and, as one might expect ,
the display must allow a wide va r i e ty  in user properties . The f lex ib i l i ty
of the disp lay s y s tem is ver y dif f icul t  to specif y due largel y to the lack of
knowledge exist ing in the area of the human visual  system (especially the
var iab i l i ty  between use r s ).  Obviousl y, the lack of know ledge is part icular ly
severe if a gray  scale image is the object to be specified. As a result of
the d i f f icu l ty  with the disp lay of image data , many organizat ions  within and
without  the government  have looked to the “inte ractive ” devices  as the ultimate
display. B y the t e rm interact ive  is meant that the user  may vary paramete rs
in “ real time ” to produce image s which allow the most e f f ic ien t  use of t ime
and the user ’s in terpretat ive capabilities . The real time , inte ract ive system
is ve ry  d i f f icu l t  to conf igu re  for  systems which do not rel y on the CRT devices .

The survey reported herein is directed toward  the CRT disp lay

systems in orde r to assess  the cu r r en t  state of in terac t ive  display systems .
Pe rhaps of equal importance is the des i re  to dete rmine the m a n u f a c t u r e r s ’
mot ivat ion in pa rameter  selection in the development process . For example ,

• why dldthe manufac tu re r  select a par t icu lar  monitor sys tem? Or wh y was

a certain t r a c k b a l l  (or joys t ick)  cursor  conf igura t ion  selected. Unfor tuna te l y
many of these k inds  of question s have no real answers  othe r than the design
e n g i ne e r  happened to like what he saw s Sin ce few , ix’ any, of these design
eng ineers  have experience as photo-inte rpreters , then the validity of some
of these pa rameter  selections might be questioned.
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The s ur v ey  of digital  image  d i sp lay  sy s te m s reported he re in went
Hti mI what furthe r than  have p r ev i ou s  su r v ey s  in tha t  m o n i t o r  sy st e m s  were
rev iewed  independent  of the total  sys tems . It was bel ieved ~y the tour  members
that  the moni tors  were  a ve ry  cr i t ica l  link which had been ignored in the
previous surveys .  It should be noted that the numbe r of moni tor  m a nu f a c t u r e r s
is ve ry  large and that it would have been a ve ry large task to su rvey  all .
However a representat ive sample was selected to s tar t  to dete rmine what
could be learned which would be of long term assistance . In par t i cu la r , th e r e
was a s t rong in teres t  in the fu tu re  developments which a re  in the pla n n i n g  s tage .

Anothe r  p r imary  element in the dig i La ! ima ge disp lay sys tem is
the r e f r e sh  technology used by a pa r t i cu l a r  system. The CRT sys tems  n o r m a l l y
requi re  that the disp layed data be r e -d i splayed at some periodic rate  suc 1~
that the data does not have an apparent f l icker , that is , the imag e should
appear stable and sta t ionary on the disp lay screen.  For the digital sy s t ems
the re -d isp lay or f l icker  is a par t icu lar  probiem since it r equ i res  v e r y  high
data rates . F rom commercial  television studies it has been noted that  the
data must be re-displayed at a rate of 30 times per second which in tu r n  implies
data rates of hundreds of megabits  per second . The r e f r e s h  techni que s have
accounted for  a large amount of the cost of digital image disp lay systems . The
cu r r en t  technology has used digital disc techni q ues for  the past t h r e e  or so y e a r s
but the advent of solid state technique s is near ing.  The promise is fo r
decreased cost and improved capabilit y. As a major element in this survey ,
the tour group paid special attention to the re f resh  techni que . It was
decided that a special survey was not war ran ted  at this time due to the l a rge
num be r of solid state memory systems available.

2
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S(J 1(V 1~Y TECHNI QU E

The softcopy display su rvey  techni que was a composi te of direc t
manufac tu re r  in-p lant visit and detailed review of manufac tu re r  documentat ion .
A l i ter a t u r e  search  preceded a l l  ac t iv i ty  to ascer ta in  which organizat ions
were  in the disp lay sys tem manufac tu r ing f ield . Each manufac tu re r  iden t i f i ed
was t hen contacted by telephone and asked if they were  wil l ing to par t ic i pate

in the survey.  If the organization did express an in teres t , then they were
requested to t ransmi t  any applicable descri ptive l i tera ture  • xpecif icat ions ,
theory  of operation , etc. ) to the wri te r for  a prelimina ry
review . Thi s last step was of particular importance since it allowed the
survey  group to eliminate any unnecessary  or inappropriate systems and
ultimately reduced the t ravel  required , and allowed an intelligent question
package to be prepared.

Following the prel iminary review , the remain in g manufac tu re r s
w e re  contac ted  again  for  a specif ic  appointment for  an in -plant review . The
added di mension  of an i n — p la nt rev iew was of p a r t i c u l a r  importance in the a r ea
of soft copy display in that  the end object ive is v iewing  of image data. It
was fe l t  that without actuall y viewing the disp lay de vice the survey would
have been weakened.

A survey team was selected to act ivel y participate on the tour of
site s and to review the app licable l i t e ra ture. The survey  team consis ted
of the foliDwing members:

Dr.  H. C. Andrews Consultant to The A~~rospace Corp.
Dr .  J. Boothe The Boeing Co.
Ms . M. M. I rvin  The Aerospace Corp.
Mr . C. L. Patterson The Aerospace Corp. (Tour Leader)

Dr . A n d r e w s  was a sked  to p ar t ic ipate on the basis of an extensive background
in dig ita l image process ing techni que s and systems . Dr.  J. Boothe was
selec ted Ofl the basis of an ex tens ive  back ground evaluation of p sycholog ica l
tes t i ng (> 1 ph o t o - i n t e r p r e t e r s  in f a c i l i t i e s  us ing  di gitally processed images .
Ms . M. I r v i n  was asked  to pa r t i c i pate on the basis of an extensive backgroun d
in the op erat ion s assoc iated with di gi tal  image disp lay (s he is cu r r en t l y the
operator  of the Ae rospace Digital Image Process ing  F a c i l i t y ) .

A f t e r  each organizat ion  was visi ted , an inform al d e b r i e f i n g  of the
tour members was conducted by the tour leader for  inclusion into this repor t .

3
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Resu l ts  of the t o u r  and document r ev iew indica ted  severa l  methods

of c lassi f y ing the devices reviewed.  The outline below indicate s the method

actua ll y chosen for  the c lass i f ica t ion of devices.

I. Monitor systems: defined to consist of the actual
viewing screen and associated drive electronics .

II. Display systems: defined to consist of the fol lowing
items required to support just the disp iay system
exclusive of computers , mass storage , software , etc:

a . Monitor device -

b. Ref re sh  Hardware
c . Track ball or joystick is included
d. Poin t process ing technique

Ill. Stand Alone System: defined to consist  of the following
components:

a. Display System (as in II.)
• b. Computer System

c. Mass Storage Device (tape unit and/or disc system)
d. Command Terminal

• e. Software System

IV. Peripheral Devices: defined to consist  of the added
devices which are not required for  processing or
display of images. The devices might include the following:

a. Projection Devices
b. Scanning and Digitizing Devices (whieh are to

• be surveyed in a separate report)
c. Special purpose hardware , such as FFT (fast

Fourier t r a n s f o r m )  components .

Peripheral devices as described in item four were  not the objective of the

survey and were covered as the various manufac tu re r s  desired.  (Each manu-

facturer was allowed to present any material desired to the group within a

four  hour tour of the appropriate facility. ) Tour members were instructed

to avoid “leading ” the manufac turer  by question s other than those requi red

to c la r i f y per formance  of the display devi ces . Ve ry  little comment will be

made regarding the peripheral  devices shown to the tour group.
Another  techni que for  c lassif icat ion of the display devices was

that  of beam vs. m a t r i x  address ing.  The address in g techni que s were  very
l imi ted  in that onl y beam addressed  systems were seen in the tour .  The
implica t ion  of d i rec t  matr ix  address ing  of the display is very  in t e r e s t i n g  and

4
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may well  be a viable  t echn i que f o r  the  f u t u r e . A more  detai led d i s cu s s i o n
w i l l  he pre .sen ted  in a l a t e r  sec t ion .

A key point to be made on the survey technique is that a large
nu mbe r of potential  supp l i e r s  of di gital image disp lay sys tems  were  not

cove red .  The reasons fo r  bypassing these potential supp l i e r s  is tha t  they
ei ther  did not respond to the inqui r ies  made dur ing  an ear l y period , or that
they w e r e  ve ry  remote and would r equ i re  a s ign i f i can t  investment  in both

cost and time to cover. Neither cost nor time were available in large quantity.

With  the caveat  in mind that the r e su l t s  were  l imited in quan t i ty ,  it is believed

tha t  the survey discussed he re in  is r e l a tive l y complete in t e r m s  of the  type s

of systems available , general performance characteristics , and technolog ies

ut i l i zed .

L



DLSPLAY SYSTEMS SPE CIFICAT I ONS

No specif ic  se t s  of soft  copy d i sp la y sy s t ems  spec i f ica t ions  were
a v a i l a b l e  to the su r v e y  group at the time of the s u r vey .  1-l oweve r , it seems
particularly appropriate to make some c omment r e g a r d in g  sys tem l’ v e l
spec i f ica t ions .

Development of system level specifications will require several
pr e - c u r s o r  steps pr ior  to the development of reasonable  speci f ica t ions. At
the first level , operational scenarios will be of great value. These scena rios
are , in e ssence , an answer  to the basic quest ion , “how is the disp lay to be
used? The question may seem trivial on the surface , but in rea l i ty , is
v e ry  d i f f i c ult .  A thoug htful  answe r will include a c a r e fu l  r ev iew of the
operational  needs of the user . Specific question s which arc implied include:

a . What  kind of imagery is to be processed?
1. What  is the r equ i r ed  resolution in sampl’~d f o r m

• ( i .  e~ , how many pixels are  required ? )
2 . What  is the dynamic range of the imagery to be p roces sed?
3. Is color a f a c t o r  in the or iginal  imagery ?

• 4 . What  kind of co l la tera l  data is to he used?

• b. What  operat ions a re  to be p e r f o r m e d  on the d’ sp lay equi pment~
1. Is the disp lay to be used in a product ion  e n v i r o n m en t ?

a . What  throughput t ime is needed?

b. What technica l  funct ions  a re  needed?
c. What qual i f icat ions  will  be available fo r  the op e r a t o r ?

2 . Is the display to be opera ted  in a r e se a r c h  and
development  e n v i r o n m e n t ?

c. What kind of general purpos e (or spe c ial purpose) compute r

is to be used?

I
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Up to this point the only concern which has been expressed by
the user is that “3000 by 3000 pixel” images are the least that will be

required , throughput time (defined here as the time to put an image from

some mass storage device to the display screen) of less than a second.

To the engineer these comments seem irresponsible , since the capability

sought lies outside of the current  capability of the community. Yet the

implied requirements have substance and they must be addressed.

Many of the systems which have been developed and employed

in various operating environments were not strictly specified by the end

use r. The systems were the product of the engineering judgement of the

developer. Interaction with the ultimate user or the photo-interpreter

was highly limited. As it was stated earlier , if it looked or seemed good
to the engineer or programmer, then the function in question was included.

If it seemed unreasonable then the function in question was ignored. In

many instances it would seem that alternate solutions should have been

sought. As an example , consider the problem associated with the resolu-
• tion of the device. Until very recently, the highest resolution color monitor

would not support more than 512 x 512 image points. The users , on the

other hand stoutly defended the r~~ed for a 3000 by 3000 data point display.

The psychologist would agree that the human visual system will not use

more than 500 x 500 displayed points due to resolution limits. It is assumed

that the user is particularly concerned with the search problem where the

image context is of great  value . One solution which seems to offer  promise

is the use of a degraded image as a search field with the high resolution

data stored in a rap idly accessible fo rm and a mechanism of extract ing

any 512 x 512 designed by the user. In this approach, the user would

search the low resolution image , and when (or i f)  something interests

him, then by the appropriate pointer and command , the system would

fetch a high resolution image for detail study. In this case , the display

• system and associated compute r would act as a microscope for the user.

Hence a minor modification of the operating scenario would result in both

a practical system from the engineering point of view and at the same time

provide the required capability to the photo- interpre ter .  It would seem

that many of the conflicts could be resolved by s imila r “trickery”.

7
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In summary, there are no usable specification currently

available to the manufacturers . If operating scenarios are available ,

then it might be appropriate to begin exploration with the various manu-

facturers  to determine what requirement/specifications can be developed

to allow a new class of digital image soft copy displays to be developed

which will meet the long term user requirements.
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S U R V E Y  RESULTS

I
Results of the survey performe d are  summarized in this section .

Details are omitted as they are deemed unnecessa ry  to show the charac-

• ter is t ics  of the devices . If detailed information is required , then specifica-
tion sheets can be made available . It was initially planned to attach these
detail data sheets as an appendix to this report , but the detail sheets seemed
to add very little to an understanding of the systems involved.

Organization of this section of the survey ret~or t is based on

report ing the monitor survey f i r s t , followed with the display systems ,
fo llowed by the standalone systems. Each device includea in the su rvey
is f u r t he r  sum m a r i z e d  in a cha rt fo r  rap id comparison.  It should be noted
that  these systems were  reported on a b r i e f ing  given in Washington , D. C.
on 19 F e b r u a r y  1976.

Monitor Syste m s

Monitors uti l ized on the various digital image display systems
are  the major  overs i ght of previous survey teams , The cur ren t  survey
has yet to pe r fo rm a comprehensive review of moni tor ing systems.
In preliminary conversations with several manufac tu re r s  of the display
systems there was an indication that the pr imary  monitor was manufactured
by the Conrac Corporation. The pr imary reason for  each of the manufac tu re r s
choice of Conrac moni tors  was the fact that Conrac is the standard te levis ion
broadcas t  studio monitor . It was claimed that the monitor was the highest
quality available. As a result Conrac became the pr imary review source.
Othe r manufac tu re r s  were considered , but limited funds and time precluded
detailed review. Most of the other f i r m s  involved were pr imari ly commercia l
and basically span the home television market .  Conrac did on the surface
appear to be the standa rd that most broadcast  organizations employed. In
addition to the Conrac system which was surveyed , two other manufac ture rs
of black and white monitors were reviewed. These included Hug hes Ai rc ra f t  Co.
and Sierra Scientific Corporation. In addition to the noted companies surveyed ,
we also considered a new Japanese monito r built by Chormussen Ltd. of Japan.
The monitor is , howe ver , not available in the United States .

The moni tors  surveyed are  believed to give a realist ic insi ght into

the cur ren t  s t a t e -o f - the -a r t  in monitor systems. Each of the monitor manu-

f a c t u rer s  surveyed will be discussed in the following paragraphs .

9
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Con ra e Corp .  M on i t o r s

Conrac Corpora t ion  m a n u f a c t u re s  a broa d range  of t e l ev i s ion

moni to r s  p r inc i pall y d i rec ted t oward the p ro fes s iona l  broadcast  s tudio .
Many of the m a n u f a c t u r e r s  of di gita l display systems ut i l ize the Conrac

• monitors . In p ar t i cu la r both Comtal and Internat ional  Imaging Sys tems ,

Division of Stanford Technology Corporation , use the Conr~&c RHN serie s

in t heir  respective disp lay systems. The p r imary  moni tor  system of

in te res t at the time of the tour was the color moni tors . Conra c manufac tures

two ve rsion s of the basic color monitor  which a re  heavil y used in the di g ital
• d is play field. These include the RHN series and the RHB se r ies . The RHN

systems a re  an RGB input type while the RHB systems are a s tandard  NTSC

• color input system. Only the RHN series will be discussed he re in .  In
ad dit ion Conrac manufac tu res  a ser ies  of othe r moni tors , bot h color and

black and white . The other color r e c e i v e r s  are  eithe r of a lower qual i ty

for  educational use or a re  of a hi gher  quali ty but u t i l iz ing  the PAL (B or M)

color input common to the European and South Amer ican  te levis ion sys tems.

Conrac ’ s address and telephone numbe r are given in the A ppendix

for  those who have a more deta iled in teres t  in the specif ics  of system

ope ration.
Some of the basic specif icat ions of the RHN monitor are given in

Table 1. The basic monitor is supplied in 19 inch , 2 2 inch , or 25 inch

monitor sizes . The basic tubes a re  of an RCA manufacture  and are  of the

shadow mask type . The shadow mask tube supplied a s a standard has a

4 basic t riad s paci ng of 0. 024 inches with a spot size of 0. 00~ inc hes. The

tube deflec tion angle is plus or minus 45 degrees  (that is , a 90 degree tube) .

The norma l tube is adjusted for  a 4 by 3 as pec t ratio but can easily be se t

fo r  a I by 1 ratio. Both Comtal and International Imaging systems do

adjust fo r  the square r a s t e r .
A tour of the Conrac faci l i ty was a very  in s t ruc t ive  expendi ture

of t ime , It was learned that Conrac does have the capability of manufactur-

ing their own tube s , although at this time , the only tube s manu fac tured

are  black and white . Little was learned , however , regarding the phosphors

which Conrac uses . It was claimed that the process  is p ropr ie ta ry .  On the othe r
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Minimum TV l ine resolution (at Zu f o o t - l a m be rt s )

485 at the cente r of the tube

-
~ 390 at the corner  of the tube

Linearity plus or minus 2% of the raster  hei ght

-
~~ Color Temperature 6500 °K (illuminate D)

The color tempe rature is adjustable
to suit the user .

Input Color System Red , Green , Blue (RGB)

• Tube Type Shadow mask (0. 024 inch t r iad  spacing)

Spot Size 0. 007 inch (0 . 003 to 0, 004 inch avai lable
on special o r d e r )

Video Bandwidth Flat to 10 MHz plus oi- minus 0. 5 db
on each of three channels.

4

Table I

Conrac RHN Color Monitor Specifications

t
- 

II
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hand it was learned that Conrac does have the capability to manufacture

all other  components of the i r  monitor  systems including the deflect ion coils .
• In genera l , the tour team was highly impressed with the quality control

demonstra ted by the C’~nrac  ope ration. It should be noted that the quality
- • is the p r imary  reason for  the relativel y high cost of the R I-IN monitor associated

with the commercial system (the price for the RHN direct ly f rom Conrac
ranges f rom approximately $3800 to $4200 depending upon monitor s ize) .

Several new developments were discovered during the tour of the
Conrac  fac i l i ty .  The f i r s t , and perhaps the most s ignif icant,  is the develop-
ment of a new “ 1000” line monitor based on the MGA tube (Mitsubishi). The
MGA tube uses a 0. 0 12 inch triad spacing as compared to the 0. 024 inch
t r iad  spacing of the RCA shadow mask tube . The development will perhaps
stimulate the development of a complete 1000 by 1000 digital display system.

• Even if the development of display is not for thcoming,  the new tube should
produce considerable improvement in the 512 by 512 disp lay systems now

• in use . It is understood that Corntal Corporation is in the process  of recon-
f i g u r i n g  (a re la t ive l y minor  task)  t he i r  5 12 b y 5 12 display systems to ut i l ize
the new higher  reso lu t ion  tube . It would be recommended that any new pro -
curernents  seriously conside r the hig h resolution color system.  Corirac
indicated that the approximate cost of the new monitor would be approximately
$6000 as compared to a cost of $4000 for the RHN monitor . With respect
to the new high resolution Conra c monitor , Conrac did make several  negative
points . Conra c claims that the color control  and white uniformity (be tween
tubes)  is relatively poor although no measurements were presented to sub-
stantiate the claim. The problems of white u niformity and color control
should prove troublesome unless several monitors are plarned for  a common
v iewing a r ea (tha t is on e photo-interpreter viewing both screens at the same
time),  Even in this case , it would be wise to perform measurements to
evaluate the e f fec t  of any mismatch.

The next major  new development observed at the Conrac facili ty
is a new convergence system in test.  The convergence of the olde r moni to rs
has been a part icularly trouble some problem. Even well trained technician s
find the convergence diff icult  (in fact  the wr i te r  has rarely seen a well con-
verged  system in operational environments) .  The new con iergence system
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will  al low a re la t ivel y un t ra ined  person to pe r fo rm the convergence
with  a minimum of d i f f icu l ty .  The past problem has been to pe r fo rm
t he convergence over  the ent i re  tube face . It is relatively easy to

I converge near  the center  of the tube , but almost impossible to keep or
drive the convergence into specification at the ed ge of the field . The
new convergence system will allow the operator to adjust  the convergence
for  each of 9 sepa rate regions of the tube face independently. A detailed
explanation of the procedure will not be given here , but j i- should be noted
tha t the new system will be well worth serious considerat ion in fu tu re
display system procurements .

4
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Hughes A i r c r a f t  Company

• Hughes Aircraft Company (HAC) has for the past three or so years

been involved in the development of a “high resolution ” display monitor.

• Funding for the e f fo r t  has been both from federa l  sources a~~d HAC IR & D
funds . The basic objectives have been to produce a display monitor which
will  disp lay up to 2048 by 2048 picture elements with up to 8 bits of g ray  scale .

No documentation was made available to the tour group. (It
should be noted that only M. Irvin and C. Patterson were present for  the
HAC demonstration as the instrument does involve some HAC proprietary
material . ) The basic monitor produced a “ green ” and black image which was
very  “cr isp” in appearance. The contrast  appeared very high. The demon-
stration was not really complete as only a 932 by 2048 image was shown due
to re f resh  limitations.

The basic purpose of the tour at HAC was to examine some of the
purel y mil i tary  display technology, and to determine wha t research is
cu r r en t l y on-going.

A summary of the cha racteris t ics  of the monitor is shown in
Table I I .

Image Size: 2048 x 2048 pixels
(932 x 2048 pixels demonstr a ted)

Resolution : Modulation of 0.6 at 100 l ines/ inch
Display Size: 10 inch by 10 inch (4 . 7 inch used)
Phosphor Type : P43

Table II

Hughes A i r c r a f t  High Resolution
Monitor Character ist ics

As a general  conclusion , it see med that several  additional years of
development a re  re qui red  befor e  any reasonable system wi l l  be available .

For those who may be in t e re s t ed , the device is being developed by
Hughes A i r c r a f t  Company

Full rton , Cal i fornia
The person responsible  fo r  the development is Mr .  Peter Baron at the above
organizat ion.

14
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Sierra Scientific Corp.

The f ina l  m o n i t o r  m a n u f a c t u r e r r ev i ew ed  was  S ier r a  Sc ien t i f i c .
The p r i m a r y  act iv i ty  at S ier ra  is development of moni tors  and cameras
(vid icons)  fo r  use in the biomedical community. No particula r system was
demonst ra ted  dur ing  the v i s i t .

The principal monitor d iscussed during th e tour ~.va s the Sierra
Scientif ic mode HD 1501 which was claimed to have the cha rac te r i s t i c s:
shown in Table III.

Tube Size: 15 inch diagonal
Spot Size 0. 008 inch (0. 004 inch available

at extra cost)
Video Bandwidth 30 MH~
Resolution: 1500 Television line pai r s  at the tube center

1300 Television line pairs  v ’orst  case
Phosphor : P4 ( 1 1 , 000 °K color tempera ture)
Cost : $2500 (add $ 1000 for  the 0. 004 inch spot)

Table III

Sierra  Scient i f ic  Corpora t ion  Model H D I 5 O I  Disp lay

It should be noted that the device d iscussed  is s tr ic t l y an ana log
instrument .  The additional digital ha rdware  to make the sy5tem compatible
with image sources of interest  in this report  are  not cons idered .

In discussions with Mr. Gilbiom the questior.  was raised as

to the feasibil i ty of a very  high resolution CRT(of the order of 2000 by

2000 resolution elements).  The response was very in te res ting in that it

was taken seriously. Gilbiom stated that he fe lt such a tube could be con - -

•
st ructed now. However , the solution would lie in the pene t ra t ion  beam tech-

nology. He also noted that he had heard of the Mitsubishi tube but that  they

were  nea r the current  limit of the shadow mask technology. As to the beam

penetration tube , Gilblom indicated that he believed that one of the Dumont

subsidiar ies  was involved in such a development. (In later r eviews , it was

deter mined that the tube was available now f rom Dumont and is m a n u f a c t u r e d

by Thompson CSF in F rance ) .
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Di splay Sys ti ’i -n~
Display sys tems which wer e  def ined  under  the section t i t l e d

Survey  Techni que were surveyed by both document review and in-p lant
tour where  it was felt  the physical viewing of the equi pment would be of
value. As in the case of the monitor review , it is believed that the su rvey
is not complete , but it is also believed that the systems reported here in
are representative of the cur ren t  state -of - the -a r t  in disp lay technology.

Survey techni que s were  much the same as that  used in the
moni tor  systems in that the survey bega n with sys tems which were  f ami l i a r
to the tou r team member s . In pa r t icu lar , consi derable  in te res t  has been
shown in the Comtal systems as many of thei r  i n s t rumen t s  are  c u r r e nt l y
in use by a wide v a r i e t y  of f ac il i t i es . Howeve r , Comtal has int roduced
a ser ie s of “new ” sys tems and improvements on the older devices , hence
a r e -su rvey  of Comtal was clearl y warranted , In addition to the Comtal
dev ices , there  a re  a number of simila r systems which have been in use
fo r  severa l years  including the IPA DS (Image P rocess ing  and Disp lay System~
bui l t by Aeronutronic  Ford , a se r ies of display systems built by D icom ed
Corporation , and the CRT display devices  bui lt by Ramtek v~hich have been
implemented into the ERIM fac i l i ty .  In addition to the more  well known
devices , t h e r e -  a r e  a host of devices  which are m a n u f a c t u r e d  by l e s ser
known or gan iza t ion s which would wa r ran t  a close rev iew . tt is in this  l a t t t - r
a rea tha t  the su r v ey  is most obviou sl y de f i c i en t . It is almost impossible
f o r  a l l  of the-s e o ther  o rganiza t ion s to be included in that they a re  not know n
to the w r i t e r . Yet , it is these smaller  organiza t ions  which are  the most
li kel y to produce innovative solutions to the softcopy display problems which
a re  fac ing the image process ing  community. As an example , one of the
smalle r companie s , Inte rnational Imaging Systems (a subsidiary of Stanford
Technology Corpora t ion) ,  has developed an extremel y f lexible and powe rful
pro essing  system which should be of grea t  in terest  to any organization
involved in di gital processing of image data.

Each of the systems surveyed will be descr ibed  in the fol lowing
- paragraph s . Detail “fac t  sheets ” will not be included as a part of this report ,

hut ~t the reade r is in teres ted , the m a n u f a c tu r e r  a d d r e s s e s  are  included in
A ppendix A f o r  r e f er ence .
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A vr on utronj c  Ford

Aeronu t ron ic  Ford is a broadl y based e lec t ron ics  and defense
company which has had a long s tanding inte res t  in di g i tal image p rocess ing .
Among the accomp lishments  of the Aeronut ron ic  Ford activity in digital

image p rocess ing ,  is the development of the IPADS device . In many respects
the IPADS device contains elements of fu tu re  systems . A ’~ an exa mple , IPA DS
is the f i r s t  display system to uti l ize a solid state memory to r e f r e s h  the
monitor . The system is also the f i r s t  to claim a display capabilit y of 1024
by 1024 image size in color . With respect to this latte r point , i t should be
noted tha t the system produces onl y 3 bits amplitude in each color plane .
Regardless , the problems of wide system bandwidth still had to be addressed .
(It should be noted that the bandwidth of the system descr ibed is of the
order  of 100 megahertz-  -not a t r ivia l  problem).

A brief review of cri t ical  disp lay system parameters  is shown
in Table IV .

Disp lay Techni que Sequential  Color
Image Size 1024 by 1024 p ixels

Amp litude 3 hi ts  per color
R e f r e s h  Rate 180 Fields per Second
Ref re sh  Techni que Solid State
System Interface to Honeywell DDP 516 •

Table IV 
-

IPADS General Character is t ics

The IPA DS system as demonstrated to the write r and the tour
group was in terfaced to a Honeywell DDP 516 Compute r which is a 16 bit
parallel  machine and include 12K words of memory, a magnetic tape input
system and a 48 M bit disk storage system. At the time of the plant tour ,
Aeronutronic  Ford was in the process of in ter fac ing the IPADS to a Digital
Equipment Corporation (DEC) PDP 11/45 system. Specific details of th e

i n t e r f a c e  and machine character is t ics were  not made available to the tour
group.
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The. ba s ic  d i sp lay t e e o h n  i qu t -  u H e ( I  by Ae ro nLet ron i(  F ord ~s that

of se quent ial  color . A sing le’ “ whi te ’ phos phor  CRT p rovide s the input
light source.  A tn -color f i l t e r  wheel is located in f ron t  of the CRT to
provide the color desired.  Each of the three f rame s , one fo r  red , one f o r
g ree n , a nd one fo r  blue are  w r i t t e n  in t ime sequence with the color wheel
bei ng indexed between success ive  f r a m e s . The r esu l t an t  image is pro j e  ~~~~
optical ly ,  to a view ing screen for  the eventual  operator u sc . The sequen t ia l
color  is uni que among the sys tems covered  in this su rvey .

IPADS has a number of inte res t ing  feat u r e s  in addition to the
l a rge  image capabi l i ty  and solid state re~ resh. Spec i f ica lly ,  the sys t em
employed a “touch point e n t r y ” tec hni que to implement a numbe r of process-
in g operat ions . The “touch point en t ry ” con sists of an a r r ay  of photodiodes
and Lig ht Emit t ing Diode s (LED) around the periphe ry  of the viewin g s c reen .
The ope rator  could break the beam between the LED and the ph ot odiode

causi ng a di g ital word to be genera ted  for  use in the computer . Aeronu t ron i c
Ford  used the techni que to se lect pseudo color  ass ignments , local area
de f in i tion for  equa l iza t ion , and a host of operations n e c e s s a ry  in image
p r o c e ss i n g  problems . The specific a lgor i thms act ivated by the touch point

en t r y  system will not he reviewed here  as they may not be appl icab le  to
long t er m goals in the ETL f a c i l i t y  but the techn ique may be of sm -ic’ i n t e r , ’s t

as a genera l ized  input to the disp lay computer.
R e f r e s h  memory  based on solid state t echnology  is p a r t i c u l a r ly

impor tan t  in the acquis i t ion of new systems in the fu tu re .  Rel iabi l i ty  and

speed of response are  the pr imary forcing elements . The m emory used in
IPADS is not based on the newe r technology involved in RAM (random access
memory)  or CCD (charge coupled device)  systems . The memory,  deve loped

by Aero nut r onic Ford , is drawn from the shif t  reg iste r tec hnology and is

relative ly expensive. Othe r disp lay systems opera t ing  a disk systems for
monitor r e f resh  suffe r pr imari ly f rom response time due l a rge l y to disc

latency ef fec ts .  The r e f r e s h  memory in IPADS is not necessar i ly that whic h
would  be reco mmended in this e f f o r t , but does provide a h i s to r i a l  back ground
for  f u t u r e  developments in solid state r e f r e s h  technology.

18
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Problems noticed in the IPADS demonstrations are most generall y
associated with the disp lay tech nique . In g enera l  th e disp la y s u f f e r s  f r o m
a low br ig htness output. The actual output was not photometrically measured ,
but appeared dim to the tour group. The cont ras t  seemed re la t ive ly
low compared to the usua l CRT systems.  In addition to the dim, low con-
t r a s t  image problems in the tube appeared ve ry  grainy.  Aeronut ron ic  Ford
personnel  were asked if they had made any studies of th e n ted problems.
It was stated that the c u r r e n t  tube was the problem and tha t they bel ieved tha t
a ne w tube woul d fix the problems es pecia l ly the gra iny  appearance .  (In
previous visits to the IPADS facility, the write r had observed the low contrast ,
low bri ghtness problems where the othe r tube types were  being used , and i t

is not obvious that all of the problems a re  “curab le ” by a s imple tube change .
The major problem with the low cont ras t , low bri ghtness seems to be more
determined by the color wheel e ffects  and the basic lirnitatic ’n of li g ht  ‘iu t put
f rom the CRT. The losses in the filter would make a defir~ite contribution
to the low bri ghtness effect.

Fur ther  details on the system performance  can be obtained d i rec t l y
f rom Ae ronutronic Ford.

System costs for the IPADS were not made available to the tour
group.

The next Aeronut ron ic  Ford System reviewed was the “3 Pack
System ”. The basic device is a projection system capable (‘f p rov id ing
full color image on a large screen . The system consists of three independent
CRT devices with separate lens and filte r systerrns . The red , green , and
blue images are supp lied to the respective C R T / f i l t e r/ l e ns  systems, and are

4 eventually projected on a la rge  screen.  Resolution of the system was not
quoted , but appeared to be of the o rd e r  of commercial  television.

An outstanding feature  of the system was a clever digital image
regis t ra t ion  system which would allow the three images to he reg i s t e red  by
a re lativel y untra ined operator.  The reg is t ra t ion system would a l low the
operator  to de fo rm or warp  the image to remove some amount of image dis-
tortion as well as registe r the individual color planes. The technique was
claimed to be p ropr ie ta ry  and was not described but seemed to be a smooth
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f u n c t i o n a l  f i t  suc h as mi g ht be ach ieved  with s p l in e s  u r n  o d e -r a t e l y hi gh

o r d e r  pol ynomia l s  ( such  as t h i r d  or f o u r t h  o r d er ) .  The dem ons t r~i ion

cons i s t ed  of w r i t i n g  a g r id  p a t t e r n  in each of the th ree  co lors  and w a rp ing
the ind iv idua l  co lo r  l ines to reg i s t r a t i o n. A capabi l i ty  for  work ing  over

l i m i t e d  reg ions of the line space was also d e m on s t r a t e d . The technique  may

have app lication in other types of disp lays as well and is wor th  a fo l low up v i s i t

fo r  addi t io nal de tai ls .
The b r ig htness of the disp la y was re l a t ive l y low and was of conce rn

to Ae ronu t ron i c  Ford. A sys tem , cal led “6 Pack” , us ing  (, C R T/ l e n s / f il t e r  con ,

n a t i o n s  was in c o n s t r u c t i o n . The s y s t e m  was  not  d e m u n s t r ~~t cd , but it was  c l ai m - - .

that  the added CRT devices would p roduce  a s u f f i c i e n t l y b r i g h t image .

-
‘ Ei the r  3 or 6 Pack sy s t e m s  mig ht  h a v e  ~tpp l i c a t i on  f o r  c e r t ~ in

tactical mission s and would be worth further review for any such app li-

cat ion which might  a r i s e .

A th i rd  sys tem type was b r i e f l y d i s c u s s e d  by A e r o n u t r o n i c  Ford .

The sys tem , calle d the Mar ine  3-D sys tem , was develo ped f o r  the purpose
of a t ra in i ng s imulator  fo r  shi p pilo t s. The system produces  a p ro jec ted

image which is 240° by 13°, and in full color . The system was not demon-

s t r a t ed to the tour ing  group.  No app l ica t ion  is f o r e s e e n , a t  this t ime,  fo r

such a system.
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Conital Corporat ion

Comtal Corporat ion is a small co rpora t ion  which has ag g r e s s i v e l y
pursued  the digital  image disp lay f ie ld  for  the past four  or f i v e  y e a r s . The

cor porat ion began initiall y with the gener ic  fol low ons to a s t i l l  older

- - 
sys tem , the Aerojet  “Spec t rav is ion ” (w hich is no longer  bein g m a n u f a c t u r e d ) .
The sys tems which a re  manufac tured  a re  based on a re la t ivel y s t ra i g ht-
f o r w a r d  approach of : a Conrac monitor  (the REI N f o r  the coior s y s t e m) ,  a
disc  r e f r e s h  sys tem , a funct ion memory  package  f o r  point  ope ra t i ons  on
the images , and a se r i e s  of ge n e ra l l y useful  op erat ion s . The dev ice  is
genera l l y re garded as the c u r r e n t  s tandard in the f ie ld  and is r ega rded  as

a ver y f lexible sys tem for  re lat ivel y moderate costs .
Three  systems are  of in te res t  in this su rvey  of the s e v e r a l

cu r r en tl y manufac tured  ( the term several  is used here  in that  it is re lat ivel y
di f f i cu l t  to d is t inguish  between option s and sys tems) .  Two of these sys tems
are  c learl y dis play systems in the context of the def ini t ions  made under
t he section titled “ Survey  Techni que ” , these include the model 8000 Color
Image Display sys tem , and the Model 1024 Display sys tem. Each of the
sys tems wil l  be d iscussed  in the following p a r a g r a phs . The th i rd  sys t em ,
t he Ser ies  9, is a s t anda lone  device and will  be d i s cus sed  in  the s ec t ion
Sys tems  presen ted  in a la ter  section of this repor t .

A summary  of cha rac t er i s t i c s  of the Comtal model 8000 se r ies
is shown in Table V .

L I  Func t ional ly the Comtal model 8000 is a r ela t ively  s t ra i g ht -

fo rward  system. Image data is writ ten onto the Data Disc allowing up to 8

• hits per image poi nt per color plane. Image data f r o m  the Data Disc is
presented to the funct ion  memory f o r  an y point operations . The funct ion
memory  system is nothing more tha n a random access  memory  which is
loaded f rom the host computer system with any des i red  1-ernapping the

user  des i res . The funct ion  memory remaps the image ~mpli tude  f r o m  t h e

8 bi ts  input to the 6 bits output (8 bits as an option ) wi th  any pi e ce wi se

l i n t - a r  g r a y  sca le the use r  d e s i r e s . The pseudo color memory  p e r f o r m s
in much  the same manne r but a s s ig n i n g  color to the spec i f ied  g r ay  leve ls
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Monitor Conrac RHN Color monitor

Image Size 512 by 512 pixels

Dynamic Range 6 or 8 hits (option)

Colo r True  ( th ree )  and pseudo

Frame Rate 60 Fields per second

Refresh System Data Disc with up to four image capability

Special Characteristics:

Track Ball with programmable cursor

Four function memories ( one fo r  each color plane plus

one for  pseudo coior

Scroll capability

Graphics package available as an option

In ter faces  to a relatively large number of computers
3

Table- V

General  Comta l Model 8000 Charac te r i s t i cs
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r a t h e r than  a “new ” gra y scale . F rom the f u n c t i o n  o n-m o ry  the  image

data s t ream is given over  to the digi ta l  to analog c o n v e r te r s  f o r  c o n v e r

sion  to the RGB ( r e d , g reen , blue ) analog data r equ i red  f o r  the moni tor .

Since the t ime  of the su rvey ,  severa l  s igni f icar.t  c h a n ges  have

been made in the Comtal  model 8000 sys tem.  The f i r s t  of these  is the

change  in r e f r e s h  memory .  Comtal is now o f f e r i n g  the Model 8000 wi th

a solid state r e f r e s h  memory  technology. It was stated by Comtal

that the pr ice  of r e f r e s h  memory  had dec reased  to the point tha t solid

statt -  was compe t i t ive  with disc sys tems. It was stated tha t  p r i ce  would

probab l y drop wi th  the t h r e e  image sys tem u s i n g  this t echnology .  The

w r i t e r  has been led to bel ieve that  disc p r ices  wil l  a l so  drop by a s ignif i-

cant  amount  in the nea r f u t u r e ;  h o w e v e r , it is ra the r earl ’j  to a s s e s s

- . cost c h a n g e s .

The nex t  change which is in work  at  Comtal is the chang ing of

the  Conrac  moni tor .  As stated in an ea r l i e r  section on the moni tor  s u r v ey ,

Corirac is now bu i ld ing  a monitor  using the Mi tsubish i  “ 1000”  line tube ( C R T ) .

Comtal  is planning to util ize the Mitsubishi  tube based rrion:tor in the bas ic

• model 8000 sys tem (as  an option). That is , using the 100’) l ine tube in a

512 l i ne  r e f r e s h  device. The change will resul t  in a d r a m a t i c  i n c r e a s e

in the quality of the display as this will allow the number  of t r i a d s  to be

doubled fo r  each pixel in the moni tor .  The change is well wor thwhi le

s i n ce  the c u r r e n t  sy s tem is not s t r i c t ly capable of d e l i v e r i n g  a t r u e  512 b y

5 12  d isp lay. The improved  tube should a l low a h i g he r  mu~~u lation t r a n s fe r

f u n c t i o n  f o r  the disp lay  and produce much sharp e r i m a ge s . The other side

e f f e c t s  such as lack of color  u n i f o r m i t y  be tween m o n i t o r s  and the whi te  uni-

t or m it y  loss will  have to he a s s e s s e d  in an opera t iona l  env i ronmen t.

The next  change w o r t hy of note  which has been imp lemented

with  the Comtal sy s tems  is the “ burn t  in ” demons t r a t ion  package. Comtal

is producing a PROM (programmable read onl y memory)  for  use with their

display systems which has the Comtal demonstration software for system

cont ro l  and operation . The PROM will allow the user to switch from a true

so f tware  control  to the PROM code in the event of sof twar’  system fa i l u r e

or f o r  any routine operations by the s imple act of c los ing  a swi tc h. The
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I i i nct  h u e s  i iu le id t -d  in the l~l(OM de V ic( wi l l  not  be d i s c u s s  -‘i but may well

be w o r t h  lu r t h e r i n ve s t i gat ion f or  any  potent ia l  f u t u ce  p r o c u r e m e n t .

In g e n e r a l  the model 8000 Comtal color  d i sp lay is a v e r y  f l e x i b l e

s y st t -m  at a r e l a t i ve l y modera te  cost .  The sy s t em has been e x t e n s i v el y

used  w i t h i n  the  image  p r o c e s s i n g  community and as such seems to be the

:~tat1 (la rd ag a i n s t  which other  sy s tems  a re  to be compared .  R e l i a b i l i ty

b.c l~~-t- n r e a s o n a bl y good based on c omments  r ece ived  f r o m  the a r i o u s

rg .i i i i  i .it ion s  u s i n g  the  d e v i c e .  M o s t  ol the corn pla in t s  a g a_ o s t  t h e  Con it a  I

~~~y - ~~ t t - h h i  h av e  bee-n a s soc ia t e d  w i t h  t I n -  r n o n i t o t - . in pa r t i (  i i l i r , t h -  r ’ - s u i u —

I c c i i i  i s  n e i l  5 1 2  b y l ’  p i x e l s  u s i n g  the  l ( I I N  m on i to r .  In a l l  l i t i r i i e - s s ,

d c - t a  i i  1( 1  r e s o l u t i o n  i i i e - a  So r e r t i e  at s lea ~ e not  been retade ( in a Ia rge  ~ I a ss

ul sy s tem s ;  i t  ha s  been n ot ed  t h a t  a l i n e  p a t t e r n  or g r i d  wi th  one p ixe l

) i l  .t r id Of li  - pixel  ( i l l  ‘a n  not l~e~ re s ul V - ( l on most  of the  dev ices . D o u b l i n g
- t h e  l i n e -  o r  g r i d  ~~~~~~ sh , h o w e -y e  r , is gene  ral l y r eso lved.  In this  sense ,

the -  r e - s o l u t i o n  p r o b a b l y l ie s  a round 25( by 256 .  The- new h igh  r e solu t i on
- r u c e n i t o r  w i l l  p robabl y r e s u l t  in a s i g n i f i c a n t  i n c r e a s e  in the ap p a r e n t

r e  s o l u t i o n  of the -  s y s t e m .

Sy st t - r n  cost  is s u b j e c t  to a b road  c l a s s  of a v a i l a b l e  op t ions .

I lo~~c~~ e r , it  is e s t i m a t e d  tha t  the  c o s t s  w i l l  l i e  b e t w e en $50 , 000 and

$‘I ( 1 , 00 1) lu  r most  c c  nfl ruon i  y re (1Ui re (1 e q u i p me n t .

‘ l h -  ne xt Con it a l  s y s t e m of interest in t h i s  s u r vey  is th e -  m ode l

l u .~4 . h i t -  b . t s i e  sy s t e r i e  design i s  -‘ hi gh r e s o l e e t u ’u n  black and white disp lay

lu be , a d i s e  ( s o l i d  s t a t e -  n i e n e o i -y  is p r ob a b l y av a i l a b l e )  r e f r e sh sy s t em , a

t i t l e  I i ’  in i i  c e - t n t )  r y  1( 1 r point  opt . r a t i o n s , t r a c k  ba i l  w i t h  a sc- icc ta I ) le -  cu r so r ,

an d  a g r ap h i c  - i p a h i l i t y .

A s u m m a ry  of the cha r a c ter i s t i c s  of the Comtal  Model 1024

i s  shown  in  Ta hI t  VI .

l~a s i c e l l y t h e -  Model  1024 is similar to the color  dev ices  m a n u —

I. e  t e l  r e -c l  by Comta l , using essentiaily the same - te’chnology. The onl y

d i l l e -  r e - n e - c  is  t h a t  t h -  sy st ~.rn is designed for a black and w h i t e -  d i s p l a y .  The

r u i o n i t u r  i s  the-  Con ra t  QQA . The tube  was manufactured by Con rae. Th-

a r i l l ) J  i t  t id e (t yfl~i mit r a n g e -  is  I rum 4 to 8 bi ts  (u p t i u n a l l .  Pr  i ’ -e r a n g e  on

t h e -  M i , d e - J  1 024 is  b e t w e e n  $50 , 000 en d  $85 , 000 .
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E)icomed Corpora t ion

Dicomed Corpora t ion  has been in the digital image p rocess ing
e quipment field f o r  a numbe r of y e a r s  and manufac tu res  a broad spectrum of
s y s tem s  rang ing  f rom disp lay devices to scanning and ha rd  copy play-

back sys tems .  Two disp lay devices  f r o m Dicomed Corporation are  included
in th i s  s u r v ey .  Both devices a r e  bas ed on the same kind oi moni to r  tech-

n o l o g y ,  the d a r k  w r i t i n g  e l ec ti -och romic  tube . The dev ices  a r e  uni que
in this survey in that  n e i t h e r  r eq u i r e  r e f r e s h  (the m o n i t o r s  a r e  a s t o r ag e

tube-  ty p e) .  P r o p e r t i e s  of each a r e  b r i e f l y d i s cus sed  in tae fo l lowing para-
g t-a phs .

The Dicomed Corporation Model D-3 1 Image Display charac-

t e r i s t i c s  a r e  summar ized  ire Table VII .

Moni tor  Type : Green and Black Storage Tube
( d a r k  wr i t ing  e lec t rochromic)

Screen Size: 8 inches diamete r

Image Size: 1024 by 1024 Pixels

Point Intensity: 6 bits

Con t ra s t Rat io: 3 :1

W r i t e  Time : 40 to 100 seconds (ful l  s c r e e n )
Reg i s t r a t i on : p lus or minus  0. 12mm (0 . 005 i n c h e s )

Gamma c o r r e c t i o n  capabi l i t y

Random point plot ca pabilit y
Pin cush distortion : 1. 42 mm (0. 056 i n c h e s )  maximum

Table VII

Dicomed Corporation Model D-3 1  Image Display System

C h a r a c t e r i s t i c s

The sys tem desc r ibed  in Table VII was not seen by the tour ing  g r o u p ,
h o w e v e - r , mos t  (i f the  t ou r  g r o u p  was f a m i l i a r  with the  mode l D-36  d e s cr ih e -d

in  t h -  f o l l o w i n g  p a r a g r a phs and  the  two a r e  v e ry  s imi la r as w i l l  be’ shown
b y e uiiipa r i son  of the  c h a r a c t e r i s t i c s  tab le- s. Cos ts ot the sy s t e m  ar e  no t

k n o w n  hut  is somewhat.  less than that  of the model D - 3( .
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The othe r Dicomed Corporation display system is the Model D-36

Image Display.  Cha r a c t e r i s t i c s  of the D-36 a r e  shown in Table VIII.

Monitor  T ype : Green and Black S torage  Tube
• ( d a r k  wr i t i ng  e le c tr o ch r o m i c )

Screen  Size: 10 inches  d iameter

Point In tens i ty :  6 bits

Contras t  Ratio: 3: 1

W r i t e  Time: 120 seconds m a x i m u m  (ful l  s c r e e n )

Image Size: 2048 by 2048 Pixels

Reg is t ra t ion : plus or minus  0. 2 1 mm

Gamm a cur rection capability

Random point plot capabi l i ty
Bounds plo t t ing capa bility
Quadrant  addressabi l i t y

- - 
Pin cushion distort ion: 1.78 mm maximum

Table VIII

Dicomed Corporation Model D-36 Image Display System

Cha racteristics

The- s i m i l a r i t y  of the models D-3 1  and D-36 a r e  easi l y seen by compar ing

Tables  VII and VIII .

In a strict sense , t he Dicomed systems descr ibed  ire the proceed-

ing tab les  do not logically f i t  in the s u r v ey  of this  r epor t  in that ne i ther
dev i ce  is in te rac t ive  in the usuall y accepted def ini t ion . However , the

s to rage  systems a r e  of some in te res t  in that they do not requi re  the expensive

r e f r e s h  system usually associated with the t ru l y in terac t ive  systems . In

addition , a major  plus f o r  the systems noted above is the relatively la rge

image’ display capa bility ,  up to a 2048 by 2048 pixel image . The sys tems

have been used by many (includ ~ ig the w r i t e r )  as an editing tool. The

l a rge  image is wr i t t en  onto the sc reen  with an overlay grid . The i n t e r e s t i n g

section s of the image can then be cropped out and used in the r e f r e s h e d ,
i n t e r a c t i v e -  Sy s l em .
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Seve ral characteristics of the storage tube systems which are-

of concern to the user have prevented a more extensive use of the general
system type. The most obvious problem is the long time re qu i red  to
w r i t e -  a fu l l  s c r een  image.  In addi t ion , to the  long w r i t e  t ime , the Sc r e - e n

-
~~ must be t - r a s e d  before  any  new image is w r i t t e n . The e r a se  cycle adds to

the turn around time causing a further drift from a real t ime , i n t e r a c t i v e
— system. A problem which has caused some difficulty is the finite life of the

display tube. The screen has a life time of between 6000 and 10000 erasures

(the sc reen  is e r a sed  by hea t ing ) .  The replacement  costs  of the s c r een  are
b et w e - e n  $6000 and $8000 (not i n c l u d i ng  t r a v e l  f o r  the ser v i ’- p e r s o n n e l) .
He-nc e the u s e r  costs per cycle is of the orde r of $1. 00 , which  may not
he insignificant in certain near  production act iv it ies .

Perhaps the single largest complaint noted on the Dicomed D-36

systems is the screen properties. The contrast ratio of 3:1 is not completely

sa t i s f a c t ory to many us ers . The low cont ras t  couple d with the sc reen
c o l o r  (shade s of “green ”) have caused many to complain of p r e m a t u r e

fa t igue. It does not appear that the s t o r ag e  tu be sys t ems  should be c on-

s i der e d  fu r  deta i led image in t e - rpr et a t i on , but rathe r for editing and cu text

revie-w .

Costs four the Dicome’d systems is relativel y hi gh in both instru-
ment procurement and interfacing. The D-36 costs on the orde r of $35, 000

and the D - 3 1  u s somewhat lower.  The i n t e r f a c e s  a re  also expensive.  In
a recen t p rocurement  of an i n t e r f a c e  with a PDP 1 1/ 0 5 , the i n t e r f ace  came
to approximatel y $8000. It should be noted that the device h~ s been inter-

faced with a large number of computer systems.

The in t e re s ted  reade r should contact  Dicomed direct l y for  any
further detailed information .
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international Imaging Systems

One of the new entries into the digital image display systems

is  the Internat ional  Imaging Sys tems Division of Stanford Technology

Corporation. Since the International imaging Syst em s (12S) iS a relativel y

recent entry in to the field of image display, it might be expected that the

systems which they are developing represent the most recent advances in

the manufactured systems. In genera l , this  expectat ion appears  t rue . The

systems available include two stand alone systems (which will be discussed

in the appropriate section of this report) and a display consale w h i c h  is

deee cr ib e - d in the fo l lowing  p a r a g r a phs .
The d i sp lay  sys tem , which  is t e rmed the Model ‘0 Us e- r Console

by 1
2S is in essence the disp la y por t ion  of the stand alone sys tems desc r ibed

in following sections of this report. A summary of the characteristics of

the display system is given in Table IX.

Monitor: Cc’nrac RHN color monitor

Image Size: 512 by 512

Point Intensity: 8 bits per pixel pe r color plane

Function Memory: l3oth input and output for all three

color planes , no special pseudo co lo r

func t ion  m e m o ry

Refresh Technique: All solid state (Random Access Memory)

a l lowing  up to 13 512 by 512 by 8 bit
images to be held in r e f r e s h  memory

Special Functions: A hardware processor is included prior

to memory which wi l l  Permit  a la rge

class of multi-pixel operations.

Trackball and cursor provided

Table LX

Character is t ics  of the International Imaging Systems
Model 70 U s e r  Console

29 
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The Mod -l 70 Console summa rized in t h e  f o r e - g o i n g  t h a i t i s

one- of the most inte resting systems sec-n on the- disp lay systems tour.
The system was designed , pr imar i l y fo r  the I ranian  government for use
with LANDSAT data. Apparentl y ,  the development costs v~ere paid for by
the Iranian government .

Image data from the associa ted computer  sys tem is read into
the model 70 Console after passing through an input function memory to

p e r f o r m  any p re l iminary  remapp ing on the image g r a y  scale the user
might want (it is not clear to the writer that the  inpu t  f u n c t i c n  me m o r y
performs any usefu l  func t i on  un less  the use r  would l i k e  to p e r f o r m  a D
log E correction prior to any subsequent operation). After the input
func t ion  c o r r e c t i on , the image data is made ava i l ab le  to a special  p ro c e s s o r
( 12S referred to the special processor as an array processor , but it does not ,

strictly speaking, perform as the array p r o c e s s o r  commonl y is under-
stood). Operations from the spe c ial processor  which have been p rogrammed
inc lude the following class of operat ions:

Hadamard Transform

Karhunen-Lo~ ve Transforms on the spectral channels

A fast classifier

Arithmetic operations (element by element rr~ulti ply ,
divide , add, and s u b t r a c t i o n  of the v ar i o u s
images with or without weights)

Histogram collection

The- system routes the processed data to available memory. The memory

sys tem which is used as the r e f r e s h  sys tem , wil l  a l low up to t h i r t e e n  i m ag e s

to be retained in refresh memory. The special processor has access to

the r e f r e s h  memory for operations as desired . The ref reih memory feeds
another set of function memories prior to digital to analog conversion and

subsequen t display on the Conrac  moni tor.
The abbreviated functional descri ption covered in the preceding

pa r a g r a ph is somewhat of an over- s impl i f i ca t ion  of the system , bu t was
I nc lude-d to give the reader a brief understanding of the’ processing cap-
a b i l i t i e s  avai lable in the 12S Model 70 U s e r  Console . The i rt c r e st e d

I r i - , t ( l e -  r shu~~ld contact the manufacturer for additional details (see A ppendix

A for a d d r e ss  and phone number i n f o r m a ti o n ) .

30
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In addition to the sys tem descr ibed  above , the I’S o r g a n i z at ion
is in the process  of invest igat ion of the 1000 line monitor manufac tured
by Chormussen Ltd. (Japanese Corporation). Details of the monitor are

not available at this time . I2S obtained the monitor and the limited amount
of data they had directly from the Japanese manufacturer . It was noted

that the CRT is the same Mitsubishi tube that Conrac is using fo r  thei r  new

monitor.

interfaces for the 12S Model 70 con sole are not ai broad as
could be desired. The system was designed to primarily function with

2the Hewlett  Packard  model 3000 computer. However I S has s u c c e s s f u l ly

interfaced the model 70 Console with a Digital Equi pment Corporation
PDP 1 1/4 5  system for NASA. Details of the system are not available at

this time .

As a general conclusion , most of the tour  g r o up  bel ieved that

the Model 70 Console is the most powerful  display system on the marke t
today. It was noted that the sy ste m is pr obabl y the system that most
organization s will require  within the next few years . All display manu-
f a c t u r e r s  will  most likely utilize the basic technology demonstrated by
the I2S system.

The only negative points which might be made is that of relative ‘1
complexity. Some of the operations performed by the Model 70 will most

likely not be desi r ed by the operational pho to in te rpre te r  (example , it
would seem unlikely that most photointerpreters would know what a

KarI-iunen L e ~v e- transform of spectral channels would do and would not he

ex pected to make e f f ec t i ve  ut i l izat ion of the capabi l i ty ) .  As stated ea r l i e r ,
the- system is much like the othe r devices in the Display category, desi gn ed

by eng ineers for engineers.

3!
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Ramtek Corporation

Ramtek Corporation is p r imar i ly  a g r a p h ics  dis piay m a n u f a c t u r e r

which is also interested in the “gray ” scale image dis play. At least  one

Ramtek image disp lay system is in use by the image p r o c e s s i n g  community

(ERIM). The principa l feature of the Rarntek disp lay sys tem is the solid

state refresh memory using shift registe r technology.
A summary of the Ramtek system display is shown in Table X .

Raintek actually manufactures a serie s of display units . The systems

shown here are those which are capa ble of supoort ing the g r a y  scale image

sys tems  only. The sys tems are  termed G X - l 0 0 / Z 0 0  se r ies  by Ramtek.

Monitor: Conrac RHN

(a black and whi te  sys tem is also a v a i l a b l e )

Image Size: Up to a 512 by 512

(Conf igured  to suit  the u se r  needs )

Point Intensity: Up to 8 bits per pixel
Refresh Memory: Any amount desired

Random Vector Generations Capability

Graphics Overlay available

Trackbal l / j oy  stick and cursor
Spl it Screen capability
Sc rolling capability

Light Pen capability available

Table X

Ramtek GX-100/200 Series

Image Display System Capability

The Ramtek GXIOO/200 systems are not as well defined as

are the othe r systems seen on the tour. The system requires a more

detailed specification from the user before a system is truly c o n f i g u r e d .

The organization appears to have the capability to develop any d e s i r e d

con f i g u r a t i o n , bu t has not done all of the studies r equ i r ed  to aid the

customer. As an example , the funct ion  memory which  ~s s tandard  in

32
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must  of the- display systems seen was not specifie d in the- Ramtek dc-vices .
The- problems probably stem from the l ack  of e xp e r i e n c e  en the handling
of gray scale images. The system can be easily configured to be a

duplicate of the Corntal 8000 series with the exception of the refresh

memory. With respect to the refresh memory, Ramtek has been a steady
hold out for shift register technology. They arc- now , h o w e v e r , s e r i o u s ly
cons ider ing  the use of CCD and RAM technology in the r e f r e s h  system.

The Ramtek system could he an i m p r e s s i v e  device.  However , a
w ork ing  g ray scal e system was not a v a i l a b l e  f o r  r e v i e w . F o r  those  con -
side ’ r i n g  a Ramtek display system , i t  would be r e c o m m e n d e d  that  conve r-
sations be held with the Envi ronmenta l  Resea rch  Inst i tu te  of Mich igan
(ERIM), as they are the only or ganization tha t the w r i t e r  is aware of wh ich
is using the Ramtek system.

Costing of the Ramtek is relat ively compl ex due lar gely to th e

lack of “ p reconf igured  sys tems” f o r  g r ay  scale disp lay. The system is
expe ns ive  compared to the other devices reviewed due mostiy to the shift
reg ister re-fresh memory. It should be noted that Ramtek quoted a price
of approximatel y 0. 78~ per bit for the memory. On the basis of duplicat-
ing  a Comtal l ike  sy s tem , the Ramtek would cost approximately $1 50, 000.

Other  de ta i l ed  i n f o r m at i o n  should be obta ined  d i r e ct l y f r o m
Ramtek  Corporation . The address  and phone is  g iven in A ppendix A .
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Stand Alone Systems

It was felt that the display systems would be incomplete without

a review of complete systems including a d isp lay device , compute r , mas s

s torage  system , terminal  and so f twa re . Many of t hese  sys tems  act  as

adjunct to the main  computat ion f ac i l i t i e s  located at the v a r i o u s  organi-

zation s involved in digital image processing. A very real possibi l i ty

f o r  the fu tu re  image process ing sys tems is in the a rea  of d i s t r ibu ted
computing systems where in  the computat ional  and data handling load is
d i s t r i b u t e d  between several  machines , each optimized to handle  a spec i f ic

set of fuc t ions . It seems to make little sense , fo r  exam pie , to u t i l i ze  a

l a r g e  scale com puter to per form some of the re la t ively t r ivia l  operat ion s

commonly encountered in digi tal  p r o c e s s i n g  of images (such as g ray  sca le

r emapp ing) .  In fact, in many ca ses , these trivial operations have a

dele te r iou s e f f e c t  on the primary computing system in the sense the

ope rat ions slow down the more complex jobs in the main f rame  sys tem.
In this sense , the complete systems may be of great long term value .

A second and per haps more  important  reason to review the stand

alone’ systems is to de termine  the technology on a broad base to de te rmine

what , if any , tools would be of value in the development  of the E T L  image

pr o)ce- s sing fac i lity. The tool search  prob lem was p r imar i l y d i r ec t ed
toward ha rdware- but a brief look at the s o f t w a r e  o f f e r i n g s  w a s  made in

the course of the review .

Corpora t i ons  reviewed in the c o u r s e  of the s tand  alone device

s u r v e y  inclu ded: Comtal Corporat ion (the Se r ie s  ~ sys t em) ;  E l e c t r o m a g n e t i c

Systems  Labora to ry  - ESL ( the  I n t e r a c t i v e  Digital  Image Mani pulation

System or IDIMS) ; General E lec t r i c  Space Divis ion (the Image 100); Inter-

nat iona l Ima ging Systems - 1
2
S (the Syst em 101 , and the Model 500 Digital

Image Process ing  Syste m);  In te rp re ta t ion  Sys tem , Inc. ( a variety of devices ):
and Spatial Data Systems (the Data Color 703 and 704) .  As  in the o t h e r

sur v ey  eleme ’nt s , many  o ther  o r g a n i z a t i o n s are  probabl y ~n the b u s i n e s s

of total image p roces s ing  sys tems , bu t t ime and money limi tation s prevent

F 
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a m o r e -  in v e , lv -d r e - v i e w . it is a lso  a r e a s o n a b l e  c er t a i n t y  tha t  many

not u r  re-otl y in the business of m a n u f a c t u r i n g  di g i t a l  image  p r o c e s s i n g

systems would be in t e r e s t ed  in p rov id ing  desi gn and manufac tu r ing  if

contractual arrangement could be made. These types of o’~ganization s

we re also omitted in the review.

I
~~
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Con-etal Corpora t ion

Comtal Corpora t ion  r ecent l y entered the tota l image p rocess ing
systems market with the system they  t e r m e d  the Ser ies  9. The sys tem
is apparentl y d i r e c ted  toward  the LANDSAT image p roces s ing  market .

The basic system parameters are summarized in Table Xl.

Dis play System: Comtal 8000 series

Computer System: Digital Equipment Cerporation
PDP 11 / 35 wi th  minimum of
24 K words  of core  memory

P e r i ph e r a l  E qui pment :
T e r m i n a l  Di gital E qui pment CRT t e rmina l

Tape Units (2 r e c o m m e n d e d )

Software System: Comtal prepared

Special Systems: A hardware classifier is included

Table XI

Comtal Series 9 Image Processing System

The display system is the same Comtal 8000 se r i e s  de sc r i bed  in the
e a r l i e r  sec tion and is available with the s tandard options . The computer
system is the standard DEC PDP 11/35 with 24K words of core  m e mo r y

as a standa rd (minimum).  The’ compute r is p rov ided  w i t h  the KE l I A

extended instruction set, the KE I IF  f l o a t i n g  i n s t r u c t i o n  s’ -t . All data
3

t r a n s f e - r s  to the d isp lay system are  implemented u s i n g  DMA to allow maxi-

mum spe-ed of data t r a n s f e r . The two tape uni ts  a re  recommended b y
Comtal for the LANDSA T image mani pulation problem.  The r e q u i re m e n t

for dual tape systems is not a limitation on the system ire that  the u s e r  may

def ine -  any pa r t i cu la r conf ig u r a t i o n  d e s i r e d .

The soft ware system(s) provided by Comtal is termed ‘ the Comtal

D emons t r a t i on  Software ” and al lows complete control  of the d i sp lay sys tem
(the model 8000).  it also include s such items as r ead ing  images  f r o m

magnetic tape , tape manipulation s (po s i t i on ing ,  e- t c . ) ,  cursor control , gray

scale- and pseudo color operation s, histogram computations , interacti~ e

36
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ont reil of fu n c t i o n  memories , image magnification , som e ele-menta ry
m a t r i x  opera t ions  on an image (small segments), such as , ~— lement by
d c - m e-nt add , sub t rac t , ra t io , and m u l t i ply. A s c - c  ond s o f t w a r e  sy s t e m
is p rov ided  to allow implementation of some e l e m e n t a ry  pa t t e rn  r ecogn i -
t ion  algorithms. The package is t e rmed the “Remote  Sensor In t e r ac t i ve
Training Routines” and will allow training and c l a s s i f i c a t i on  of up to
four classes . The actual c lass i f i ca t ion  is handled by a h a r d w a r e  c l a s s i f i e r.

• In genera l  the system cal led the Comtal Se r ier  9 seems to be
a reasonabl y s t r a i g h t f o r w a r d  system design which wi l l  handle a modera te ly
sophisticated problem set including both patte rn recogn i t ion  and image
e ’nhancernent . The cost is relativel y low compared to othe r systems with
which the Series 9 is competing. The cost  was g iven in the r a ng e  of
$125 , 000 to $150 . 000 .

l i
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ESL, Inc.

The- ESL, Inc . activitie s in di g ital image  p r o c e s sin g  h a r d w a r e

dc-v&-lopme-nt have ce-nt t -  red aroun d a sys tem called the ‘inte r a c t i v e  Di g ital
-
- lmage Mani pu la t ion  Sys tem ” (ID 1MS) . The sys tem is bu i l t  a round the

Hewle t t  Packard  L I P  3000 computer  sys tem and is a complete stand alone

sy s t em complete wi th  opera t ing  s o f t w a r e , d i s play sys tem, and a s s o c i a t e d

sy s t em p e r i phe rals .

1DIMS characteristics are shown in T~ible XII.

Display System: Comtal 8000 Serie s

Compute r Sys tem:  HP-3000 wi th  64 K v~ .rds memory
- 

— 
Per iph e r a l s :

Disc sys tem:  47 M w o r d

Te rmina l

Line Printe r
Sof t w a r e  System: Based on F o r t r a n , Basic , Cobol , and

HP Languages  w h i c h  wi l l  a l low the -  f o l l ow i n g

processing algorithms to be implemented

Display system cont ro l

Gray scale manipulations

• Fi l ter ing

Mensuration

Opt iona l Mic roProg rammab le  A r r a y  P roces so r

3
- - 

Table XII

ESL IDIMS System Characteristics

The ESL IDIMS sys tem is a relativel y powerful image processing

sys tem with s e ver a l  in te res t in g f e a t u r e s . Pe -rhaps the ’ most i n t e r e s t i n g  is

the  m u l t i - d i s play  system support  that is p r o v i d e d .  The computer  is capab le

of su pport ing severa l  Comtal d isp lay unit s f rom the HP3000 computer .  The

larg e numbe r of programming languages available allow the sy ste m to be

easily changed in the sof tware  sense to accommodate any new approache s
- to the ana ly s i s  or in te rp re ta t ion  problems. The usual or h i s t o r i c a l

38
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a pproache s a r e  u r r en t l y i ncluded in the sof tware  sys tem provided with
IDIMS . The sof tware  will allow operations in the Fourie r or Hadamard
t r a n s f o r m  plane in a reasonably ef f ic ien t  manne r . The sof tware  sys tem ,
which  is developed f rom the JPL (Jet Propulsion Laboratory)  image

• p rocess ing  system VICA R , is well established and documented.
No informat ion was obtained on the optional a r r a y  p rocessor ,

hence , any comments on the cha rac te r i s t i c s  would be pure speculation.
It is suggested that the interested reader contact ESL direct l y fo r  an y
re qui red  in fo rmat ion .

Lit t le  informat ion was provide d on the IDIMS Ly stem to the tour
grou p. Plans for  f u t u r e  improvements  or new developments  were  not

— d i scussed  by ESL personnel .

The only problems noted in the su rvey  were  that the system
seems rela tivel y expensive (close to $300 , 000) when compared to the
var ious  a l ternate  systems . It was noted in the demonstrat ion that the
system was rather  slow in response.
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General Electric (Spat-c Divi sion)

— 
General  E l e c t r i c  Space Div i s ion  deve-loped a v e r y  i n t e r e s t i n g

image p rocess ing  sys tem apparentl y d i r e c t e d  t o w a r d  the LANDSA T image

u s e r  marke t .  Many  of the n e -wer  sy s t e m s  seen w h i c h  w e - r e  f r o m  o the r  c o mp a n i e s
— ar e  in e s sence  scaled down v e r s i o n s  of the Image 100 s y s tem . The g e n e r a l

E l e c t r i c  Image 100 Mul t i spec t ra l  Image Ana l y s i s  Sy s t e m  ( Gen e r a l  E l e c t r i c ’ s

t e r m  fo r  the d e v i c e )  is a sys t em which w a s  desi gned to operate  on the m u l t i -

sp e c t r a l  n a t u r e  of objects  fo r  the u l t imate  purp ose-  of r eco~~9 i t ion , tha t  is

the- U S C  of color was planned as an in put to the sys t e - rn . One- of the  uni que

fea tu re s  of the image 100 system is that it is a compl e t e  s y s t e m  i n c l u d i n g

input  image s c a n n i n g  (none of the othe r sys tems set- n i nc luded  the a b i l i ty
— to scan an image) .

The Image 100 sys tem c o n s i s t s  of f o u r  b a s i c  m o d u l e s :  an i np u t

s c a n n e r  un i t ;  an image analyze - r u n i t ;  an image- m e m o r y  u r i c ;  and  a p r o c e s s

con t ro l l e - r ( compu te r  and a s s o c i a t e d  p e r i ph e r a l s . C h a r a c t e r e s t  d th e

Image- 100 a r e  summarized in Table XIII and X I V .

Op era t ion  of the Image 100 can he s t a r t ed  w i t h  e i t her  d i g i t a l  t tp-

or an input t r a nsp ar e n c y  (black and white , color , or co lo r  ~n f r a  r e d ) .  Tb~-

image is usually immediately disp layed on the color  CRT. In the  p a t t e r n

recogni t ion  mode , the operator  places the c u r s o r  on the a rea  of i n t e r e s t

(b y a joy s t i ck  c o n t r o l )  and the sys tem de te rmines  the s p e c t r a l  s i g n a t u r e

of the a rea .  Based on the s t a t i s t i c s, the mul t id imens iona l  dec i s ion

boundar ies  a r e  determined and the en t i r e  image is c l a ss i f i e d.  The u s e r

may repeat  the process  up to a total of nine t imes to c rea te  a themat ic

map of the image .

In addition to the rathe r e l e m e n t a r y  d e s c r iption of the patte rn

recogn i t ion  opera t ion  of the Image I 00 , the sys tem a lso  has the capabi l i ty

f o r  l imi ted  image enhancemen t , pseudo and f a l s e  co lor  a s s i gnment , and

and a s s o r t m e n t  of image i n t e r p r e t e r  a ids  bui l t  into the s o f t w a r e .  H ow e ve r ,

the-  Image  100 is p r i m a r i ly devoted to the p r o c es s  of patte -n rece~ n i t i u n
and as one would expect , most of the s o f t w a r e  is  d e d i c a t ed  l a r g e l y to t h o s e

class  of ope rat ions .

40
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Input Sc anner System:

V i d i c o n  Scanner

525 l ine , 2:1 i n t e r l a c e , 30 f r a m e/ s e c  m a g n i f i c a t i o n

up to 8:1 , only 5 12 lines used , analog to digital

conver s ion  to 8 b i t s/ p ixel , th ree  color fi l te r system

f o r  sequential  color scan.

Image Mem ory Unit

Disc Storage Sys tem

80 t r ack  disc , each t r a c k  with 167K bits

(will  hold up to f i v e  images) .

Image Anal y z e r  Uni t
- - Corre - l a to r  f o r  reg i s t r a t i o n  of images

P r e p r o ce s s o r  f o r  e r r o r  reduct ion , t r a n s f o r m s, computes

c o r r e l a t i o n  func tion , ra tios

Ana l y z er  Sy nthes ize r f o r  log ical operat ions  - h i s t o g r a m s, etc .

Color CRT f o r  display of 525 line images with c u r s o r

Table XIII

Characteristics of the General  E l e c t r i c  Image 100 Sys tem

(In put Scanner  Unit , Image Memory  Unit , and Analy z e r  U n i t )

Proc e~ss Con t ro l l e r

Computer System Digital Equipment Corp.

PDP 1 1/ 3 5  with 16K w o r d s  m e m o r y  (can  go to 32K w o r d s i

Per i phera l  E qui pme-nt i nc ludes :

Two Tape U n i t s

Gra phics Disp lay Te rmina l

Line Printer/Plotte- r

Disc Unit - 1. 2 M word

: Table XIV

P r o ce s s  Control  Un i t  f o r  Gene ra l  E l ec t r i c  Image 100

(Gene ra l  C h a r a c t e r i s t i c s )

41
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The so f twa re  ope rates unde r the control  of an executive system
where  the communications with the computer are  mnemonically oriented
(that is , u se r  o r ien ted) .  The sof tware  was p r imar i ly con f igu red  to i n t e r -

— face  wi th  a disc opera t ing  system , but it can be “easily ’ adapted to magne t ic

tape or core memory  sys tems.

Options to the Image 1000 a r e  v e r y  broad , r ang ing  f r o m  more

s o f t w a r e  (such as fac to r  analys is  programs, cluste r anal ys i s  p r o g r a m s,

e t c . )  to extensive  ha rdware  modif icat ions (hard copy output 3ystems, line

p r i nt e r s - h i g h  speed , e t c . ) .

Costs of the Image 100 system were  not available, but they

a r e  expected to be quite high (probably of the orde r of $500 , 000 ). The

system is, in the view of the w r i t e r , the “Cadillac” of the pa t tern  recogni-

t i o n / i m a g e  p rocess ing  systems.  For  the class of image p r o c es s i n g

ac t iv i t ies  to be pe r fo rmed  at the Eng inee r ing  Topograp hic l abora to r i e s

(based on pure speculation as to what those ope ra t ions  are  to be) ,  the

Image 1000 system does not appear to be the best match.

4
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I n t e r n a t i o n a l  Imaging Systems

internat ional  Imaging Sys tems  Divis ion  of Staniord Technology
Laboratory (1

2
S) has in addition to the display system descr ibed  e a r l i e r ,

a stand alone system product line . Specifically, two systems are

av a i l a b le. The two systems, designated  as System 101
and Model 500 Digital Image Process ing System , are  geneiicall y related

in that the basic design philosoph y is the same . The Model 500 Digital
Image- P roces s ing  Sys tem is actually a scaled down v e r s i o n  of the Sys tem

1 01. Both systems make use of the display system descr ibed in the sec t ion

of this report on Display Systems.

Each system will be described in some detail in the follow ing

p a r a g r a phs. The basic display technology of I S was described in the
earlier section and will not be repeated here except fo r  lim i tat ions which

may be app l icable  to the total system. It should be noted  that the Model

70 Display Sys tem was des igned to be opera ted  in the total system d e s c r i b e d

h e - r e - .

Sys t em 101 is the “ top  of the line ” sys t em f r o m  12S. The s y s t e m

c h a r a c t e r i s t i c s  are ’  s ummar i zed  in Table X V .

Disp lay System: 1~ S Model 70 U s e r  Console

Computer :  Hewlett  Packard 3000
-
~ Computer System Peripherals:

Disc 4. 9 M Byte

Tape Unit (2 recommended)

Terminal
So f twa re :  Based on HP Op era t ing  Sys tem

A ppl ica t ion Sof tware  based on VICAR or PE COS

approach  to image p r o c e s s i n g .

Table X V

In te rna t iona l  Imaging Sys tems  System 101 C h a r a c t e r i s t i c s
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As with  must  other major image process ing  sys tems , onl y the

base’ sys tem can be desc r ibed  here .  Acco rd ing  to I 2S (as  well as all

othe r m a n u f a c t u r e r s )  the f ina l  conf igura t ion  of any system can be tai lored

to “ any ” u s e r  r e q u i r e m e n t s .

The so f twa re  system is a multiple use r  type whi:h allows a

h i g h  leve l  language-  f o r  command input , allows for  both batch and inte r-

~ c t i v e  ope r a t i n g  mode s .al low s for  u s e r  def ined  macros  and command

l i s t s , p rovide s f o r  ca ta loguing  and ma in tenance  of u s e r  f i l e s  ( such  as ,

i r iedg t - s , p a r a m e t e r , and h i s t o r i c a l  f i l e s ) ,  and p er m i t s  a r c h i v a l  image

l t o r d g e  and r e t r i e v a l.  The s o f t w a r e  ( app l i ca t ions )  is w r i l t e n  in F o rt r a n  lV .

The s o f t w a r e  p rov ides  fo r  a menu prompting mode f o r  inexper ienced  u s e r s .

Sjn~~e- the-  s y s t em allows fo r  both batch and in terac t ive  p r o ce s sin g ,  soft-

w a r e  is p r o v i d e d  which  will  permit  u se r s  to program in COBOL , FORTRA N
I V , BASIC , or HP.

The applications so f tware  pe rmit the fol lowing classes of

e)p e r at i O f l s :

Ar i t hme t i c  operations (add , subtract , ra t io , divide , multipl y )

Dens i ty  mapp ings (p iecewise  l inea r , logs , exponential ,

h i s t o g r a m  r e d i s t r i b u t i o n)

Ge- omet r i c  manipulations (magnif y, reduce , r eg’st e r , w a rp ,

rota te , and scale)

Image r e s t o r a t i o n  (motion b lur  compensation , defocus

compensation , Wiene r f i l t e r i ng ,  MTF compensation ,

homomorphic f i l t e r i n g ,  and genera l i zed  convolut ion)

Mul t i spec t ral  c l a s s i f i ca t ion  (se lec t  t r a in in g sets , c l u s t e r i n g ,

superv i sed  c lass i f ier , paral le l  -piped c l a s s i f i e r ,

Ka rhurien -Loe~ve t r a n s f o r m a t i o n, Hadamard t r a n s f o r m a t i o n ).

It should be noted that many of the operations mentioned in the above list

can be accomp l ished  in ei the r the HP 3000 or the specia l  purpose a r r ay

p r o c e s s o r  in the U s e r  Console (Model 70).

Sys tem 101 is one of the best s tand alone sys tems  seen.  A

demons t r a t ion  was given f o r  the tour  g roup  and all a g r e e d  that the system

was  “ spec t acu la r ” . The onl y nega t ive  point r a i s ed  was  the response  t ime .

I S ind ica ted  tha t  the “ slow response  time in image load ing  e tc .  was  due
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to th e- mul ti-u se~r e-nvironme-nt , that is  the  t im e s h a re .  Sor -ic v e ry  m i n o r
software- f l . t w s  w e - r e -  noted , the  mos t  objec t ionab le  w a s  the  image  b r e a k up

d u r in g  a lu n c t i o n  rne -mory  load o p e r a t i o n ,

Syste-m 101 costs will , of c o u r s e , va ry  w i t h  u ser  de s i r e d  op t ions
but the- overall cost  fo r  a bas ic  s y s t e m  is in the rang e $335 , 000 to $54 5 , 000
de’pending on options.

The Model 500 Di g i ta l  Imag e P r o c es s i n g  system is ac tual ly a
se-ver e- l y sca led dow n Sys tem 101. The display conso le  is r educed  in
c a p a b i l i t y  as is  the ’ computer  sys tem.  The bas ic  c h a r a c t e r is t i c s of the-
Mode I 500 arc -  shown in Table  XVI .

Disp lay System: (a scaled down Model  70)

Monitor: Conrac RHN

R e f r e s h  Sy s t e m :  (so l id  s ta te- )

2 512 by 512 by 8 bi t image- s

1 512 by 512 by 2 bit graphics
H a r d w a re  Display P r o c e s s o r  ( l ike  the  Model 70)

Function Memories : (Input and Output)  for  t h r ee

color  p lanes

Graphics Overlay Generator

Computer System: HP 21 MX with 16K Cor e Memory

Computer Periph e r a l s :
Disc :  HP 7900 (5 Mb yte )

Paper Tape Reader —

Tape U n i t  (7 or  9 t r a c k )  one r e q u i r e d

CRT Terminal

Sof tware :  Des i gned around Hewlet t  Packarc  Disc based

Real Time Executive

Table  XVI

I n t e r n a t i o n a l  Imag ing Sys tems  Model 500

Digi tal  Image P r o c e s s i n g  Sys tem C h a r a c t e r i s t i cs
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The basic sys tem can be upgraded with as many  options as other

s y s tem s . It is possible  to inc rease  the r e f r e s h  sys tem up to the Model 70

cap ab i l i t i e s  (that is , up to 13 images in m e m o r y)  as well as add on the

othe r per iphe ra l  capabili t ies on the d isp lay system.

Sof twa re  capabilit ies a r e  built  around the HP Real time E x e cu t i v e

system. The general capabilities include:

Command Str ing In terpre ter

Image E n t r y  (ERTS , A v e r a g e , Line Scan)

Store Image

Misce l l aneous  hel p, l i s t ing  of d i r e c t o r i e s , etc . I

Display P r o c e s s i n g  inc lud ing :

Look up tables , addi t ion , s u b t r a c t i o n , mul t ip l i ca t ion , d i v i s i o n

Loading of f u n c t i o n  m e m o r ie s  wi th  co lor  t a b l e s

dens i t y remapping, contrast control , br i ghtness control.

Graphics  ( o v e r l a y s )

Mm —max

The model 500 system was not seen in opera t ion  by the tour

gr oup and little comment can be made. It does seem thi~t the system offers

some small advan tages  in that the u se r  can buy a complete s y s t e m  but it

would appear  that  the u s e r  would p r e f e r a little more  powe r in the op e ra t i on .

It would seem that some of the Digital Equipment Corpora t i on  m i n i - c o m p u te r s

would be an improvement .  This comment  is s t r i c t l y a p r e j u d i ce  of the  w r i t e r .

4 ( ,
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Spatial I)ata Sys t ems

The final stand alone system reviewed in t he  su r v ey  was  the

Spatial Data Sys tems  de’,ices (termed Data Color 703 and 704). The

Spatial Data Systems devices a r e  the least  exp ens ive  stand alone i n t e g r a t e d

dev ices .  Na tu ra l ly,  the capabüit ies  suffe r somewhat  by compar ison

wi th  the more  expens ive  sys tems previous  de sc r i bed .  However , if a

min imum cost system is des i red3 the devices  wil l  p e r f o r m  a s u rp r i s i n g ly

l a r g e  numbe r of the operation s of the more  ex tens ive  sy s tems .

A br ief  summary  of the c h a r a c t e r i s t i c s  of the Data Color 703

sys tem is shown in Table XVII

Display Moni tor :  Conrac  RHN

Image’ S i z e - :  512  by 480 pixels

Point  I n t e n s i t y :  32

Color  C a p a b i l i t y :  32 Colors

R e f r e s h  Sys tem:  \ ideo (f r em a vidicor camera  tube )

Computer :  D i g i t a l  E qui pment Co ip or a t i o n  PDP1I / 0 5

Computer Per i ph e r a l s :  R K O 5  Disc

Dig i t a l  E qui pment  Corp.  Casse t t e

M a g n e t i c  Tape U n i t

Other Components:  Joy Stick and c u r s o r

Video Grap h ics  Storage

(Modi f ied  PEP 400)

Sof tware  Capabilities: Magni f ica t ion

Gray Scale operations

Limited f i l t e r i n g

Laplacian

H i s t o g r a m s , l ine p ro f i l e s

Table XVII

Characteristics of the Spatial Data Systems Datacolor Devices
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Cha ra e  t e -  r i s t I e s ,,f the-  Data  C’,lo r s y s t t - i  n can  be ~ t be und e -  r stood

f r o m  a s i m p l i f ie d  sc e -n a r i o . The- i n i t i a l  image is s c a n n e d  by t }~~ v i d i c o n

c a mer a  system and fed to the storage tube and analog processing station

( w h i c h  is included in the ’ funct ional  c h a r a c t e r i s t i c s) .  Se lected images or

por t io ns thereof  may then be passed to the computer sys tem via an analog

to di g ital c o n v e r t e r .  The image may then be p roces sed  di g i ta l ly and re-

w r i t t e n  on the s to rage  tube fo r  display on the c o l o r  moni tor . The Data-

co lor  system is perhaps  more  a c c u r a t e ly a hy br id  s y s t e m  in that  both

analog and digital  t echni ques are  used.

A f t e r  p r o ces s i n g , the  image  data is no rma l ly g iven  over  to a

f i l m  re -corde r f o r  p e r m a n e n t  s torage ’ . (The f i l m  r ec o r d  is hi ghl y

re-commended by the m a n u f a c t u r e r) .

Spatial Data Sy s t ems  o f f e r s  a rathe-  r l a rg e  a r r ay  of ac~ c -s  so r~ s

or  option s wi th  the device . M a n y  of t hese  pe r i ph e r a l  s y s t e m s  would  be of

i n t e re - s t  such as the 3D display ,  the v i d e o  m i c r o m e t er , etc .

The Model 704 Datacolor  is e s sen t i a l ly the same as the model  703

d e s c r i b e d  in the p reced ing  p a r a g ra p hs less  some of the f e a t u r e s  ( example ,

the 704 g ives onl y 12 co lo r s  to the d i sp lay~.

As stated in the e a r l i e r  p a r a g rap hs , t h e  D a t a c o lor  sy s t em is

of interest from the’ standpoint of cost.  The sys tem p r i c e s  r a n ge -  f r o m

$15 , 000 to $50 , 000 f o r  the top of the l ine .

Performance of the Spatial Data Systems is , of ~our se , low

relative to the- o t h e r  d e v i ce s  r ev i ewed . The most ohj ec t i o r~al f e a t u r e  is

the  low n u m b e r  of c o l o r s  and g r a y  s c a l e -  available . It would be as s u m e d

that  the p r o b l e m s  could be c o r r e ct e d  if r eq u ir e d . Othe r  than  the r e d u c e d

c a p a b i l i t y ,  the Datacolor  s y s t e m s  would  appear  to be an ideal low cost

alte rnative ,

4~4
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Candidate Future Digital Image Displays

Dig i t a l  Image d isplays w h i c h  may come about  in the f u t u r e  a r e

s t r i c t l y a m a t t e r  of p e r s o n a l  spe c ulat ion . There  a r e , however , a number

of i n t e r c - s t i n g  d e v i c e s  w h i c h  a re  in v a r y ing s t ages  of study v~- h i c h  could

develop i n to  the display sys tems  of the f u t u r e . This sec~ ion of the -  su r v e y

i s dedicated to the review of devices which may perform th~ t a sk  in the

f u t u r e  of d i s p lay of dig i tal  images .

T h e r e -  a r e  s e v e r a l  t e chn i ques one might use f o r  a t t e m p t i n g  t r

f o r e c a s t  the f u t u r e  d i sp lay s y s t e m s. The part i -u l a r  eri e used  h e r e i n

is tha t  of the t e c hn i que of a d d r e s s i n g  the  d i s p l a y  screen.  It wai  n~)ted in

the sec t ion  on s u r v e y  t echn i que that  d i sp lay  s y s tem s  could b~ c a t e g o r i ze d

by the address technique , to wit , beam addressed vs . matrix addressed.

The beam a d d r e s s e d  sys tems a re  sp ec i f i ca l ly those a s s o c i a t e d  wi th  the

- 
- d e f l e c t e d  beam , in essence  the CRT in a ras te r scan mode . The other

techn ique , m a t r i x  a d d r e s s i n g  is e s s en t i a l ly a d i sc r e t e  random a c c e s s  of

points  in the displayed image space.  A few comments  and po tent i a l  s y s t e m s

a r e  b r i e f l y examined  in the fo l l owing .  B e f o r e  s t a r t i n g  on t h e s e  sk y - b l ue ’

s y s t e m s , it should be noted that most of the techn iques pr e s e n t e d  h e r e i n

are  d e r i v e d  f r o m  two basic sources :

1. Proceedings of the IEEE, July, 1973

2. A s s o r t e d  data and a r t i c l e s  f r o m  the Socie ty  of i n f o r m a t i o n
Disp lay

F The inte rested reade r is referred to ~he sc-  sou rces  f o r  f u r ~~icr  i nf o r m a t i o n .

In the beam a d d res se - d  sy s tem s , the CRT s y s t em  is the -  mos t

p o p u l a r .  The s y s t e m s  d e s c r i b e d  in this  r e p o r t  a r e  all  CRT wi th  r a s t e r !

beam a d d r e s s e d  t e c h n o l o g y .  Enoug h has  been said about the  CRT and no

f u r t h e r  commen t s  wi l l  be made o ther  than the  CRT sys tem will most  l ikel y

he the di g i tal  image  d i sp lay  sys tem of the  f u t u r e  much as it is t oday .

The next beam a d d r e s s e d  sys tem is the s c a n n i n g  lig ht beam over

a s c r e e n  e i t h e r  r e f l e c t i v e  or t r a n smn i s s i v c . E i t h e r  the beam or the ’ l i ght

path between the source  of i l lumina t ion  and the sc re -en  ma~ he modula te d .

(I n  the  modula ted  li ght path , an optical modu la to r  may be u sed  ~ n the  output

of the  l i ght s o u r ce) .  In e s s e n c e-  such  s y s t e m s  a r e  a v a i l a b l e  ( tha t  is p r a ct h  ~ l)

t o d ay .  The- A er o n u t r o n i c  F o r d  3 p eck  s y s t e m  is e s se - nt i a l l y su c h  a s y s tem

4 ?
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ev en  thoug h t h e  so u re  e - is a CR T .  The- s c r e - e - n  and  p r o j e c t i o n  s y s t e m  is

the  key element in identif ying the system as a beam a d d re s s e d  s c a n n in g

l i g h t  beam s y s tem .

C a n d i d a te - s  f o r  new b e a m / m a t r i x  a d d r es s - d  s y s t e m s  l ie  p r i m a r i l y

in the a r e a  of l a s e r  dc -v i c e s  and e l ec t ro - op t i c a l  m o d u l a t o r s . The n e-ed

f o r  l a ser s  is due to the u s u a l l y  h ig h power  !c -ve- l s  r e q u i r e d  to  a c h i e v e  mini-

mum b r i g h t n e s s . Typ ica l l y the s y s te m s  r e q u i r e -  ut the -  o r d e r  of I w a t t/ s q u ar e

m e t e r  to a c h ieve  adequate  br i gh tness  due to l o s s e s  in the ~crec -n  and the

m o d u l a t o r . The t echnology  e x i s t s  to c r c - a t e  such a d i s p lay s y s t e m  today

comp lete w i t h  color . The t echno logy  is j u s t  that  r e q u i r e d  te  w r i t e  an image-

on f i l m , but w i t h  r e f re s h  r e q u i r e m e n t s  equal to that  of the CRT s y s t e m .

Such a sys tem would he quite expens ive  and doesn ’t seem to o f f e r  much

ad v a n t a g e  ove r  the CRT sys tem. The onl y a d v a n t a g e s  which  might occur

would be: poss ibly  high resolu t ion , f la t  disp lay s c r e e n , l ar ge  s c r e e n  e a s i ly

a c h i e v e d , and h o p e f u l l y ,  improved geomet r i c  p rec i s ion . Tue  potential  p r ob l e m s

en the-  otht- r hand inc lude  v e r y  high power  r e q u i r e me nts , poss ib le  low con-

t r a s t  ( p r i m a r i ly due to  s c r e e n  p r o pe r t i e s , and obvious ly  v e r y  hi gh cost

r e l a t i v e -  to the CRT s y s t e m s .

M a t r i x  a d d re s s e d  s y s t e m s  o f f e r  a g r e a t  po t en t i a l  f o r  the f u t u r e

s y s t e m s  f o r  d i sp lay .  These m a t r i x  a d d r es s e d  sy s t ems  can be f u r t h e r

d iv ided  into two ca t ego r i e s :  se l f - i l luminat ing  and lig ht va lves  - in the self -

i l l umina t ed  d e vi c e s , one would f i n d  the a r r a y s  of li ght e r i i tt in g  diodes ( L E D )

plasma panels  and e l e c t r o l u m i n e s ce n t  panels ( E L  pane l s ) .  One o the r  t e c h n i que

for the self-illuminated devices is the di g itally a d dr e s s e d  ( m a t r i x )  CRT

s y s t e m .  A few comments  will be o f f e r e d  on each in the fo l lowing  p a r a g r a phs .

F i r s t  conside r the se l f - i l lumina ted  m a t r i x  add re s sed  s y s t e m s.

The li ght emitting diode seems to be the fr o n t  runne r at this t ime.  Severa l

c o r p o r a t i o n s a r e  currentl y considering such a device for display of graphics

d a t a (c om p u t e r  t e - r m i n al s  and cock pit d ispl a y s ) .  A s u r v e y  of companies

i nv o l ved  was not made but some of those  who a rc  cur  r e’:~t 1y r ev i ewing  the

te c h n o l o g y  i n c l u d e :  Hewlet t  P a c k a r d  (Pa lo  Al to , Ca. ), and Texa s Ins t ru -

m e - n t s  ( D a l l a s , T e x a s) .  The LED dev ices  o f f e r  many  a dv a n t a g e s  i n c l u d i n g
- - f l a t  s N - e n s , h i g h b r i g h t n e s s , g e o me t r i c  p rec i s ion , co lo r  (would r e q u i r e

s ev e r a l  LED’ s per  p ixel  much  l ike  the shadow mask  tube) ,  and m e m o r y
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( w i t h  L SI — l o r g e -  ale- i ntegrated — late hing circuits f u r  d r i v e -  r s)  bui l t  in .

~I we - vc- r , a l a r g e -  a r r ay  would he r e~l a t i v e - l y e xp e n s i v e - . In t e r m s  of p r - —

d ic t ion , the ’ LED’ s a re  pei haps the  most  l i ke l y c a n d i d a t e  f o r  the  ‘ ‘ sk y — b l u e ’’

d i splay d c -v ice ’  w i t h  m a t r i x  a d d re- s s  ca p a b i l i t y .

Plasma display sys~~ms have been touted ra the r heav i ly  fo r  the

past  s e - v - r a l  y e a r s  as a d i s p lay cand ida t e  f o r  g r a ph i c s  s y s t e m s . Howe v e r ,

the development  has  been lagg ing the an t ic i pated time schedule . The plasma

dt-v ices  a re  c l a s s i f i e d  by the w r i t e r  as r i s k y. The p r e v i o u s  dev ices  have

b e-en lacking a gra y scale capabi l i ty ,  wit h limited resolution , and low b r i ght-

ness . They do o f f e r , genera l ly,  i nhe r en t  memory  and hen’ e simplif y the

r e - f r e s h  p rob lem.  Some of the o r g a n i z a t i o n s  involved in the t echno logy

i n c l u d e : Bur roughs  Corpora t ion , Owens - I l l i no i s, Bel l  L a b o r a t o r i e s

- - ( I  ( o lm dc - l , N.  .1 - ) ,  I l~M ( K i n g s t o n , N . Y . ) ,  C o n t ro l  Data C o r p o r a t ion

( M i nn e - ap o l i s  , Mn . ) ,  and GTE L ab o r a tor i e s , Inc . ( W a l t h a m , M a ss . ) in

ge-ne- ral , t h e  pasma d c- v i c e s  de) not  appear  to be- a se - r i o us  c a n d i d a t e -  t o t -

f u t u r e -  g r a y  sc-ale  image- d i sp lay .

Elc-ctroluminesce’nt (EL) panels have  been c o n s i d e r e d  on an o f f - o n

bas i s  as the u l t ima te  rep lacement  f o r  b roadcas t  t e l e v i s i o n  sys tem s c r e e n s .

The r e s e a r c h  to date has yet to produce an usable  device  of any qua l i t y.

The EL panels do provide color , gray scale , and mode rate cost  po ten t i a l ,

hut do not possess  memory  inhe ren t l y.  W i t h  r e spec t  to the l a t te r  p o i n t

r e g a r d i n g  i n h e r e n t  m e ’m o r y ,  di - l e c t r i c  d e v i c e s  can be’ b u i l t  in to  the  E L

pane’l w h i c h  do a l low l imited c h a r g e  s to rage , and h e - r i c e  could be po ten t ia l l y

a s a v i n g  in the r e f re s h  problem. Hi gh r e so lu t i on  is a r e a s o n a b l e  p o s s i b i l i t y

w i t h  the E L  pane-I d e v i c e s . lf the re sea rch  con t i nue s , t hen  it mi ght he

e x p e e t e d  t ha t  t h e -  E L  panel c ould be a candidate fo r  the  f u t u r e  in di g ital

i m a g e -  d isp ’ay.

The di g i t a l l y add res sed  CRT ap p e a r s  on the- s u r f a c e  to be an

c - x e  c - l i e - n t  c a n d i d a t e - f o r  fu t u r e  d isplay s y s t e m s . The onl y device-  tha t  the

w r i t e -  r is a w a r e -  of is  the ‘ ‘Dig i sp lay ” o r i g ina l l y in de v e l o p m e n t  by Nor  t h r o p

C o r por a t i o n  and l at e r  sold to Te-xas  I n s t r u m e n t s. The -  c u r  r e -n t  s t a t u s  ot

t h e -  dc -v ie - c is  u n k n o w n , howeve ’  r , the -  d c - v i c e -  was  plagued  by s ev er e  d r i v e

p r ob l em s . The concept  is h ig hl y a t t r a c t i v e .
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A s u m m a ry  of the s e l f - i l lu m i n a t i n g  devices  is shown in Table
X V I I I  as a b s t r a ct e d  f r o m  the P roceed ings  of the IEEE , July  1973 .

The l ight  valve  devices  a re -  not as well  developed as the se l f -
i l l umina t ed  sys tems, in the overa l l  sense,  The devices  a i e  summar ized
in Table X IV .  No other comment other  than that on the Table will be made .

Beam Addressed

1. El e c t r o n - B e a m  Addressed  CRT Not Di gitally Addressed
2 . Laser  Beam/O ptical Modulation Hig h Power ( I W/ M 2 )

Mat r ix  A d d r e s s e d

I .  Digisplay (Nor th rop  - Sold Digitally Addressed CRT
to Texas Instruments) Severe Dr ive  Problems

( 100 V over 300-400 pf d )

2 . Plasma Panel , Self Scanning Color Avai lable , Limited to
(B u r r o u g hs Corp. ) 250 Lines , Low Peak Br i gh tnes s

3. AC Plasma Panel No Gray  Scale , E xp e n s i v e  ( ? ) R e d
(Owens -I l l inois)  Disp lay,  inherent  mem ory

- 4. E lec t ro luminescen t  Panel Var ious  Color , Gray  Scale ,
N o Memory ,  R i s k y Development

5. LED Br igh t , Colors  Avai lable ,
Flat  Panel , Exp ens ive

Table XVIII

Summary of Exotic Display Technique s

(Self I l luminat ing)

Ref . Proc. IEEE , Jul y 1973
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L ig ht V al v- s , lie -am A ddre-sse~d

I. Titus Tube (KDP Crystal) Very Experimental
(Philip8)

2 . Cathodochromic  Dark Trace Tube Slow Scan , Hi gh Resolu t ion

3. Oil Film Diff rac t ive  Has Pe r fo rmed  Real  Time TV ,
Reliabili ty a Problem, Bulk y.

4. Laser  Addre s sed, N o n e r a s e  U s e s  F i lm Type Sy s t e m , Not
E r a s a b l e

S. Photoconduc tor  A pproach Hig h Rc-solut ion , M e m o r y ,
( B a n d  Gap Shif t , Re f l ec t ance  U n i f o r m , Slow , Bulk y
Ch a n g e ) .

Lig ht Va lves,  Mat r ix  Addre s sed

I .  E le c t r o c h r o m i c  (thin f i lms )  M e m o ry ,  Good Con t ra s t
U n i f o r m  Re l i ab i l i t y  P r o b l e m s ,

2 . Col loidal Dipole Suspension Limited Temp. Range

3. Elec t roph ore t ic  Suspension

Table XIV

Summary of Exotic Disp lay Devices
(Light Valves)

(Re f .  P roc . IEEE , Jul y j q 7 3 )

in s u m m a r y ,  the re ’  appears  to be no immediate  new t e c hn o l gy

on the  h o r i z o n  which  will rep lace the CRT as the p r i m a r y  in t e r a c t i v e  di g i t al

image disp lay.  However , the developments in LED and E L  panel t echno logy

should be ca re fu l ly mon i to red  as both appear  to o f f e r  some ve ry  long t e r m

potential .
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Conclusions and Recommendations

Results  of the su rvey  on di gita l image display systems were
not pa r t i cu l a r ly  s u rpr i s i n g  in that most of the new developments seen

w e r e  predic ted  by many who have followed the develop ing f ield.  The new

elements observed in th course  of the survey include the app lication of

solid state memory  fo r  r e f r e s h  of the monitor  in almost all m a n u f a c t u r e r s

of d i sp lay  systems, and the appearance of a new “1000”  line monitor f r o m

two suppl ie r s . The solid state memory  is being used by Comtal , in te rna t iona l

I m a g i n g  Sy s t ems , and Ramtek in the new m o n i t o r s/ d i sp lay sys tems.  In

t a c t , no d i sp lay sys tems  are  c u r r e n t ly  m a n u f a c t u r e d  which  use disc  r e f r e s h

f o r  the monitor  system.

De spite the application of solid state r e f r e s h  memory  in most

of the c u r r e n t  sys tems , there still  ex i s t s  problems in the r e f r e sh  system .
The cost  is s t i l l  ni gh for  the RAM and shif t  reg iste r t echnoJogy  being used.

The ul t imate  r e f r e s h  system will most l ikely be found in CCD technology.

The c u r r e n t  techn iques a re  too slow f o r  the potential appl ica t ion to “ l a r g e ”
display mon i to r s  ( tha t  is moni tors  of the f u t u r e  which m~ y requ i re  up to

2000 x 2000 e lements ) .  The cost f a c t o r s  are  simply that the r e f r e s h  sys tem
s t i l l  dominates  the cost of the en t i r e  d isp lay system. It is  bel ieved that

the c o s t  f a c t o r  wil l  of cou r se  decrease  with t ime , probabl y with the

e-vt -n tua l  use  of CCD technology.

In the- a rea  of mon i to r  t echno logy  t h er e  s t il l  e x i s t s  n u m e r o u s

pr oh l e -m s .  Al l  c u r r e n t  m o n i t o r s  use -d  in the d i sp lay  of d i g i ta l  images  a r e

i den t i c a l  to those-  used  f o r  b roadcas t  t e l e v i s i o n .  In f a c t  all the  mon i to rs

m a n u f a c t u r e d  by Conrac  a re  used p r i m a r i ly as broadcast standards by the

v a r i o u s  s t u d i o  o r g a n i z a t i o n s. For the app l i ca t ion  that they were  desi gned ,

the moni to r s  a rc  exce l len t .  However , the r e q u i r e m e n t s  fo i  the digi ta l

image-  p rocess ing  communi ty  a r e  radically d i f f e r e n t . As au example , the

broa dcast moni tors  are  designed with a curved facep late to allow off axis
v iew i n g  (to support multiple v i e w e r s ) .  In the di gital image p r c ce ss i n g

problem there is usually onl y one viewe r , the anal yst .  The curved face-
plate- doe-s  i n t r o d u c e  d i s to r t ions  which a re  de l e t e r ious  to accu rat e  mensura-

t ion  and a re  complicated to remove p r e - d i s play. The tube s ( C R T s )  a r e
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also designed to require the minimum depth for home use by means -of

wide deflection tube s. The wide deflection (of the orde r of 1~~0° cause-

another class of distortion which inte r f e r es with the in te rp re ta t ion  of the

image being displayed.

The areas where improvements appear w a r r a nted in the monitor

technology include :

Increased resolution (up to 2000 by aooo full color)

Flat faceplates

Simplified convergence technique s

Improved Linearity (of the orde r of 0. 005%)

Special tube sizes and geometry

In each of the areas , the technology is available to permit achie vement of

a set of reasonable design objectives. It is unlikely that improvements will

oc cur , however , without direct government funding. The monitor rnanu-

facturers are unlikely to address the problems of digital image processing

community as there is a very small market  involved (relative to the com-

mercial  world).

L~~k of a set of reasonable specifications for display systems

is a major problem in the device technology. Many of the needs of the

process ing and display of digital images are  no t understood by the various

manufacturers, and as a result the devices which are being marketed are

the product of the vivid imagination of the engineers involved. It would not

be expected that all facilities would have the same requirements, but the
-t 

d i f ferences  would not obviate the application of a general set of guidelines.

-e At a minimum the various organizations concerned with the display of

digital images should prepare a set of operational scenarios as a guide to both

manufacturers and users, in essence, to inform the manufacturer of the use to
which his device will be subjected. A requirements study should be under-

taken for the individual user.

Of the display devices reviewed during the tour, the International

Imaging Systems Console 70 appeared to be the closest match between the

- 
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a s s u med  re qu e  r t - m e - n t s  f o r  the K T L  f a c i l i ty  and the dc-v ice -  capab i l i ty .
It is unde r st ood tha t  t h e r e -  i s  a potential  d i f f i c u l t y in p rocui -emen t s  wi th

1
2S due to the l o r e - i gn o w n e r s h i p ef the company. The- Comtal 8000 s e r i e s

is v e r y  high on the  re -commended  l i s t  and in many  i n s t a n c e  ~ are  to he pre  -

f e r r e d  to the 12S s y s t e m .  The p r i m a r y  reason f o r  the p r e f e r e n c e  is the

i n t e r f a c e  quest ion . The Comtal dev ice  has been i n t e r f a c e d  to many d i f f e r e n t

computer  systems while  the 12S system has not . Rega rd le s s  of sys tem e

p r o c u r e d , it is recommended that the new 1000 l ine moni tor  be included

in the pr - cu remen t.

No recommendations on the stand alone devices  are  made h e r e i n

as they  a r e  not required  fo r  the E T L  system.
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This appendix is a detailed l is t ing of o rganiza t ion s con tac ted

an d reviewed dur ing th e surve y of sof t co py d isp lay devi ces. A d d r e s s e s
and phone numbers  along with pr inci pa l cont acts  a r e  also g i ven as an aid

to those readers  seeking more detailed information .

I ,  Aeronut ron ic  Ford Corporation
Wes te rn  Development Labs
3939 Fabian Way
Palo Alto , CA 94304
Phone: 415/ 494-7400
P r i n c i pal Contact :  R. Workman

2 . Comtal Corporat ion
169 Halstead
Pasadena , CA 91107
Phone: 213/  588-3256
Principal  Contact: Mr . John Tahl

3. Conrac Corporat ion
Conrac Division
600 N . Rimsdale Ave .
Covina , CA 91722
Phone: 2 13/  966-3511
Principal  Contact: Mr . Wm. Ems

4. ESL Incorporated
495 Java Drive
Sunnyvale , CA 94086
Phone: 408/ 734-2244
Principa l Contact :  Mr . Jame s Burke

5. Hughes A i r c r a f t  Company
Culver  City, CA . 90230
Phone: 2 13/  391—0 711
Principal Contact: Mr. Louis Seeberger

6. Internat ional  Imaging Sys tems
Division of Stanford Research Laboratory
510 Logan Ave.
Mountain View , CA 94043
Phone: 415/ 969-2700
Principa l Contact: Mr.  Michael Battaglia

7. Rarn tek  Corpora t ion
292 Commercia l  St.
Sunnyvale , CA 94086
Phone: 408/ 735-8400
P r i n c i p a l  Contact :  Mr . Charles  N o r b y
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8. S ie r ra Se ienti lu Co rpo rat ion
2 I 8’) Le gh e~ rn St ree-t
Mo unta in  V j ew , CA ‘)404
Ph one-: 415/ ~~~~~~_ o) 31 5
Princi pal Contact: Mr . David  Gi l1> l u n ~

9. Spatial Data Systems
508 South F a i r v iew  A v e n u e
Goleta , CA 93017
Phone : 805/ 967-2383
Pr inc i pal Contact :  D. Rutland

10. Dicomed Corpora t ion
9700 Newton Ave . Sou th
Minneapol i s , MN 554 31
Phone: 612/ 888-1900
Princi pal Contact: Mr. Wayne Hochstedler

11.  Gene ral  E l e c t r i c  Company
Ground Systems Department
Spa cer Div is ion
P .O . Box 2500
Daytona Beach , FL 32015
Phone: 904/ 258-2 635
P r i n c i pal Contact :  R . W . Towles

12 . Int e -  rp r -tat ion Systems Incorp ora ted
P. 0. Box 1007
L a w ren c e , KS 66044
Phone : 9 13/  842-5678
Pr incipal  Contact: None

1 3. Pr ince ton  E lec t ron ic  Products
P.O. Box 101
N o r t h  Brunswi -k , NJ 08902
Phone: 201/ 297-4448
P r i n c i pal Contact :  None

14. Li t ton , In du s t  n e-s
4500 Campus Drive , Room I 16
Newport Beach , CA ‘)2664
Phone - : 7 1 4/  ~4( .-  ~~ 38
P r i n c i pal C o n t a c t :  None’
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