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INT HODlJCTJON 

Digital processing of ima ges generally terminates with the display 

of the data to the human user. The final result (display) can take any of 

several forms, including: film images of the processed data (hereafter 

tc rmed hardcopy): alphanumeric display of data such as statistical properties 

of the data both before and after proce s s in g  or pattern recognition results 

or any of a host of word /number data sets a user might seek; or f ina l l y  the 

ima�e data might be presented in the form of a cathode ray tube (C RT) 

device (hereafter termed "soft copy "). Display of the digital image data 

is the most critical element in the image processing system as it must 

accommodate the visual system of the human user, and, as o�1e might expect, 

the display must allow a wide variety in user properties. The flexibility 

of the display system is very difficult to specify due largely to the lack of 

knowledge existing in the a rea of the human v i s ua l  s y s tem (especia l l y  the 

variability between users). Obviously, the lack of knowledge is particularly 

severe if a g r a y  sca l e  image i s  the object to be specified. As a result of 

the difficulty with the display of image data, many organizations within and 

without the government have looked to the "interactive" devices as the ultimate 

display. By the term interactive is meant that the user ma·y vary parameters 

in "real time" to produce images which allow the most efficient use of time 

and th e user's interpr etative capabilities.  The real time, interactive s yst  m 
is very difficult to configure for systems which do not rel-f on th CR T devices. 

The survey reported herein is directed toward the CRT display 

systems in order to assess the current state of interactive display systems. 

Perhaps of equal importance is the desire to determine the manufacturers' 

moti vation in parameter selection in the development process. For exampl , 

why dl.dthe manufacturer select a particular monitor sy stem? Or why was 

a certain trackball (or joystick) cursor configuration sdec:::ted. Unfortunately 

many of these kinds of questions have no real answers other than the design 

enginf'er happened to like what he saw. Since few, if any, of these design 

engineers ha ve experience as photo-interpreters, then the validity of some 

of these parameter selections might be questioned. 



Tht- flurvt-y of di�ital im ;q:�c� di splay systems r e p0 rt ed hc·1·ein wc · nt 
" ,rn.·what furlht· r than havt! pn·vious su r v e y s  in that monitor s y stf ! m �  w r 

rcvit·wed indepe ndent of the tota l s y s t em s .  It wa s be l i e ved 0y the tou r m e m b  r s  

tha t the monitor s  were a very c r itica l l ink w h i c h  had bee n  igno red in th 

p r e vious surve ys . It s hould be noted that th e n umbe r of monitor ma n uf a c turer s  

i s  ve ry  large a nd that i t  w ou ld h a v e  been a v e ry large ta sk to s urvey a l l .  

Howe ver a repre s entative s ample wa s s e l e c ted t o  s ta r t  t o  determine what 

could be le arned which would be of long  te rm a s s i s tan c e .  I n  parti c u la r ,  there 
was a s tron g inte rest  in the future dev e l opme n t s  wh ic h a r · in the pla nn ing s tag 

Anoth e r p r imary e l e ment in the di gita l i ma ge dis1Jl�y s y s t  m i s  

the re fre sh technology u s e d  b y  a pa rtic ula r s y s tem . T h e  C RT s y stem s n o rma l l  

re qui re  that the d i s played da ta b e  re -dis played at  s ome pe r ivdi c  r a t e  such 

that the data doet1 n ot have an appa r e n t  fl ic ke r ,  that i s ,  the ima ge should 

appea r s table  and station a r y  on the di splay s cre e n .  F or the d igital sy stem s 

the re -displa y  o r  fli cker i s  a pa r t i c ular p r obl.e m  s in c e  it r e qu i re s very h igh 

da ta rat e s .  From c omme r c ial  tele v i s ion studi e s  i t  ha s been n oted that th 

da ta mus t  be re -disp l a ye d  at  a rate of 30 times pe r s ec ond which in turn impli , 

da ta rate s of hundreds of mega bits per s e c ond. T he re fresh tP.c hn i que s have 

a c c oun ted f or a la  rgc amount of the c os t  of digita l  i ma ge display s y s tems . Th 
c ur rent te chnology ha s u s ed digital d i s c  techn ique s f o r  the pa st  t h r e e  o r  s o  y a r s  

but th e advent of  solid s tate technique s i s  nea rin g .  T he promi. s e  i s  f o r  

decre a sed c o s t  a n d  imp r oved c a pa bi l i ty .  A s  a maj o r  e lement  in this s u r v ey,  

the tou r group pa id spec ial  attention to the re fre sh te c hniqu e .  It was 

dec ided tha t a s pe c ia l  s ur ve y  wa s n ot w arra n ted at this t ime due to the la r ge 

num be r of s o l id s tate  memory s y stem s avai la ble. 
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StJHVEY TJ:o.:CHN!QUE 

The softcopy display survey technique was a composite of direct 

manufacturer in-plant visit and det ailed review of m anufacturer documentat ion. 

A litt>rature search preceded all activity to ascertain which organizations 

wt·rC' in tht• disp lay system manufacturing field , Each manuf:icturcr id ntifi d 

waR then contacted by telephont! and asked if they we r e  willing to partic i pate 

in the survey. I f  the organization did express an interest, then they were 

n·qut>sted to transmit any applicable descriptive literature •:specifications, 

the ory of oper ation, etc. ) to the writer for a p relimina ry 

rE-view. This last step wa s o f  p articular imp ortance since it allowed the 

survey group to eliminate any unnecessary or inappropriate systems and 

ultimately reduced the travel required, and allowed an intelligent question 

package to be prepared. 

F ol l owing the preliminary review, the rem aining m anufacturers 

were contacted again fo r a specific appointment fo r an in·-plant review. The 

added dimension of an in - pl ant revit· w was o f  pa rt icular im;:-ortance i n  the area 

of soft copy di splay in that the end objective is vie w in g of iml'l.ge data . It 
was felt that without actually v iewing th e  display device the survey would 

have been we akened. 

A survey team was selected to act i vely p articipate on the tour of 

sites and to review the applica ble literature. 

of the fo lbwing members: 

The survey team consisted 

D r. H. C. Andrews 

D r .  J .  Boothe 

Consultant to The A�rospace Corp. 

The Boeing Co. 
Ms. M. M. Irvin The Aerospace Corp. 

Mr. C. L. Patterson The Aerospace Corp. (Tour Leader) 

Dr. Andrews was asked to pa rt ic ipate on the basis of an extens ive back ground 

in digital im age processing techniques and systems. Dr. J .  Boothe wa s 

selectE-d on th e basis of an extensive background ev aluation cf psych olog i c a l  

t •sting of photo-interpreters in facilities usin g digitally proc �ssed images. 

Ms. M. Irvin was asked to partic i pa te on the basis of an extensive background 

in the ope rations associated with d igital image displ ay {she i s  curr ntly the 

operator of th Aerospace Di gital  Image P r oces sing  F a c ility) . 

After e ach o r gani zation wa s visited, a n  info rmal de brief ing  of  th 

tour mcmbe rs w a s  conducted by the tour leader for inclusion into th i s  repo r t .  

3 



Resul ts  of the tour and document r«:view indicated several methods 

of classifying the devices reviewed. The ou tline below indit.:ates the method 

actually chosen for the classification 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 followin g 
items re quired to suppor t just the disp�ay system 
exclusive of computers, mass storage, software, etc: 

a. Monitor devi e 
b. Refresh Hardware 
c. Track ball or joystick is included 
d. Point processing technique 

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

a. Display System (as i n  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 procesHing or 
display of images. The devices might include the followin g: 

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

be �urveyed in a separate report) 
c. Special purpose hardware, such as F FT (fast 

Fourier transform) components. 

Pc ripheral devices as described in item four were not the objective of the 

survey and were covered as the various manufacturers desired. (Each manu

facturer was allowed to present any mate rial desired to thP group within a 

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

to avoid "leading" the manufacturer by questions other than those required 

to clarify performance of the display devices. Very little comment will be 

made regarding the peripheral devices shown to the tour group. 

Another techni que for classification of the dis play devices was 

that of bt·am vs. matrix addressing. The addressing techniques were very 

limited in that only beam addressed systems were seen in t�e tour. The 

impli cation of direct matrix addressing of the display is very interestin g and 



may well bt a viable technique for tht! future , A mor<; detail<;d discussion 

will b«· prt•sent«·d in a later section. 
A kt::y point to be made on the su rvcy te chn i que is that a larg · 

numbt-r of potential suppliers of digital image display systems were not 

covered. The reasons for bypassing these potential suppliet-s is that they 

either did not r espond to the inquiries made during an early period, or that 

they were very remote and would require a significant inveo:tment in both 

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

With the caveat in mind that the results were limited in quantity, it is b lieved 
that the survey discussed herein is relatively complete in terms of the types 

of systems available, general performance characteristics, and technologies 

utili zed. 

, 
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DlSI'LAY SYSTJ.:Ms SPECIFICATIONS 

No specific sets of soft copy display systems specifications were 

available to the survey group at the time of tne survey. l-lowev r, it s ems 

particularly appropriate to make some comment regarding system 1 vc:l 

specifications. 

Development of system level specifications will .:-equire several 

pre-cursor steps prior to the development of reasona ble specifications. At 

the first level, operational scenarios will be of great value. These scenarios 

are, in essence, an answer to the basic question, "how is the display to be 

used?�· The question may seem trivial on the surface, but in reality, is 

very diffic ult. A thoughtful answer will include a careful review of the 

operational needs of the user. Specific questions which arc implied include: 

a, What kind of imagery is to be processed? 

I. What is the required resolution in samplt:!d form 

(i. c. , how many pixels are required?) 

2. What is the dynamic range of the imagery to be processe d? 

3 .  Is color a factor in the original imagery? 

4. What kind of collateral data is to be used? 

b. What operations are to be performed on the d; splay equipment? 

I. Is the display to be used in a production environment? 

a. What throughput time is needed'( 

b. What technical functions are needed? 

c. What qualifications will be available for the operator? 

2. Is the display to be operated in a research and 

development environment? 

c .  What kind uf general purpos (or spe ial purFos ) comput r 

is to be used? 



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 

user. 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 5 12 x 5 12 image points. The users, on the 

other hand stoutly defended the r..eed 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 valu�. 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 rapidly accessible form and a mechanism of extracting 

any 5 12 x 5 12 designed by the user. In this approach, the user would 

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

him, then �y the appropriate pointer and command, the system would 

fetch a high r�solution image for detail study. In this case, the display 

system and associated computer 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-interpreter. It would seem 

that many of the conflicts could be resolved by similar "trickery". 

7 



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 !'equirements. 
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SURVEY RESULTS 

Results of the survey performed are summari zed in this section. 

Details are omitted as they are deemed unnecessary to show the charac

teristics 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 involvP-d, 

Organi zation of this section of the survey revort is based on 

reporting thf' monitor survey first, followed with the display systems, 

followed by the standalone systems. Each device in cluderi in the survey 

is further summarized in a chart for rapid comparison. It should be noted 

that these systems were reported on a briefing given in Washington, D. C. 

on 19 February 1 976. 

Monitor Systems 

Monitors utili zed on the various digital image display systems 

are the major oversight of previous survey teams. The �urrent survey 

has yet to perform a comprehensive review of monitoring systems. 

In preliminary conversations with several manufacturers of the display 

systems there was an indication that the primary monitor was manufactured 

by the Conrac Corporation. The primary reason for each of the manufacturers 

choice of Conrac monitors was the fact that Conrac is the standard television 

broadcast studio monitor. It was claimed that the monitor was the highest 

quality available. As a result Conrac became the primary review source. 

Other manufacturers were considered, but limited funds and time yrecluded 

detailed review. Most of the other firms involved were primarily commercial 

and basically span the home television market. Conrac did on the surface 

appear to be the standard that most broadcast organi zations employed. In 

addition to the Conrac system which was surveyed, t wo other manufacturers 

of black and white monitors were reviewed. These included Hughes Aircraft Co. 

an d Sierra Scientific Corporation. In addition to the noted companies sur veyed, 

we also considered a new Japanese monitor built by Chormussen Ltd. of Japan. 

The monitor is, however, not available in the United States, 

The monitors surveyed are believed to give a realistic insight into 

the current state-of-the-art in monitor systems. Each of the monitor manu

facturers surveyed will be dis cussed in the following paragraphs. 
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Con rae Corp. Monitors 

Conrac Corporation manufactures a hroad range of television 

mDnilors prin cipally directed toward the professional broadcast studio. 

Many of the manufacturers of digital display systems utilize the Conrac 

monitors. In particular both Comtal and International Imaging Systems, 

Division of Stanford Technology Corporation, use the Conrc,c RHN series 

in their respective display systems. The primary monitvr system of 

interest at the time of the tour w as the color monitors. Conrac manufactures 

two versions of the basic color monitor which are heavily 1�sed in the digital 

display field. These include the RHN series and the RHB series. The RHN 

systems are an RGB input type while the RH B sy stems are a standard NTSC 

color input system. Only the RHN series will be discussed herein. In 

addition Conrac manufactures a ser ies of other monitors, both color and 

hlack and white. The other co lor receivers are either of a lower quality 

f or educational use or are of a higher quality but uti lizing the PAL (B or M) 

color input common to the European and South American television systems. 

Conrac's address and telephone number are given in the Appendix 

for those who have a more detailed interest in the specifics of system 

operation. 

Some of the basic specifications of the RH N monitor are given in 

Table I. The basic monitor i s  supplied in 19 inch, 22 inch, or 25 inch 

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

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

basic triad spacing of 0. 024 inches with a spot size of 0. 007 inches. The 

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

The normal tube is adjusted for a 4 by 3 aspect r atio but can easily be set 

for a 1 by 1 ratio. Both Comtal and International Imaging systems do 

adjust for the square raster. 

A tour of the Conrac facility was a very instructive expenditure 

of time. It was learned that Conrac does have the capability of m anufactur-

ing their own tubes, 

are black and white. 

which Conrac uses. 

although at this time, the only tubes manufactured 

Little was learned, ho wever, regarding the phosphors 

It w as claimed that the process is prr:-prietary. On the other 
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Minimum TV line resolution (at 2u foot-lambcrts ) 

485 at the center of the tube 

390 at the corner of the tube 

Linearity 

Color Temperature 

Input Color System 

Tube Type 

Spot Size 

Video Bandwidth 

plus or minus 2o/o of the r aster height 

6500
°

K (illuminate D) 

The color temperatun! is adjustable 
to suit the user. 

Red, Green, Blue (R.GB) 

Shadow mask (0. 024 inch triad spacing ) 

0. 007 inch (0. 003 to 0. 004 inch available 
on special order) 

Flat to 10 MHz plus o;· minus 0. 5 db 
on each of three channels. 

Table I 

Con rae RHN Color Monitor Specifications 

II 



hanrl it wa s learned that Conrac dot�s have the capability to manufacture 

all othc· r components of thci r monitor systems including the deflection coils. 

In �ene ral, the tour team was highly imprcs sed with the qu<.dity control 

demonstrated by the C-:;nrac ope ration. It should be noted that the quality 

is the primary reason for the relatively high cost of the RHN monitor associated 

with the commercial system (the price for the RHN directly from Conrac 

ranges from approximately $3800 to $4200 depending upon monitor size). 

Several new developments were discovered during the tour of the 

Conra c facility. The first, and perhaps the most significant, is the develop

ment of a new "1000" line monitor based on the M GA tube (Mitsubishi). T he 

MGA tube uses a 0. 0 1 2  inch triad spacing as compared to the 0. 024 inch 

triad spacing of the RCA shadow mask tube. The development will perhaps 

stimulate the development of a complete 1000 by 1 000 digital display system. 

Even if the development of display is not forthcoming, the new tube should 

produce considerable improvement in the 512 by 5 1 2 display systems now 

in use. It is understood that Comtal Corporation is in the process of recon

figuring (a relatively minor task) their 5 1 2  by 512 display syRtems to utilize 

tht· new higher resolution tube. It would be recommended that any new pro

curements seriously consider the high resolution color system. Conrac 

indicated that the approximate cost of the new monitor wculd be approxim ately 

$6000 as compared to a cost of $4000 for the RHN monitor. With respect 

to the new high resolution Conrac monitor, Conrac did make several negative 

points. Conrac claims that the color control and white uniformity (between 

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 trouble some unless several monitors are plar:ned for a common 

viewing area (that is one photo-interpreter viewing both screens at the same 

time ) .  Even in this case, it would be wise to perform measurements to 

evaluate the effect of any mismatch. 

The next major new development observed at the Conrac facility 

is a new convergence system in test. The convergence of the older monitors 

has been a particularly troublesome problem. Even well trained technicians 

find the convergence difficult (in fact the writer has rarely seen a well con

ve q�ed system in operational environments). The new con ;ergence system 

12 



will allow a relatively untrained person to perform the cnnvergence 

with a minimum of difficulty. The past problem has bet::n to perform 

the conver�encc over the entire tube face. It is relatively easy to 

converge near the center of the tube, but almost impossible to keep or 

drive the convergence into specification at the edge of the field. The 

new convergence system will allow the operator to adjust the convergence 

for each of 9 separate regions of the tube face independently. A detailed 

explanation of the procedure will not be given here, but it should be noted 

that the new system will be well worth serious considerat.ion in future 

display system procurements. 
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Hughes Aircraft Company 

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

been involved in the development of a "high resolution" disphy monitor. 

Funding for the effort has been both from federal sources a.n::i HAC IR & D 

funds. The basic objectives have been to produce a displa-y monitor which 

will display up to 2048 by 2048 picture elements with up to 8 bits of gray 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 "crisp" 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 refresh limitations. 

The basic purpose of the tour at HAC was to examine some of the 

purely military display technology, and to determine what research is 

currently on-going. 

Table II . 

A summary of the characteristics of the monitor is shown in 

Image Size: 

Resolution: 

Display Size: 

Phosphor Type: 

2048 x 2048 pixels 
(932 x 2048 pixels demonst:·ated) 

Modulation of 0. 6 at 100 lines /inch 

1 0  inch by 1 0  inch ( 4. 7 inch used) 

P43 

Table II 

Hughes Aircraft High Resolution 

Monitor Characteristics 

As a general conclusion, it seemed that several additional years of 

dcvtlopment are r quired befor any reasonable system will be availabl . 

For thos who may be int r sted, the device is being d veloped by 

Hughes Aircraft Company 
Full rton, California 

The person r sponsibl for th d v lopment is Mr. Peter Baron at the abov 

organization. 
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Sierra Scientific Corp. 

The final monitor manufactun·r rt·vit•wt·d was Sit;rra Scientific. 

Tht• primary activity at Sierra is development of monitors and cameras 

(vidicons) for use in the biomedical community. No partic'.llar system was 

demonstrated during the visit. 

The principal monitor discussed during the tour ·.vas the Sierra 

Scientific mode H D  1 501 which was claimed to have the characteristics: 

shown in Table Ill. 

Tube Size: 

Spot Size 

Video Bandwidth 

Resolution: 

Phosphor: 

Cost : 

15 inch diagonal 

0. 008 inch (0. 004 inch available 
at extra cost) 

30 MHz 

1 500 Television line pairs at the tube center 

1300 Television line pairs v;orst case 
0 

P4 ( 1 1, 000 K color temperature) 

$2500 (add $ 1000 for the 0. 004 inch spot) 

Table III 

Sierra Scientific Corporation Model H DI50 1 Dispiay 

It should be noted that the device discussed is st;-ictly an analog 

instrument. The additional digital hardware to make the system compatibl 

with image sources of interest in this report are not considered. 

In discussions with Mr. Gilblom the questior. was rais d as 

to the feasibility of a very high resolution CRT (of the ord�r of 2000 by 

2000 resolution elements). The response was very interesting in that it 

was taken seriously. Gilblom stated that he felt such a tube could b con

structed now. However, the solution would lie in the penet1·ation b am tech

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

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

penetration tube, Gilblo m indicated that he believed that one of the Dumont 

subsidiaries was involved in such a de velopment. (In later re views, it was 

det�rmined that the tube was available now from Dumont anci is manufactured 

by Thompson CSF in France). 

15 



Display SyRtt·ms 
Display systems which were defined under the section tilled 

Survey Technique were surveyed hy both document re view and in-plant 

tour where it was felt the physical viewing of the equipm<!nt would be of 

value. As in the case of the monitor review, it is belie ved that the survey 

is not complete, but it is also believed that the systems reported herein 

are representative of the current state-of-the-art in display technology. 

Survey techniques were much the sam as that used in the 

monitor systems in that the survey began with systems which were familiar 

to the tour team members. In particular, considerable interest has been 

sho wn in the Comtal systems as many of their instruments are currently 

in usc hy a wide aricty of facilities. However, Comtal has introduced 

a series of "new" systems and improvements on the older devices, hence 

a re-survey of Comtal was clearly warranted. In addition to the Comtal 

devices, there are a number of similar systems which have been in use 

for st-veral years including the IPADS (Image Processing and Display System) 

built by Ae ronutronic Ford, a series of display systems built by Dicomed 

Corporation, and the CRT display devices built by Ramtek -which have been 

implemented into the ERlM facility. In addition to the more well known 

dP vin·s, there are a host of devices which are manufactured by lesser 

known organizations which would warrant a close r e vi e w. tt is in this latter 

a rt:a that th · survey is most obviously deficient. It is almost impossible 

for al l of th<·se other organizations to be included in that they are not know n 

to the writer. Yet, it is these smaller organizations which are the most 

likely to produce innovative solutions to the softcopy display problems which 

arc facing the image processing community. As an examplt:, one of the 

smaller companies, International Imaging Systems (a subsidiary of Stanford 

Technology Corporation) , has de veloped an extremely flexible and powerful 

processin g  system which should be of great interest to any organization 

invol v d in digital processing of image data. 

Each of the systems surveyed will be described in the following 

paragraphs. Detail "fact sheets" will not be included as a part of this report, 

but if the n ·ader is interested, the manufacturer addresses are included in 

Appt•ndix A for ref<'rencc. 
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Aeronutronic Ford 
Aeronutronic Ford is a broadly based electronics and defense 

company which has had a long standing interest in digital image processing. 

Among the accomplishments of the Acronutronic Ford activity in digital 

imagt� processing, is the development of the !PADS device. In many respects 

the !PA DS device contains elements of future systems. A<; an example, !PA DS 

is the first display system to utilize a solid state memory to refresh the 

monitor. The system is also the first to claim a display capability of 1024 

by 1024 image size in color. With respect to this latter point, it should be 

noted that the system produces only 3 bits amplitude in each color plane. 

Regardless, the problems of wide system bandwidth still h-ad to be addressed. 

(It should be noted that the bandwidth of the system described is of the 

order of 100 megahertz--not a trivial problem). 

A brief review of critical display system parameters is shown 

in Ta ble I V. 

Display Techni que Sequential Color 

Image Size I 024 by 1 024 pixels 

Amplitude 3 bits per color 

Refresh Rate 1 80 Fields per Second 

Refresh Technique Solid State 

System Interface to Honeywell D DP 5 1 6  

Table IV 

!PAD S  General Characteristics 

The !PA DS system as demonstrated to the writer and the tour 

group was interfaced to a Honeywell D DP 5 1 6  Computer which is a 1 6  bit 

pa ralle 1 machine and include I2K 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 interfacing the !PA DS to a Digital 

Equipment Corporation ( DEC) P DP 1 1/45 system. SpeciEc details of the 

intc rface and machine characteristics were not made availahle to the tour 

group. 
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Tht• baHit display techni<pw IIH ·<l by A<· r"nutrfmic Ford i R that 

of se quent ial color. A single "white" phosphor CRT pro vides th input 

light source. A tri-color filter wheel is located in front of the CRT to 

provide the color desir d. Each of the three frames, one for red, one for 

green, a nd one for blue arc written in time sequence with the color whe 

bt-ing indexf'd betw e en successive fra mes. The resultant ir.1age is proj ,-t d, 

optically, to a vi wing screen for the eventual operator us•!. The s quential 

color is unique among th systems covered ip this survey. 

!PA DS has a number of interesting features in addition to the 

Ia rge image capability and s olid s tate refresh. Sp e c if i cally , the system 

employed a "touch point entry" techni que to implement a number of process
ing operations. The "touch point entry" consists of an array of photodiodes 

and Light Emitting Diodes (L E D) around the periphery of the viewing screen. 

The operator could break the beam between the L ED and the photodiode 

causing a digital word to be gene rated for use in the computer. Aeronutronic 

Ford used the technique to select pseudo color assignme�ts, local area 

definition for equalization, and a host of operations necessary in il":'lage 

processing p ro blem s . The specific algorithms activated by the touch point 

entry system will not be reviewed here as they may not be applicable to 

long tt'rm goals in the ETL facility but the technique may he of same interest 

as a generalized input to the display computer. 

Refresh memory based on solid state technology is particularly 

important in the acquisition of new syste ms in the future. Reliability and 

speed of response are the primary forcing elements. The rnemory used in 

I PA DS is not based on the newer technology invol ved in RAM (random access 

memory) or CC D (charge coupled device) systems. The memory, de veloped 

by Aeronutronic Ford, is drawn from the shift register technology and 1s 

relatively expensive. Other display systems operating a disk systems for 

monitor refresh suffer primarily fro m response time due largely to disc 

latency effects. The refresh memory in I PADS is not nec�ssarily that which 

would be reco mmended in this effort, but does provide a historial background 

for future developments in solid state refresh technology. 
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Problems noticed in the ! PADS demonstration& are most generally 

a s s ociated with the display technique , In general the display suffe rs from 

a low brightness output. The actual output was not photome trically measur d, 

but appeared dim to the tour group. The contrast seemed relatively 

lo w compared to the usual C RT systems. In addition to the dim, low con

trast image problems in the tub e appeared very grainy. Ae ronutronic Ford 

personnel were as ked i f  they had made a ny studies o f  the n .)ted pro blems. 

It was stated that the current tube was the problem and tha t they believed that 

a new tube would fix the problems especially the grainy appea ranee. (In 

previous visits to the ! PA DS facility , the writer had observed the low contrast, 

low brightness problems where the other tube types were being used, and it 

is not obvious that all of the problems are "curable " by a simple tube chan e . ) 

The major problem with the low contrast, low brightness seems to b more 

determined by the color wheel e ffects and the basic limita tJen of l i g h t  output 

from the C R T. The losses in the filter would ma ke a defi r,ite contribut10n 

to the low bri ghtness e ffect. 

Further details on the system performance can be obtained directly 

f rom Ae ronutronic Ford. 

System costs for the I PA DS were not made available to the tour 

group. 

The next Aeronutronic Ford System rev iewed w a "  the " 3  Pac k  

System ". The b asic device is a projection system capable c • f  providing 

fu l l  color image on a large screen. The system consists r· f three independent 

C R T devices with separate lens and filter systerms. The red , green, and 

b lue images are supplied to the respective C R T/ filter /lens systems, and a re 

eventually projected on a large screen. Resolution o f  the system was not 

quoted , but appeared to be of the o rder of comme rcial television .  

An outstanding feature o f  the system was a clever digital i mage 

registration system which would allow the three images to he registered by 

a relatively untrained operator. The registrat ion system would a llo w the 

operator to d e form or warp the image to remove some am-:mnt o f  i mage dis 

tortion as well as register the individual co lor planes. The techni que was 

claimed to be proprietary and was not described but seemed to be a s moo th 
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flJ n  · t i o n a !  fi t  s uc h  a 1:1  m i g h t b e  a c h i e v e d  wi t h  s p l i ne s o r  r r c , d e r a t · l y  h i g h  

o rcie r pol ynomia l s  ( s uc h a s  t hi rd 0 r  fou r t h  o r d e r ) . T h e  d e "":: on s t ra t i o n 

c o ns i s t e d  of w r i ting a g r i d  pa tte r n  i n  e a c h  o f  t h e  th r e  c o l o n:;  a nd wa r pi n g  

the i r.d i vidua l c o l o r l i n e s  to r e g i s t rat ion.  A c a pab i l i t y  fo r wo rk i n g  ov r 

l im it e d  r e g io n s o f  t h e  l in e  s pa c e  was a l s o  d e m o n s t r a t e d .  Th e te c h ni q u m a y  

have a pp l i c a tion i n  oth e r ty pe s of d i s play s  a s  we l l  a nd i s  w o r t h a fo l l ow u p  v 1  I t  
fo r a d d i ti o na l  d e ta i l s .  

The b r ig htne s s  of  the di s pl a y  wa s r e l a ti v e l y l o w  and w a s  o f  c o n c e r n 

t o  A e r o nut ro n i c Fo r d .  A s y s te m ,  c a l l e d  "6 Pac k " ,  u s i n c  6 C R T / l e n s / fi l te r c on .  
n a t i o n s  wa s in c on s t r u c t i on .  The s y st e m  wa s n ot d m u n s t r a �e d ,  but i t  w a s  l a t n l f "  
that  th e a d d e d  C R T de v i c e s wou l d  p r od u c e a s u ffi c i e n t l y  b r •.g ht i ma g e .  

E i the r 3 o r  6 Pa c k  s y s t e m s m i g h t  h a v  a pp l i c a t i o n  fo r ce r ta in 

t a c t i ca l m i s s i on s a n d  w oul d be w o r t h  f u r th e r r e v i e w  f o r a n y  s u c h  a ppl i 
c a t ion which might a r i s e .  

A t h i r d  s y s te m  t y pe wa s bri e f � y d i s c u s s e d  by A e r onutronic  F o r d . 

T h e  s y s t e m , c al le d  the Ma rine 3 - D  s y s te m ,  wa s d e v e lope d f o r  the pu rpo s e 

of a t rain ing simul a t o r fo r s hip pilot s .  The s y s te m  p r oduc e s  a p r oj e c t e d  

ima g e  wh i c h  i s  2 4 0 °  b y  1 3° ,  a nd i n  f u l l  c o l o r .  T h e s y stem wa s n ot d e mon 

s t ra te d  to the tou r ing g roup. No a pp l i c a t i on i s  f o r e s e e n , a t  t h i s  t i m  , f o r  

s uc h  a s y s t e m .  

l O  



Com ta l C o rpo ra l i on 

Comtal  Co r po ra tion i s  a s ma ll co rporat ion which ha s a g g r e s s i v  ly 

pu r s ued the d i g i ta l ima ge d i s play field for  the pa st  fou r or five yea r s .  Th 

co rpo rat ion began i n i t ia lly  w ith the  gene r ic follow on s to a s t i l l  olde r 

s y s te m ,  the A e roj e t  "Spe c t r a v i s ion " ( wh i ch i s  n o  lon g e r  being ma nufa ctu re d ) .  

T he s y st e m s  wh ich a r e manufa ctu r ed a r e  ba s e d  on a r e lat i ,: e l y  s t ra ight 

f o rwa rd a pp roa ch of : a Con ra c monito r ( the R H N  f o r  the c ol o r  sy stem ) ,  a 

d i s  r e f r e s h s y s tem , a fun c t i on memory pa c k a ge f o r point ope r at ion s  on 

the ima ge s ,  and a s e r ie s  of gene r a l l y  u s eful  op · r at ion s .  The dev i c e  i s  

gene ra l l y  rega rded a s  the c u r r en t  s tanda r d  in the fie l d  and i s  r e ga rded a s  

a v e r y  f lexi ble s y s t e m  f o r  r e lat ively  mode rate c o s t s . 

T h r e e  s y stems a r e of int P r e s t  in thi s s u rvey of thf'! sev e r a l  

cu r r ently  man ufa c tu r ed ( the te rm seve r a l  i s  u s e d  he r e  i n  that i t  i s  r e l a t i v e l y  

diff i c ult  to d i s tingui s h  betw e en opt ion s  and s y s t em s ) .  Two of the s e  s y s t e m s  

a re c lea rly d i s play s y s tems in the c ontext o f  t h e  de fin ition s made unde r 

the s e c tion t i t led " S u r v e y  T e chnique " ,  the s e  inc lude the mode l 8000 Col o r  

Image Di s pl a y  s y s t e m ,  a nd the M ode l 1 0 2 4  D i s play  s y s te m .  E a ch of  the 

s y � te m s  w i l l  be d i s c u s s e d  in the follow i n g  pa ra g ra ph s .  T he thi r d  s y s t  m ,  

the S e r i e- s  9 ,  1 s  a s tanda l one d e vi c e  and w i l l  be  d i s c u s s ed i n  the s e c t ion 

S y s t e m s  p r e s<:>nted in a !ate r s e c tion of thi s report .  

A summa ry of  cha r a cte r i st ic s of  the  Comta l modP. l  8000 s e r ie s  

i t�  s hown in Ta ble V. 

F un ction a l l y  the Comta l  mod e l  8 0 0 0  is a r e l a t iv � � y  s t ra i ght 

f o rwa rd s y s tem. Ima g e  data i s  w ritten onto the Data Di s c  a llowing up to 8 

bits  pe r ima ge point pe r color  pla n e .  Ima ge data f r om the Data D i s c  i s  

p r e s en t e d  to the fun ct ion memo ry f o r  any point  ope ration s .  The fun ction 

me1no ry s y stem i s  nothing  m o r e  than a r an dom a c ce s s  mem o r y  which i s  

l oaded f rom the host  compute r s y s tem w i t h  any de s i r e d  remappi n g  the 

use r de s i r e s .  The fun c t ion memory remaps the i m a g e  z.mplitude f r om th 

8 bi t s input to the 6 bits output ( 8  bits  a s  an option)  w ith a;1y p i e c ew i s  

l in ( ·a r g ra y  s ca l e  the u s e r  d e s i r e s .  The p s eudo c l o r  me mory pe rfo rm s 

i n  m u c h  th . same ma nne r but a s s i g n i n g  c ol o r  to the s pe -- ifi d gray 1 v l s  
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Monitor 

Image Si ze 

Dynamic Range 

Colo r 

F rame Rate 

Con rac RHN Color monitor 

5 12 by 5 12 pixels 

6 or 8 bits (option )  

T rue (three ) and pseudo 

6 0  Fields per second 

Refresh System Data Disc with up to four image cap ability 

Special Characteristics: 

Track Ball with programmable cu rso r 

Four function memo ries ( one fo r each colo r plane plus 

one for pseudo c ol o r  

Sc roll capability 

Graphics package available as an option 

Interfaces to a relatively large number of computers 

Table V 

Gene ral Comtal Mo del 8 0 0 0  Characteristics 
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rat hC' r tha n  a " n e w "  g ra y  s ca l e .  F rum the fun c t i on memo r y  th ima g 

data st rea m i s  given ov e r  to the digi ta l  to  a n a l o g  onv rt r e  fo r onv r 

s i an to  the R G B  ( r e d ,  g r een , b lue ) analog data r e qu i r  d for  the monito r .  

Sinc e t he t ime of the s u r v e y , s e ve ra l  s i gni f icar.t chang s ha 

bt en ma de in the C omta l mode l 8 0 0 0  s y s t e m .  T he fi r s t  of th s is th 

c ha n g e  in r e f r e s h  memo r y .  C omta l i s  now offe r i n g  the M odel  8 0 0 0  with 

a solid state ref r e s h  memo ry t e c hn o l o g y .  It  wa s stated by Comta l 

that the p r i c e  of r e f r e s h  me m o r y  had dec r ea s e d to  the po1.nt t hat  s o l i d  

state  wa s c ompet it ive  w ith d i s c  s y s t e m s . I t  wa s stated t h a t  p r i c e  would 

p r oba bly d rop with the th r e e  i ma ge s y s t  m u s i n g  this  te c hn u l o g y .  The 

w r ite r  ha s been l e d  t u  bel ieve  tha t d i s c  p r i c e s  w i l l  a l s o d :-op by a s ign if i 

cant amount in the nca r futu r e ;  how e v e r ,  i t  i s  rathe r a rl y  to a s s e s s  

c o s t  c ha n g e s . 

The n e xt change wh i ch i s  in w o r k  a t  Comtal i s  the chan g in g of 
the Cun rac monito r .  A s  stated in an ea r l i e r s e c ti on on the mon i t o r  s u rv e y ,  

Con rac i s  n ow bui ld ing  a mon i t o r  us ing  the M i t s ubi s hi " 1 0 0 0 "  l in e  t ub ( C R T ) .  

Comta l  i s  plann in g  t o  uti l i ze the M i t s ub i s h i  tube ba s e d  mon :to r in the ba s i c  

mode l 8 0 0 0  s y stem ( a s  a n  option ) .  T ha t  i s , u s i n g  the l O O t) l ine tube in a 

5 1 2  l ine r e f r e s h  d e v i c e .  The chan g e  w i l l  r e sult  in a d r ama t i c  inc r ea s e  

in the qua l ity o f  the d i s pl a y  a s  thi s  w i l l  a l low the numbe r of t r ia d s  to  be 

d oubl e d  fo r e a c h  p i x e l  in  the mon i to r .  T he c ha n g e  i s  w e l l  w o rthwhile 

s i n c e  the cu r r Pnt  s y s tem is not  s t r i c t l y  c a pa ble of d e l iv e r in g  a t rue 5 1 2  by 

S 1 2.  d i s play . T he imp roved tube should a I low a highe r maculat ion t ra n s fe r 

fun c t i on fo r the di s play and p r odu c e  much s ha r pe r i ma g e s . The other s ide 

e f f e ct s s uch as l a c k  of c o l o r  un i f o r mity bl' tween moni t o r s  and the white uni 

fo rmity l o s s  w i l l  ha v e  t o  be a s s e s s ed in an ope rationa l enY i r onment .  

The n ext change w o r thy o f  n ote wh i c h  ha s be en impl e me nted 

w ith the Comta l s y s t e m s  is  the " b u rnt  i n "  demon s t ra t i on pa c k a ge . Comta l  

i s  p r oducing  a PROM ( p rog r a mma ble r e a d  o n l y  memo r y )  f o r  u s e  w ith the i r  

d i s play s y s tems which ha s the Comtal d e mon s t ration s oftwa r e  fo r s y s tem 

cont r o l  and ope rat ion . The PROM w i l l  a ll ow the u s e r  to  switch f r om. a t r ue 

s oftwa re c on t ro l  to the PROM c ode in the e vent of s oftwa r e  s y stem fa i l u r e  

o r  fo r a n y  r outine ope rations by t h e  s i mple a c t  o f  c l o s i n g  a s w i t c h .  T h e  
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l � t n d J o n s  i n d • td e d  i n  th e P R O M  d t : v i c < : w i l l  n ot be d i s c u s s e -1 but may w · 1 1  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

g r·a ph s .  

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

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

Monito r T ype : 

Sc r e e n  S i z e : 

Ima g e  S i ze : 

Point Inten s it y :  

Cont ra s t  Ratio:  

W r ite T i me : 

Re g i s t ration : 

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

8 i n c he s diamete r 

1 02 4  by 1 02 4  Pixe l s  

6 bit s  

3 : 1  

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

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

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

Ra ndom point plot c a pa bi l ity 

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

T a b le V II 

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

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

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

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

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

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

M onito r T y pe : 

Sc reen S i ze : 

Point Inten s ity :  

Cont r a s t  Rati o :  

W r ite Time : 

Ima g e  S i z e : 

R e gi s t rat ion : 

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

1 0  inc h e s  d ia mete r 

6 bits  

3 :  1 

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

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

pl us  o r  minus  0 .  2 !  mm 

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

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

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

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

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

Table  V lll 

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

Cha ra cte r i s t i c s  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

rt- v i e w,  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

by I
l

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

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

M o n it o r :  

Image S i z e :  

Point Int e n s i t y :  

F un c t i on Memo r y :  

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

5 1 2  b y  5 1 2  

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

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

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

fun c t i on memory 

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

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

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

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

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

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

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

T able  IX 

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

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

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

the I ranian  g ov e rnment.  

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

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

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

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

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

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

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

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

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

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

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

Hadama r d  T ra n sform 

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

A fa s t  c la s s if ie r  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

monito r .  

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

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

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

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

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

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

th i s  t ime . 

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

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

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

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

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

the I S sy stem.  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Monito r :  

I ma g e  S i ze : 

Point Int e n s i t y :  

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

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

U p  to a 5 1 2  by 5 1 2 

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

U p  t o  8 bits  pe r pixel 

Any amoun t  de s i r e d  

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

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

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

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

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

Light Pen c a pa b il ity available  

Ta ble X 

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

Image Di s play System Capa b i l ity 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

R a mtck C o r po r at i on .  The a dd re s s  and phone i s  g i v e n  in A ppen d i x  A .  
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. ,  

S t a n d  A l on e  Sys te m s  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Di s play Sy s t e m :  

Com put r S y s t e m :  

Pc r i phe ral  E quipme nt : 

C omtal 8000  s e r ie s  

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

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

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

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

Table X I  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

s y s tem pe r iphe ra l s ,  

. , . ' 

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

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

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

Pe r i phe ra l s :  

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

Te r mina l 

Line P r inte r 

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

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

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

Di s play s y stem c ont rol  

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

F ilte r ing 

M en s u r ation 

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

T a ble X I I  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

requi r e d  info rmation . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

to s can an  image ) .  

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

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

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

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

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

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

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

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

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

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

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

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

map of  the ima ge .  

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

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

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

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

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

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

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

V i d i c on Scanne r 

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

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

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

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

Ima g e  M e mo ry U nit 

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

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

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

Ima�e A na l y z  r U n it 

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

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

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

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

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

Ta ble  X II I  

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

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

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

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

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

Two T a pe U n i t s 

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

Line P r inte r /  Platte r 

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

T a ble  X I V  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Labo ratory  ( I
2

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

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

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

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

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

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

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

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

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

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

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

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

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

ht !  re . 

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

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

D i s play Sy s te m :  
2 

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

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

Compute r Systetn Pe r iphe ral s :  

D i s c  4 .  9 M Byte 

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

Te r m inal  

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

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

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

T a bl e  X V  

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

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

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

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

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

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

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

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

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

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

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

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

l V ,  BA SIC , o r  HP.  

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

op rat i on s :  

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

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

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

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

r otate , and s c a l e ) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

c o lo r  pl ane s 

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

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

Comput e r  Pe r iphe r al s :  

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

Pap e r  Tapt> Reade r 

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

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

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

T a b l e  X V I  

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

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

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

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

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

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

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

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

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

Sto re Image 

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

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

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

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

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

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

M i n - max 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

D i s pl a y  Monito r :  

Re f r e s h  Sy ste m :  

C ompute r :  

C ompute r Pe riphe ra l s :  

Othe r C om pone nt s :  

Softwa re  Capa b i l it ie s :  

C on r a c  R H  

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

Point Int n ity : 3 2  

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

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

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

R K 0 5  Di 

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

Magnetic  T a pe U n i t  

J oy Sti c k  and u r s o r  

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

( Modified PE P 4 0 0 )  

Magnifi c a t ion 

Gra y S c a l e  ope rat ions  

Limit e d  filte r i n g  

L apla c ian 

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

T a ble  X V II 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

t od a y . T h <� A e r onut r on i c  F o r d 3 p< • k s y s t e m  i s  e s s  · n t i a l l y  s u  h a s y s t  m 
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e v e n  though t lw !:l o u r  · c i s a C R T .  T h l' s c r · en a n d  p r oj c c t wn sy stem i s  

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

l i ght beam s y s te m .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

i m a g • · d i s p l a y . 

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

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

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

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

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

p r o ble m s . The c on c e pt i s  h i gh l y a t t ra c t i v e . 
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A summa ry of the s e l f - i l l umina ting de vi c e s  i s  shown in Ta ble 

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

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

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

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

Beam A d d r e s s e d  

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

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

Mat r i x  Add r e s s e d  

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

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

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

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

5 .  LE D 

Table X V III  

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

Hig h  Pow e r  ( 1 W / M
2

) 

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

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

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

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

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

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

(Self  I lluminatin g )  

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

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

3 .  Oil F ilm Diff ract ive  

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

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

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

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

2 .  Colloidal Dipole Sus pe n s ion 

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

Ta ble X I  

V e r y E x pe r imental 

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

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

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

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

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

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

( L ight Valve s )  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

fo r the monito r  s y s te m .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ima ge being di s played.  

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

te c hn o l o gy in c lude : 

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

F lat fac eplate s 

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

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

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

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

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

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

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

me r c ial world ) . 

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

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

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

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

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

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

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

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

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

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

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

taken for the individual u s e r .  

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

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

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

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

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

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

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

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

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

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

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

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

• 



A P P E N D I X 

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

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

SOFT C OPY D E V IC ES 

• 



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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