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INTR ODUCT I ON

Historically the storage and display medium f o r  images  has

been film or paper. There is little reason to believe that the natural

preference will change , simply due to the fact that the image has been

collected or processed by digital techniques. Many reasons exist [or the

natural preference . not the least of which is the reluctance to change

on the part of the interprete r of the image data. There are, however,

substantial reasons why the preference should not change. Archival

storage is considerably simplified by film as a mechanism ~or storage

of image data , in that there are no highe r density storage media. if

several intt~rpreters in distant locations are to read the sarre image, 
then

film is the ideal mechanism for the transport of the image if it is desired

that ach interprete r view exactly the same image. With the soft

copy systems it is considerabl y more difficult to assure that the same

properties are displayed due to the variable characteristics of the display

system (m onitor). If film is used, it is relatively straightforward to assure

the quality of duplicate positive s or negatives. Perhaps the single most

important reason , however , for reliance on film is the size of the image

which can be written . Most display systems , using soft copy

dev ices, are limited to 2048 x 2048 pixels (e. g., the Dicomed D-36) and

many a r e limited to a 5 12 x 512 pixel display. Film on the other hand

tan easily be written at 4096 x 4096 pixels or greater. Whatever the

reason , film is , and will remain , an important element in the digital image

proces s ing  systeni .

The objec tive of the survey was to dete rmine thc type s of hard

copy devices avai lable , the relative advan tages and disadvantages , and

cost for the various systems. As in any survey, there exists no mechanism

to assure that all available devices are covered. This survey is no d i f fe ren t .

it is believed, howeve r , that most current technology is represented in the

results.



SURVEY TEcUNIQUE

The hard copy display system survey was based primarily on
the review of manufacturer literature. Some of the review, however, was

based on d iscuss ions  with users  of the var ious systems available. No in-

plant visits were made since there was little to be gained from viewing

the ins t rument s .  A l i t era ture  search was made to identify manufacturers

which mi ght have the capability to man~ facture hard copy cl-i~ play systems.

Each identified manufac turer  was contacted by telephone tc. request

detailed l i terature such as specifications to be mailed to the wri ter  for

review. It was noted tha t many of the potential suppliers of hard copy

devices were heavily involved with the manufacture of scanning mic ro-

densitometers and many of the inst ruments  were housed in the same piece

of equipment.  As a resul t , there will be a great  deal of commonality between

repor t s  on the surveys of the two types of ins t ruments .

Objectives of the ha rd copy display systems survey was to

review as many types of instruments as could be located . The key word

here is types . In many instances various manufacturers  are  offering almost

identical instruments , and i t  seemed unnecessary to include an exhaustive

survey of all of the specific systems. The survey was based on devices

which are “off the shelf”. Sing le instruments  which were built for singular

applications were deleted . It should be noted that many of the singular

applications were associated with a company ’s desire to build for their  own

in-house use.
Pr ior  to beginning the survey on hard copy devices , an attempt was

made to organize  the type s of systems expected. The urpose of the classifi-

cation or organization was to aid the writer in assur ing that the various types

would be represented in terms of real systems . The type s or classifications

were based on the wr i te r ’s experience with the hard  copy systems. No attempt

was made to ut i l ize  the classification in the documentation. Later in this

report  fact sheets on thos e equipments investigated will be found .
At the coarsest  level, hard copy systems may be classified in te rms

of the energy source used to write the image. The systems covered in the

survey tended to confirm the classification technique. In particular , the energy

sources include: electron beam recording , optical recording , and ink on pape
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techn ique s. Of these classifications, the optical recording te chnique s

represents the largest class and may be fu r the r  broken down into a numbe r
of subclasses. Only one electron beam recorder and one ink on pape r
recorder  were fowid to represent their individua l classes. The outline
shown below indicates the major and sub classes identified in the survey.

I. Electron Beam Recorde r (EBR)
II. Optical Recorders

A . Laser Devices

B. Incandescent Devices

C. Light Emitting Diode (LED) devices
D. Cathode Ray Tube (CRT) devices

Iii. Ink on Paper devices

Optical recorders may be alte rnatively grouped into the class
of mechanical techn ique required to cover the film sheet being recorded.
The mechanical techn iques are much the same required in the microdensi -
tometer systems reviewed in a separate report. The basic mechanical
systems include : flatbed devices, wherein the film to be writ ten lies on a
flat surface and the light beam is caused to move over the f ’Jm sheet or the
film sheet is moved in a plane unde r the light source; a rotating drum
device wherein the film is mounted on a drum which in turn is rotated
aroun d the light source such that a line is written during a revolution of
the drum or some fract ion of the revolution ; a rotating flat face which re-
f lects  the ligh t beam on the film sheet such as to wr i te  out a line of data
per revolution of the flat mirror  surface.

The CRT systems are very much like the fl yit~g spot scanne r
in that the ill uminated point under the electron beam traces out a prede-
termined patte rn , such as a raste r , with a modulated beam.

3



A still furthe r technique for classification of scanner type is

the beam versus the matrix address technique. No matrix address  schemes
were uncovered in the course of the review of the s ta te -of - the-ar t  made but
the approach would have much in its favo r if one were available in that  the
random address  capability could be used in a number of potentially
interesting applications. Many of the devices surveyed do have a capabi l i ty
which is close to the pure random address , in that a vecto- capability is

available. The option , if available , may prove very usefu l in a general
sense for both curve plotting as well as image generation .

Results  of the survey on hard copy devices are  presented as a
series of short descr ipt ions.  The reason for  this par t i cu la r  approach as
opposed to the I t matrix hi technique is to allow evaluation of each system
independently. If the data were a r rayed  in the usual matr ix  form , then it
would be impossible to avoid direc t comparison. It was bel eved that , sinc e

each manufacturer  of fers  a large number of options , a dir ~c t mat r ix compa r i s o n

would inevitably be unfair as it would be a difficult  if not impossible task to
indicate all of the options available on the comparison matrix

.4



DiSPLA Y SYSTEM SPECIFICATION S

No specific specifications were available to describe the

requirements tha t ETL mi ght have regarding hard copy display systems. it

doe. seem appropriate to mak. some comment regard ing  system level

specification. It a assumed that the ETL requi rements  must address both

the research and development act ivi t ie,  as well as some requirement for

high volume production of ha rd copy Image generat ion . ~hc two require-

ments are  not necessar i ly In conflict  with one anothe r , but l~ one were to

place high emphasis on the research and development, then the hig h volume

requirements may not be met .
Criteria which should be applied to a ha rd copy film wri ter

include many elements which relate to the specific application of the device.

There are ,  however , many which are rather Independent of the app lication.
It Is the applicat i~ ” Independent requirements with which this section is

concerned. Some of the parameter s  which are  genera l  in na ture are  outlined

In the following :

I . geometr ic  precision

2. radiometric precis ion

3. speed of w r i t e  (throughput  t ime)

4. color capability

5. aper tu re  selection

6. overlap

7. operabili ty,  maintainabil i ty,  and rel iabil i ty

A set of br ief  comments on each of these areas is included in the following

pa ragraphs.

Geometric Precision

There are  several  par ts  to the geometric p rec i s io f l  problem. The
f i r s t  of these is the orthogonal i ty  of axes.  It is normally assumed tha t the f i lm
w r i t e r  is to be used in a broad class of ope rations all of which are  dominated by
the dis tor t ion requirements .  Deviations f rom or thogonal i ty  cause a dis tor t ion
in the image displayed.
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In the  p rob lem of geo m et r i c  p r e c i s i o n , t he p o i n t - t o - p o i n t
acc u r a c y  must  be cons ide red .  The accuracy  of p l a c i n g  two p ixe l s  side by
side is of p a r t i c u l a r impor tance  in many app l i c a t i o n s  a rid in g e n e r a l  should
be of the o r d e r  of 0. 1 of the pixel  s i ze  ( e f f e c t i v e  ape r tu re  s i z e  on the f i l m) .

The accuracy  must  be cons idered  in both axes s imul t aneousl y such tha t
the ‘ms of both axes is less than 0 . 1 4 p ixels . In o rde r  to con t ro l  the bu i ld
up of e :ror  in a l a r g e  playback , the maximum e r r o r  between any  two points
ac ros s  t he fo rma t  (maximum) mus t  a lso be spec i f ied .  In gene ra l , this

maxi mum d i sp lace ment mu st be le ss than the s m a l le s t  a pe r tu re  to be used  in

th e p lay back of an image.
In many appl icat ions , i t is impor tan t  to cont ’~oi the e r r o r  in

rescanning  an image. As an example , a se quen t i a l  scan f or  co lor  is h eavil y
depe ndent  in  a qua l i ty  sense on the accuracy  in r e s t a r t i n g  the p lay back at

the c o r r e c t  point.  Any back las h in the d r i v e  sys tem that  is not m e a s u r e d  or

~r)mpensa ten  ~or wi l l  r e su l t  in i n t o le r a b l e  e r r o r s .  In g e n e r a l , t he e r r o r  shou ld
be less than 0 . 1 pixels  (using the sma l l e s t  a p e r t u r e )  in each axis .

Another  paramete r which re l a t e s  to the geome t r i c  p r e c i s i o n
is t he l ine  s t a r t  j i t t e r . The e r r o r  is s imilar  to the point- to-point  accuracy
noted in a previous p a r a g r a p h . In many ins tances , howevei  • the image is
m o r e  sens i t ive  to the line s t a r t  ~ r r o r  than the po in t -t o -p o i f lt  e r r o r  noted.
The l ine s t a r t  j i t t e r  is the e r r o r  made in s tar t ing  each new line of image
data .  If the e r r o r  is visible to the i n t e r p r e t e r , the i n t e r p r e t e r  will  tend
to  d i s t r u s t  the image genera ted .  The 0. 1 pixel per  axis  c r i t e r i o n  is g e n e r a ll y
acceptab le in the sense  of the po in t - t o -po in t  accuracy  noted above.

R a d i o m e t r i c  Prec is ion

R a d i o m e t r i c  p r e c i s i o n  is a g e n e r a l l y ignored  p a ra me t e r  in

s p e c i f i c a t i o n  of f i lm w r i t e r s.  In gene ra l , the eye is re la t i vel y in sens i t ive
to m i n o r  e r r o r s  in radiometry  (un le a s  it is d e s i r e d  to make a m e a s u r e m e n t
on f i l m  - if  t h i s  is des i red , the measurements  should be made l i r ec t l y with
th e di g i ta l  data base p r io r  to the purging of the di g ital f i le) .  The pr ohl~~m
that  doe s cause vis ible  degradat ion  is the number of bi ts  d i R p 1 ayed. If too
few levels a re  displayed , then the image may take on a mottled e f fec t  due to
‘bit contour ing ”. A minimum of 6 bits is recommended to reduc e the ef fec t
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(8 b i ts  would be p r e f e r r e d ) .  It should a lso  be noted th at  the obvious problem
of non-monotone  radiometr ic  t r a n s f e r is pa r t i cu la r l y bad. As to a specifica-
tion , the racliometric e r ro r  should not exceed plus or minus 1 /2  of the least
s ign i f i can t  bit  of the image data (that is the e r r o r  should not exceed approx-
imatel y 0. 01 of the maximum for a 6 bit sys tem) .

Two other areas  which a re  closel y re la ted  to the r ad iome t r i c
p rec i s ion  e r r o r  and which a re  f requen t ly  overlooked a re  tho3e associated
with the min imum intensi ty  des i red  a nd t he maxi mu m ra t e  cf change of t he

si gnal  l eve l . Ma ny of the devices used for  the li g ht source cannot  be ex-
tinguished completel y without severe repercuss ions  in h a r d w a r e  complex i t ies

(t his occurs on cer ta in  lase r  sys tems).  If a l a s e r  device is considered with
or without optical modula tora , then a hig her  allowed minimum in t ens i ty  will
s implif y the desi gn . Obviously the s imp ler des igns  have a very  favorable
impact Ofl costs.  The maximum rate of change of signal (ra i iorne t r ic)  is
one of the subtle problems that  is a lmos t  neve r specif ied.  If the si gnal changes
from full on to full  off  in one pixel d i s tance , the di gi ta l to ana log c o n v e r t e r s

and following electronics are “ s t r a i ned’ . The bandwidth of the system is
de f in ed by the rate of cha nge of the si gna l ra ther  than the pulse width. Use
of pulse width to define bandwidth is an approximation commonly used.  The
ef fec t  may generate radiometr ic  e r r o r  or even oscil lat ion in the radion -ietric
output if the design does not allow for  the rate of change phenomena. The

usual  “fix ” is to slow the ins t rument  down thus impacting the throug hput tim e
for a playback .

Wri t ing  Speed (Throughput  Time)

Wri t ing  speed has been one of the most thoroug hly specified
pa rameters  in hard copy display systems. The writing speed , of course ,
de te rmines  to a very large extent the throug hput time required to disp lay
an image . Almost  all  major developments in fi lm wr i te r s  during the past
several  years have been in response to ever inc reas ing  demands to dec rease
throughpu t time. Laser devices a r e  the indus t ry ’s answe r to the l imit ing
speed . The laser  systems are  required for the very  fast  throug hput t ime
in o rde r  to get the power on the f i lm to a suff ic ient  level to produce the
desired exposure. Such systems are , of course , much more expensive.
In many instances the devices have compromised geometric precis ion 
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ra di( ,metr ic f ide l i ty  in o rd er to redu ce cost  to a n acceptable le vel . Some

of the problems which have resul ted  f r o m  the very  fas t  systems include:

hig h fog le vel du e to inco m plete ext inc tion o f the opt ical  beam , d i f f icu l t i es

with reciproci ty  fa i lu re  in the f i lm (which is r a r e l y accou nte d f or b y the

m a n u f a c t u r er s ) ;  and excessive costs for  the system. In gen .~ral . the speci-

f ica t ion  should attempt to call  for  the ve ry maximum throug hput time to

reduce or eliminate the need for  the laser systems.

Color Requirements

Color requirements have not been clearl y established in

the digi tal  image processing field , especially in the hard copy disp lay

systems. There have been limited studies with soft copy devices which

tend to indicate tha t color will be of value in the general ized in terp re ta t ion

problem. Color as discussed herein  means al l  app lication8 such as: t rue

color (i. e .,  obtained f rom photography ) ;  false color (multiple image overlay

us ing color for  the d i f f e ren t  images);  and pseudocolor (such as rep lacing

gray  scale values with color on an “a rb i t r a ry  basis ”) . It is believed tha t

color should be seriousl y considered for hard  copy app lications in any

digital image processing facility. There are several parameters  which

should be specified when considering a color recorder  which diffe r f rom

those of a standa rd black and white system. The additionai parameters

include:  color plane regis t ra t ion  accuracy;  spectral  purity of the individual

color sources;  and the span of the color space such as the CIE color volume.

Reg is t ra t ion  of the color images should be of the order  of 0. 1 pixels

per axis (consistent with the geometric proper ties  of the black and white

reco rde r s  previousl y discussed) .  The color parameters  are not so easily

established due to the general lack of knowled ge of color vision properties of

the observers .  Additiona l in format ion  must  be made available f rom the psycho-

visual community before any specific pa rameters  can be established.

Aperture Requirements

Specification of a set of apertures for playback systems is one

of the most critical parameters available to system designer  and user .  The

aperture acts as a fina l f il ter  in the image process ing chain and as such can

8



be used to enhance or degrade  the f inal  product. A g rea t  deal of ca re  should
be exerc i sed  in se lect ing the ape r tu res  to be used in any play back system.
(The problem is equally severe in the soft copy devices but is ra re l y recog-
nized as such . )  There are  many ape r tu r e  forms available inc luding various
shapes , sizes , and shadings. The shaded aper tures  are  those in which
the t ransmissive portion is modified to produc e a variety of responses. The
aper ture  shapes should inc lude the square, circula r , and rec tangular  at the
minimum. The recommended shapes of square , c i rcu la r , and rectangular
a r e , based on the wii t e r ’s experience, the moat useful . In some instances ,
othe r shapes such as elliptical and t r iangular  could be of som e value but are
at a much lower priori ty than the basic shapes . It should also be noted that
the latter sha pes are  ra re ly encountered but could be of value in cases where
the resolution of the ori gina l photograph y of di gital base is characterized by
non-symmetr ic  spot shapes. As to sizes , the minimum size should be consistent
with the intended application . At this time it seems unlikely that sizes less
than 5 micrometers  would be of use due to l imitat ions in fllm and f inal  p rod uct

dimensions. The maximum size should not be much g rea te r  than 1 . 0 mm for
most practical  applicat ions (tha t is , a 512 x 5 12 image would be of the order
of 51 . 2 cm on a side which is more than enough). The range in aper ture
size should be broken up into 10 or 15 segments with 10 being a convenient
si ze, although the number of segments is not a part icularly severe res t r i c t ion
of the system , since the p r imary  impact is in the film size to be handled. If
one were to hold to standard film sizes , such as 35 mm, 70 mm, 100 x 125 mm ,
etc .,  then only 6 or so apertures  are  required.  The limitation depend s upon
the sizes of the images to be displayed as well ; it is assumed that the image
size will be of the order of 512 x 5 12 , 1024 x 1024 , 2048 x 2048 , 3072 x 3072
picture elements . Any special confi gurations must also be specified. The
aperture  shading is a particular problem as it is r a re l y considered in the
general  play back system. In many cases it is desirable to limit the high
frequency response of a playback system for  noise control or for  enhancement.
The effect  is easily obtained if the clear  aper ture  is shaded by reducing the
optical t ransmiss ion  as a function of position within the nominal ape rture.
Several shadings have been proposed in recent studies inc luding: triangular
Gaussian, ainc (sin x / x) ,  sine squared , hanning and Hamming . Each of

9



the windows noted has a par t icular  reason fo r  be ing ,  which will not be dis-
cussed in the context  of this repor t .  It is su f f i c ien t  to note that each is
symmetric and expandable in the fo rm of a cosine powe r ser ies ;  in general ,
any shaded window funct ion should have the symmetric  form for  control of
undesi rable  side lobe phenomena. An excellent r e fe rence  on the window
functions is “Measurement  of Power Spectra ”, by Blackman and Tukey
published by Dover. The shaded windows are d i ff icu l t  to manufacture
mechanically in terms of “cutting ” metal , howeve r , they a re  relat ivel y
easy to build photog raphicall y. The photographic techniqu.~ will usual l y
a l low for easy manufac ture  of special forms as the need a r i se s .  The
abi l i ty  to implement shaded ape rtures should be ser iously cons idered. It
should be noted as a fina l comment , many have considered the use of over-
lap of spot to accomplish a form of approximate shading with binary ( o f f - o n )
windows. The approach is a worth candidate for  furthe r study. Howeve r ,
it is noted that  such an approach would have the effect  of s ignificantl y
inc rea s ing  the amount of data to be handled and would r esu ’t in addi t io nal
computing required to produce the overlapped image m a t r i x .

Overlap Requireme nts

A very  closel y related problem to the a p e r t u r e  effects is
that  of over lap introduced in the p reced .ng  paragraph.  Overlap is defined
here in  as the amount of common pixel ene rgy  allowed by the system and
wil l  be given here in  as the pe rcent of common space occup~ed by two pixels
(t hat is . 100% overlap will correspond to two pixels occupy ing the same
f i lm space). The specified amount of overlap will have to be consis tent
with the tota l or overal l  system accuracy  requi rements  and will have to be
given with respect to the ape r tu r e  size. If the overal l  accuracy required
i~~ 0. I pixel per axis , and the minimum ape r ture  is 5 m ic rome te r s , then
ove r lap  capabil i ty is in integer  mu l t i p les of 10% (i .e . ,  1 00%, 90%, 80%,
etc. , to 0%). Spatiall y the over lap  var ies  in mul t ip les of 0. 5 micrometers.
The spatial  in te rva ls  of 0. 5 micrometers are  too small to he pract ical
(anything less I . 0 mic rometer should be viewed with suspicion). In the
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manner  of a compromise , the speci f ica t ion  should a l low step size of 1.0
micrometers  and the user  can then set whatever overlap is desired. The
required step size and overlap problem is less than sa t i s fac tory  for  the
minimum aper ture  size. Some specification should be made regard less  of
the problems.

Operability, Maintaina bility, and Reliability

Operability, maintainability , and reliability ~pe.ification on
the playback system a re , if anything, more cri t ical  than thnse for  other equip-
ment in the digital image processing facility. Many of the potential systems
concepts a re  extremely complex in obtaining a playback system. It is also
impo rtant tha t the equipment be relatively simple to operate and to maintain.
Specifications should be prepared to indicate, at the minimum, the opera-
tiona l constraints under which the equipment must  function . The scope of
this report does not include a detailed review of the operational constraints
expected at ETL . It is in the nature of a caution that the operability, main-
tainabil ity,  and reliability are noted herein. Other users cf hard copy
systems have reported conside rable problems with respect to these areas.
A detailed review of the experience of other users is strong ly recommended
to determine the appropriate requirements on these areas. A series of
repor ts  was sent to Mr.  L. Gambino summarizing some of these problems
with respect to the Per kin-Elme r (Boiler & Chiveng Division) PbS model
l O l O A  microdensitometer. The specific device problems are  summarized
in the following documents:

1. “Preliminary Recommendation for Film Print irg with
the Boiler & Chivens PDS Model 1O 1OA Microdensitometer”,
R. P. K ruger for The Aerospace Corporation June 5, 1975

2. “A Partial Evaluation of a PDS Microdensitometer”, J. Geary
et al Optical Sciences Center , Universi ty of Arizona , Tucson ,
Arizona , August , 1975

3. “Selection of Device Parameters f o r  Film Printing with the
Boiler & Chivens PbS Model 1O1OA Microdensitometer , ESL, Inc .
Report Number 8649 , 30 April 1975
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S U R V E Y  RESULTS

Results of the hard copy system survey are  summarized
in the following section . Many details were omitted in the inte rest of
readability of the report. The objective was not to produce large quantities
of documentation but were to produce a review of the current  s ta te-of- the-
a r t  in hard copy play back devices . Detail data sheets as rciade availa ble
by the various manufacturers  can be provided if desired.

A list of manufacturers  covered in the course of the hard
copy display survey is given in the attached appendix along with addresses
and phone numbers as available.

The survey result s are presented in the alphabetical order
of the manufacturers. No attempt was made to organize the devices in
accordance with the technique used. The technique will be described as
appropriate unde r the individua l device/manufacturer.

In some instances well known manufac tu re r s  have droppe d
product lines relating to the hard copy systems. In some of the cases ,
the product line has been taken up by new companies . The new manufacturer
will be given as the manufac turer  but the former will be identified as

appropriate.
As indicated earl ie r , the results are given in the form of

descr ipt ive pa ragraphs to allow independent evaluation of the basic
ins t ruments  and available options. Each organization is covered in isolated
sections.
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California Computer Products, Inc.

California Computer Products (Calcomp), .thc . produces

a film write r system which is nominally directed to the computer graphic s
industry. Howeve r , several organizations have successful ly used the
devices as an image printing device. The primary problem noted in the

earl ier  Calcomp devices (and also noted in the current  vers ion)  is the limited

gray scale available (typically 32 levels). Two such devices are  manu-

factured by Calcornp (to the wri ter ’ s knowledge) namely, the Model 835

and the 1675 Graphic Corn System. The Model 835 is an ‘lde r vers ion and

will not be described in detail herein .

The 835 plotter system will plot a matrix of 1100 x 1700

elements with up to 5 bits of gray scale. The in strument , one of which is

located at The Aerospace Corporation , plots pr imari ly on 35 mm film .
(Panatomic X film is required for gray  scale images .)  The 835 plotte r
uses a CRT (fl ying spot technique ) to generate the “image ” . Spot size is

of the orde r of 25 micrometers (0. 001 inches) yielding ~ maximum image

size of approximately 28 mm by 43 mm (1. 1 inches by 1.7 inches).  The

basic system has the capability of random address and vector generation .
As indicated previously, the Calcomp 835 is primarily directed toward

the general computer graphics requirement, but the wr i te r ’ s exper ience

has shown that some reasonably good image (continuous tone ) cha rac te r i s t i cs

are possible.
An improved version of the 835 is current ly being manu-

factured by Calcomp as Model 1670 Graphic COM Recorder .  The device

is , in general , an electronic digital incremental printer. The output can

be taken in the following formats :

16 mm (sprocketed or un sprocketed)

35 mm (sprocketed or un.sprocketed)

105 mm (full frame or microfiche).

The 35 mm and 16 mm sprocketed camera s are pin reg istered with suf-

ficient accuracy for  strip char t ing ( f rame-to-frame butt”~g) or movie

gene ration .
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As in the case of the 835, the 1670 record’~r is a CRT
device with 16, 384 addressable positions in both x and y axes. The

plotting area or the CRT face is 7. 94 cm x 7. 94 cm ( 3. 125 inches).
General cha racterist ics of the Model 1670 are tabulated in Table I.

Tape Unit

Memory

Read/Wri te  Tape Car t r id ge Transport

Microfilm Recorde r (CRT System)

Minimum line width: 10 micrometers

Linearity: better than 0. 5% (full f rame )
Accuracy:  ± 0. 5%
Stability: Approx. 0. 1% / 8 hours
Line generation rate: 5 Ms.

Speed: 400 , 000 increments/ sec .
Resolution : 4096 x 4096 spot positions
Addressable Points: 16. 384 x 16. 384

Intensity Levels: 32

Software (Standard)

1670 Host computer basic software

1670 Graphic controller software

1670 PRJNTSIM

Table I

Calcomp Model 1670 System

In addition to the “line ” generation capability noted previously,
the 1670 alphanumeric capability with the capability of plotting at a rate
of I cha racter every 25 microseconds.

The Calcomp systems are not recommended for  the general
digital image display requirement due to the low number of gray scales
available. The system may be , however , of interest as a general plotte r
for any digital computing facility.
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Dicomed Corporation

Dicomed Corporation manufac tures  three  d i f ferent  image
recorders  (hard copy devices)  which might be of in teres t  to digital
image processing facilitie s . Many organizat ions  are  cur rent ly using
Dicomed recorders  as a p ar t  of the basic image processing facil i t ies.
Dicomed has primarily made use of the CRT type playback system (some-
times termed a flying spot scanner). Each basic system is discussed in
the following pa ragraphs.

D-40 Digital image Recorde r

The Dicomed Corporation D-40 Di gital Image Recorde r is
essentially a stripped down version of the D-47 recorder  discussed in a
later pa ragraph . The ins t rument  is supplied as an OEM device only and
includes only the CRT and control e lectronics .  The user must supply any
needed optics , came ra s , and control panels required.  No fu r the r  discussion
will be given at this time. The interested reader is r e fe r red  to Dicomed
for  fur ther  information. The address and phone numbe r is included in the
appendix.

D-46 Black and White Digital Image Recorde r

The Dicomed Model D-46 Digita l Image Recorder is a black
and white system only. The basic specifications were not provided by Dicomed
in the initial da ta t ransmi t ta l.  The device may not be available at this time .
As currently understood , the D-46 will pe rmit up to a 2048 x 2048 image
display with the ability to format  data into quadrants . While the specification s
were not sent , the imagery looks very  much like 6 or 8 bits of gray scale
are available. The interested reade r should contact Dicomed directly.

D-47 Digita l Color Image Recorde r

The D-47 Digital Color Image Recorder is the basic sys tem
built by Dicomed for  hard copy applications . The D-47 is current ly  in use
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in many facil i t ies concerned with digital image p rocess ing  and thsplay

of data. Cha racter is t ics  of the basic devict ~ a re  shown in Table 11.

image Size: Low resolution 5 12 x 512 pixel ( s t a r d a i d  CRT~
Medium resolution 1024 x 1024 pixels ¶ s t a n d a r d  CRT)

High resolution 2048 x 2048 p ixels  ( st anda rd C R T )

Frame Size: (ef fec t ive  r e c o r d i n g  area  on f i lm)

70 mm f o r m M  (54mm x 54mm)

105 mm f o r mat  (~~7mm x ~7mm)

4” x 5” fo rmat  (86mm x 86mm)

Resolution : CRT ( s t anda rd)  2000 resolvable  lines as
measured on Ek tach rome  type 6 1 1 5  fi lm

Geometric Accuracy :
Matr ix  orthogonalit y: 0. 5% (0. 25% typical)

Mat r ix  r ec tangu la r i ty : 0. 3% max (0. 15% typical)
Line curva ture  (pincushion) :  0. 3% max (0.15% typical)
Spatial repeatability: 0. 03% typical O. 05% max

Point spacing l ineari ty:  0. 25% typical , 0. 5% max

Photometric Characteristics:

Exposure range:  2 . 0 D (density uni ts)

Exposure Uniformity:  0. 075 D~~iensit y uni ts)

Input bit size: 8 max

Recording Speed:
Spot exposure time 30 microseconds (max) in log mode

I/O time 2 microseconds max

Adjacent spot positioning time : 8 microseconds max

Random posit ioning time : 1. 0 millisecond per axis

Fly back time : 1.0 millisecond

Color Prope rties:
Phosphor: P48

Blue f i l ter :  W ratter #47

Green f i l ter :  Wrat ten #58B

Red Fi l ter :  W ratten #25

Table Ii

Cha racteristics of the Dicomed Model D-47 Color Digital Image Recorder
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An optional CRT is available for  use in the D-47 which will pe rmit an
increased resolution. The resolution increases f rom the 2000 lines noted

above to 3000 resolvable lines . The result in image generation is to
increase the resolution of the displayed image by a factor of 2 in each axis.

The CRT spot size is given as 35 micrometers  for  the standard CRT and

20 micrometers for  the hi gh resolution system.

Image generation for  the seve ral modes is accomplished

by using multiple spots to obta in the desired final spot effective size. In

the low resolution mode the system uses 16 spots to create a single pixel,
in the me dium resolution range four  spots a re  used to create a single pixel ,

and only a single spot is used to create the pixel in the high resolution mode.
The Dicomed Model D-47 may be used directly w ith a tape

unit as a stand alone device w ith instructions issued f rom a control panel,
or may be operated by a host computer system with the commands and

data through a “ standard” Dicomed 8 bit parallel request acknowled ge

interface.
The control panel will permit the following ope rations to

be initiated from the panel word size selection (6 or 8 bit), random hori-

zonta l position , random vertical position , resolution selection (high ,
medium , low), film advance , normal or image complement, linear or

log selection , filter selection (red , green , blue or neut :al ) ,  and othe r

system requirements such as data start , initialization, end of line , end

of image , image waiting, etc .

Basic image display is in a normal raster mode with each

pixel sequentially addressed and each word representing the exposure
value of the pixel in question . Pla yback time in the raster mode is relatively

rapid. Using a standard CRT a 2048 x 2048 image can be displayed in 4. 5

minutes in full color with the log mode activated. The optional high resolu-

tion CRT will perform the same task in 16. 5 minutes.
Costs of the D-47 recorde r are relatively modest. The

basic instrument is $43 , 500. Options recommended would include: hig h
resolution tube ($5 , 750), high uniformity module ($4 , 200), character and
test pattern generator ($3 , 750), and film holder accessories (up to $1 , 200) .
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D-163 DiRital Graphics System

The Dicomed D-163 is an of f - l ine  digita l graphic s support

system designed to produce hard copy data for  eventual i~nterpreta t ion .

The system will provide a full  graphics capability as well as support

image generation (continuous tone) .  Dicorned Corporation intended

to address the commercial market  with the D -163 , howeve r , it seems that

the capability would be of significant value in the general  dig ital image

processing facility.
Elements of the D-]63  include the following hardware  items:

Dicomed Model D-47 Digital Color Recorder

Digital Equipment Corporation P D F I J / 0 5  Computer
with 16K words of memory

Dua l Density Tape Drive (9 tr ack , 80~ bpi N RZI
or 1600 bpi phase encoded)

Digital Equipment Corporation DE Cw r iter 11
terminal

A software system is included which will permit test operations and a

serie s of application s programs .
Cha racter is t ics  of the display system are the same as

the D-47 previously described. Annotation capability of the system will

allow a 64 character  font with 8 d i f f e r en t  sizes and up to twelve colors.

System costs were  not made available at the time of the

survey,  it is estimated that system costs will be of the orde r of $100 , 000 .

As indicated earl ier , the system would seem to be a valuable aid to the

digita l image processing facility.
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image Graphics,  Inc.

Image Graphics manufac tu re s  an electron beam recorde r
( E B R )  which appears interest ing as a basic hard  copy 3ystem. It is under-
stood tha t the device was originally developed and produced by CBS labora-
tories who has “ tu rned”  ove r the ri ghts to the device to Image Grap hics.
The original device was designed and developed f o r  use h) NASA (Greenbelt ,
MD) for  use with the Earth Resources Technology Satellite program.

The basic principles involved in the use of an electron
beam to wri te  an image on film a re  not the purpose of this report  but some
basic theory wifl aid the user .  A v e ry  brief review of the principles of

operation of the EBR is presented in the following p ar a g r a ph.
In the simples t sense , the EBR system is ncthing more than

a d i rec t  wr i t ing  of an electron beam , suitably modulated , ~n photographic
film . The entire system is , however , maintained under hig h vacuum.
An electron beam is emitted f rom a directly heated the rmionic cathode ,
accele rated (potential of approximatel y 15kV),  focussed and deflected by
electromagnetic coils , to an electron sensitive film. The resultant film
is then processed in a conventional manner.  Image data is processed in
a “ standard” video channel wherein the data is conditioned prior to the
application of the signal to the grid of the emitter system for the modulation
of the emitted beam. The video channel is normally used to produce in-
verted data (positive/negative),  gamma correct ion , as well as other cor-
rection s which might be required. The primary problem in the EBR system
has been the development of a hi gh voltage coup ler which operates at hig h
bandwidth. Typically the bandwidth is of the orde r of 10 MHz and the
voltage level is of the orde r of -15kv . A beam cu r r en t  servo system is
used to maintain constant exposure of the film . Deflection of the beam to
scan across  the film is accomplished in a var ie ty  of ways including: analog
deflection of the beam , ii~ ’~j o~ of the film , or corn binatiors of the two
methods. Control of the beam is used in many instances to e f f ec t  correc-
tionS to the imagery during the record mode . These correct ions general ly
include : beam abe r ration geometry,  limited exposure correct ions , and
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so me sensor  sys tem  (u r r e c ’t i o n s  (d is tor t ion , et . ).

image Graphic s , Inc . manufac tu res  twelve  d i f f e r e n t  v er s i o n s
of the EBR . Model numbers 2016 , 2035 , and 2 105M have the same
spot s ize  (2 to 3 mic romete rs  spots) with the major d i f fe rence  between
devices being the s ize  of the film used (ranging f rom 16 mm to 125 mm).
All other models are  cha rac te ri zed  by spot sizes of 5 mic romete rs  with
the exception of Model number  2240U which has a spot s ize  of 7 m icro-
mete r3 . In addition to the va r iation in fi lm size and spot size , Image
Graphics produces a var iat ion based on the type of f i lm t r anspor t  mechanism
rang ing  f r o m  pin regis tered , sprocketed , unsprocketed , and a multiformat .

The basic  EBR system consists of the following components:
Electron Optics and Controls
Film Transp ort  and Drive
Automatic Vacuum System
Random Access  Beam Positioning Unit

(32K x 32K )

Alphanumer ics  Generator
Vector Gene ra tor

Digital Input Inte rface
Optional i tems (some of which will be necessa ry  f o r  an y continuous tone
imagery)  include :

Process  Control

Disc Unit

Tape Units

Graphics Ar t s  Character  Gene rator
Raster  Scan Genera to r

Continuous Tone Recording Capability
(required for  continuous tone imagery)

Variety of Optional Film Transpor t  Mechanisms
The option list  should be careful ly reviewed for  the specific app lica tion

planned if such a device is seriously considered. Functional charac te r i s t i c s
of the EBR system a re  summarized in Table Ill.
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Spot Size : 2 .0  to 7.0 micrometers
Resolution: 200 lp/mm 16 mm f i lm

150 lp/rnm 35 mm film
150 lp/mm 70 mm film
100 lp/mrn 125 mm film

75 lp/rn m 240 mm f i lm
100 Ip/mm 105 mm film

Dynamic Range: 100/ 1 with D max of 3.0
Film Capacity: 30 to 120 mete r s
Geometric Distortion : 0. 05% standard
Beam Address  Matrix:  32K by 32K
Scanning Rates : 250K poin ts/ sec  in incremental  mode

1000K points/ sec  in stroke vector  mode

Table III
General Cha racteristics of EBR Systems

On the basis of the brief review of the EBR systems presented

herein  the electron beam devices appear to be an excellent system for  the
general  digital image processing facili ty. The high re solut ion , r e la t ivel y
fas t  response capability makes the device a t t rac t ive  f r o m  ~he viewpoint of

a general  g raphic system as well as the digital  image (or  continuous tone)
ha rd copy system. Costs of the system is relatively high in that the basic
system ranges f rom $149, 000 to $180 , 000 and the required/recommended
options adding an additional $50 , 000.
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information Internationa l Inc.

Information International  Inc. (UI ) rrian x fac tures  a range

of equipment fo r  the record ing  and digitization of image data . The devices
a re  of extremely hig h quality and general ly  ve ry  expens.ve;  f o u r  are

covered in the survey .  Each of the devices is descr ibed  in the fol lowing

paragraphs.
The f i r s t  device is the PFR-3  (Programmable  Film

R e a d e r/ R e c o r d e r ) .  This nomencla ture  indicates tha t it is both a digi t izer

and recorde r . The digi t izer  port ion is covered in the survey report on

m ic r o dens i tometera . The basic  p r inc i ple of the PFR~ 3 is that of CRT
technology.  The CRT syste m is hi ghly c o r r e c t e d  in the omputational

subsys tems and also appears  to be of a natura l ly hig h quality . The
m a n u f a c t u r e r s  of the CRT w e r e  not g iven.  The total sys tem consists

of the following elements:  a programmable light source (scanne r CRT) ,

a signa l process ing and logic unit , a monitor and control  disp lay subsystem,

and a cent ra l  p rocesso r . The CRT system performs in both the recording

and digitizing mode. The cha rac t e r i s t i c s  of the CRT system will be

covered in the fol lowing table s . The si gnal process ing  and logic unit are

as plot control  and d isc re te  posit ioning.  The monitor  and control disp lay

equi pment is the p r imary  man-machine interface with the systems. The

subs ystem cons is t s  of a monitor CRT with the following propert ies:
Size :  2 1 inch rectangula r tube

Phosp’~or:  P7 (blue green)

Resolution : 800 TV lines

Spot size:  20 mils
Re f resh:  From CP memory

Display posi t ioning:  Elect romagnet ic

U a e: To scan computer output

Input devices: Key boa r d , li ght pen , 2 foot pedals

The central  processor  is of III design and ih not a standard unit. It is

recommended tha t the interested reade r contact III for  fu r ther  informat ion .
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Cha racter is t ics  of the ha rd copy device are  given in Table IV
CRT Propert ies:

Size : 12 .5 cm (5 inch) with 7 .5  cm by 7. 5 cm disp lay
Phosphor: P-24 (blue green)

Resolution : 6000 TV lines
Addressabil i ty:  16 , 384 by 16 , 384 with 4. 7 micrometer  rast er
Spot s ir e :  Programma ble f rom 3. 6 micrometers

19. 6 micrometers
Linearity: 0. 05%
Repeatability: 0. 025% or I p ar t  in 4096 long term

I p ar t  in 16 , 384 short term
Positioning time : 3 microseconds for  adjacent points ,

35 microseconds for  extreme p&nts
Computer correct ions to CRT:

Dynamic correction for  distortion , astigmatism, focus , beam
size and shape .

Output image Properties:

Gray scale 64 levels

Density range: 0 to 3. 15 (other ranges available as option)

Film T ransport:

70 mm , 35 mm , 16 mm size camera s availa ble

F rame positioning: 25 micrometers

Table IV

Characteristics of the Information International PFR-3

Costs for  the PFR-3  is approximately $465 , 000 with basic
software , computer system and othe r required periphe rals .

The second ILl system reviewed is the PFR-4. This sys tem
is not available at this time as the development is yet to be completed. The
basic d i f fe rences  in devices is the increase in resolution crom approximately
16 , 000 by 16 , 000 points to 64 , 000 by 64 , 000 points. In addition to the
increased addressability , the PFR-4 of fe r s  an increase in speed f rom 3
microsecond. to 0. S microseconds for  adjacent points . Principles of
operation are , howeve r , the same as that of the PFR-3. it is recommended
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that fu tu re  e f f o r t s  on the PFR-4  he carefu l l y monitored as it may well
be the best system availa ble for  black and white recording.  One addi-
tional improvement is the increase of the gray scale capability to 9 bits
(5 12 levels of gray) ,  with a writ ing speed of 400 , 000 points per second
at the 9 bit data .

Costs of the PFR-4 a re  not known at this t ime.
The next ILL system reviewed is the COMp 80 Publication

System which is primari ly directed toward the publication market  for
text management and printing on film. The device is very simila r to
the Model FR-80 which will be discussed in the next system descri ption.
The COMp 80 consists of the following units or subsystems :

Control Input (ASR 33 teletypewriter, pa pe r tape , and punch)
Da ta Input (Magnetic Tape Unit , 800 bpi, 9 track , 45 ips )
Central Processing Unit (LU 1-15 computer)
Recordin g Unit (CRT , cha racter stroke generator ,

camera mount and came ra) .
Option s include a wide variety of camera systems rang ing f rom 16 mm to
21 5 .9  mm x 298. 5 mm (8. 5 in x 11 in) with a variety of sprocketed ,
unsprocketed , and pin registrations. The one particular option required
for general use as an image processing tool is the full graphic s package
which will permit up to 9 bits of gray scale . Color recording is also
available .

The FR-80 represents the top of the line as far  as image
processing equipment is concerned.  Like the othe r III systems , the FR-80
is based on fl y ing spot recording technology using a CRT system as the
optical source . The basic elements of the FR-80 are:

Central Processing Unit: (programmable, 8192 18 bit
core memory control logic , data buffer , and
stored program control)

Control Input: (ASR-33 teletypewriter, paper tape punch
and reader)

Data Input (Magnetic tape unit and control)
Recording Unit: (Hig h resolution CRT , came ra and camera

mount , camera , vector generator , charac ter  generator,
and CRT monitor).
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Seve ral option s will be required for  full utility in the general  image
processing facil i ty.  The required options include : gray ievel recording
(allows up to 256 levels of g ray ) ,  color recording (which may require
a specia l CRT), and othe r associated peri pherals (such as extended
core memory) .

Specific cha racter is t ics  of the FR-80  are  summarized
in Table V , based on the minimum required options .

Image Gene rated Cha racter is t ics:

Image addressed points: U p to 16 , 384 points x 16 , 384 points
Image resolution : U p to 4096 x 4096 pixels
Gray scale: U p to 9 bitr  per color plane
Film sizes: 16 mm to 215 .9  mm x 298. 5 mm
Spot size and shape : 8 programmed levels and spot

shapes available
Characte r genera tor :  128 to 240 cha racters  stored
Wri te  Speed: Binary images approximately 1 secon d

Gray scale images (4096 x 4096 at
6 bits) approximately 30 seconds
(some question as to the actual time)

Table V

Information International

FR-80 Graphic Recorde r Cha racter is t ics

Costs of the FR-80 are  not quite as hi gh as the PFR-3 but
are  st i l l  s ignificant.  Basic system costs with the required options will
run between $280 , 000 and $300 , 000 for  a moderate system. The cap-
ability for  expansion and the quality are not matched in many othe r systems
available on the market.
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Marco Scientific

Marco Scientific is the responsible organization for  the
Joyce Loebi systems. Only one hard copy device was provided in response
to the survey in quiry. The system is called Joyce Loebi Filmwrite 2 .
Principles of operation and specifications are described in the following
pa ragraphs .

The system consists of a rotating drum around which the
film to be written is mounted. The digita l image data is used to modulate
a light source (type unknown) for  imaging onto the film. The drum rotates
to expose a line of data and the car r iage is indexed to a new position for
the next line. The system is loaded with roll type film allowing space for
up to 300 images . One of the interesting features  of the system is the
“built in ” a~ ~omatic film processor.  The instrument delivers a f inished
print  to the user  at a collection bin built into the instrument. No dark
room facilities are required. The type and manufac tu re r  of the film
processor is un known. Types of film required were not specified.

Specifications provided are  summarized in the following
table (Table VP.

Ope ration: Fully automatic

Picture size: 254 x 267 mm

Picture inversion: Positive/Negative

Resolution: 8 line pairs/  mm
Input data : 8 bit binary (the image matrix size was not given)
Tota l process time : 16 minutes (to finished print)
Picture source: Computer (interfaces unknown), radio link

(bandwidth , and other link pa rameters
unknown), telephone link (pa rameters are
unknown)

Table VI
Cha racterist ics of Joyce Loebi Filmwriter 2

On the surface , the Filmwrite 2 appeais to be an interesting
instrument due largely to the capability of built in photo-processing. Further
review Is recommended.
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Mead Technology Laboratories

One of the most unusual hard copy systems surveyed is
the Data Digital Graphics Gene rator (DDGG) manufactured by Mead Tech-
nology Laboratories (MTL). The system utilizes an ink-on-paper technique
wherein a four color (cyan , magenta , yellow, and black)ink supply is “ sprayed ’
onto the copy medium. The copy medium may be paper , t ransparency or a
simila r material. One of the most obvious advantages is the immediate
availability of the image (i. e .,  no photographic laboratory is required) .
The basic system also produces a large hard  copy format  (up to 102 cm
by ISZ cm (40 inches by 60 inches).

The system utilizes a patented system of electrostatically
credit dot matrices which is built into the basic system . The images are
generated by up to 40 , 000 ink drops per second. Cha racteristics of a
basic system are shown in Table VII.

Operation: Ink on pape r

Format: 100 c m x  150 cm (40 in x 60 in)
Dot size: 0. 127 mm
Pixel size: 4 x 4 dot matrix (0. 508 mm x 0. 508 mm)

(approximately 28 pixels/ cm)
Number of g ray  levels: Up to 60
Wri te  speed: 90 minutes for  100 cm x 150 cm image

(must  use full  size)

Table VII

Mead Technology Laboratories
Digital Graphics Generator

(Bikini Printe r)

Costs for  the DDGG are  of the order of $250 , 000 .
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In addition to the DDGG system previously described ,
MTL also is building a laser printe r which is designed to direct l y wr ite
onto paper in a large fo rmat .  The system is pr imar i ly concerned with
the printing of alphanumerics but is claimed to have the cauability of
some gray scale using a 4 x 4 print ing (half tone) matrix 6or each pixel.
In operation , the system uses a laser beam which is swept ac ross  the
film sheet. The film sheet is held to a concave platen by a vacuum hold
down techn ique . A mirror  system is dr iven to cause the laser  beam to
travel  across the film sheet. The beam is modulated in an of f -on  fashion
with the input data . The curved platen reduces the need for  correct ion
optics to produce the usua l fla t f ie ld . In essence , the system looks like
the “Bikini”  pr inte r previously discussed with the exception of the use
of f i lm and the laser wr i te  mode. Cha rac te r i s t i c s  of the system , called
the Digital Laser  Printer are shown in Table VIII .

Format size: 364 mm x 610 mm (14. 3 in x 24 in)
Dot size: 0. 063 mm
Pixel size: 4 x 4 matr ix (0. 0445 tm-n cen te r s )
Number of gray levels: 60 cla imed
Printing time : 2 . 5 minutes  fo r  f uj i  f rame

Table VIII

Mead Technology Laboratories
Digital Laser Printer

A brief description of the Digital Laser Printer  is given in
the Journal of the American Society of Photogrammetry,  Photogrammetrj c ,
Engineering and Remote Sensing. Vol X LII no . 5, 1976 (page 703) .

Costs of the Digita l Laser Printer are  of t~’ie order  of
$100 , 000 to $200 , 000.

No immediate application for eithe r device is seen for
either MTL system.
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Optronics International,  Inc.

Optronic s In te rna t iona l, Inc . ,  manufactures  several ser ies
of hard  copy devices including both flatbed and rotating dium type s. Both
color and black and white systems a re  manufactured.

The f i r s t  system to be described is the Photowrite System
P- 1500 . The P-IS00 is a hi gh speed , rotating drum film wri ter .  The
optical source is a light emitting diode which is modulated with the desired
intensity. The system is capable of moderately high recording rates up
to 60 , 000 points per second . The f i lm is exposed along the c i rcumference
of the rotating drum. Af t e r  each rotation , the drum is stepped along the
axia l direction in prepa ration fo r  the next line of data . A summary of
pertinent cha racter is t ics  is given in Table IX.

The system costs va ry  between $27 , 682 and $46 , 134 depend-
ing upon the options selected. The second system by Optronics surveyed
is also a rotating drum scanner  but does use a light emitting diode (LED)
a r r a y .  The standa rd instrument , designated as system P-1550 Photoplot
Mark  I , is desi gned to handle binary images , however , one option does

allow for  64 levels of gray. The system is briefly described in the next
pa ragraph.

Film is loaded into the rotating drum in a dark room environ-
ment . The loaded drum is remounted into the ins t rument.  A multiple
head LED a r r a y  is driven by 8 single bit digital input s ignals  such that
points 50 micrometers  square are  formed around the c i rcumference  of
the fi lm (50 micrometers  fo r  each diode). The data then covers 400 micro-
meters for  the instantaneous diode a r r a y .  A f t e r  the exoos,ire the drum steps
400 micromete rs  for  the next set of data . The system is J irnited to a 50
micromete r resolution and 50 micrometer  ras ter .

The option package offered circumvents some of the problems
noted above . The options allow a 25 micromete r aper ture  and raster as
well as 64 levels of gray over the range of 0 to 2 . SD (density units) . The
basic cha racter is t ics  of both the standard and options are  given in Table X.

Costs for  the P- 1550 with an assortment of options , including
25 micrometers  aper ture  and r a ø t er  and gray  scale , will be of the order
of $92 , 000.
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Output Specification:

Maximum format  20 cm x 25 cm

Maximum photographic density 2 . 5 (specula r density units)

Scanner Specifications:

Aper ture:  square (12 .5  micrometers, 25 micrometers
50 micrometers, 100 micrometers;  and 200 micrometers )

Raster:  (orthogonal)
Models 10 , 30C: 50 , 100 , and 200 micrometers
Models 20 , 30D: 25 , 50 , and 100 micrometers
Models 40 , 30E: 12 .5, 25 , and 30 micrometers

Density:
Range: 0 - 2 . 5 D
Resolution: 64 gray levels

Positional Accuracy:

x axe s - 2 micrometers RMS
y axes - 2 micrometers RMS

Data Rates:

U p to 60 KHz f rom computer , 36KHz from
from magnetic tape (8 bit)

Tape Unit:
7 or 9 track (to 800 bpi) NRZI
Tape speed 45 IPS
Data rate 36 KHz

Table IX

Optr onics Model D- 1500 Photowrite
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Standard: Black and White  ( b i n a r y )  gene ration

D r i f t - f r e e  ope ration
50 micrometer aper ture  and raste r
Ape rture - square only
Multiple head plot (8 LED’ s)

43 cm x 56 cm image size
Record rateb to 200 , 000 points /sec
Positional accuracy to + 2 micrometers
Density repeatability to + 10%
Data rate ZO O KHz max
Auto zero

Drum speed: 3 rps
Plot time (43 cm x 56 cm) 8 mm

Options: Automatic ha lf-tone screen gene ration

Fixed 25 micrometer aperture and ras te r
Gamma correction

Color separation products
64 levels of gray
Format to 91 cm square
Density range 0 to 2 . 5 D
Record rates to 400 , 000 points/sec

Table X

System P-1550 Photoplot Mark  I
(Optronics International, Inc. )
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The third Optronics system reviewed is the. P- 1700 Photo-
mation Ma rk II. The system is a “total” device in that both image scan
(samp le and quantize) and image playback are  p er fo rmed  in the same
instrument .  Only the hard copy playback will be discussed herein . The
scan portion is described in the survey report on microdensitometers by
M. M. Irvin .

The write mode for  the P- 1700 is essentiall y the same as
for  the Model P-1500. Table IX summaries those basic properties.  The
standa rd output image format  is 12 . 5 cm x 17. 5 cm with options of
25 cm x 25 cm , 35 cm x 43 cm , 43 cm x 56 cm , and larger dependin g
upon the system.

Costs for  the P- 1700 range f rom $47 , 600 to $83 , 300
depending upon options selected.

A rotating drum system capable of color image generation
is available f r o m  Optronics as the C-4000 series . Only two of the C 4000
se r ies , the C 4300 Colorwrite and C 4500 Colormation systems , are
suita ble for  color image generation. The two instruments  have essentially
the same play back characterist ics, but the C 4500 Colormation system
has a color scan capability. Only the color wri te  capability will be
addressed herein.

Digital image data f rom the computer is conve rted to analog
signal for  plotting on film . The unexposed film is mounted on the rotating
drum which is mounted in a li ght tight cassette. The film is exposed by
pulse modulation of a light source f rom a “ white ” li ght glcw crate r tube.

The “ modulated” light beam is focussed  onto the film plane through a
precision lens and ape r ture  system. The color wr i te  is accomplished
through three sequentia l exposures through computer control of red , green ,
and blue f i l t e r s . The fi lm is exposed at every ras ter  point along the cir-
cumference of the rotating drum . Af te r  each rotation , the drum is axially
stepped for  the next line . Modulation of the glow crater  tube is of the
order  of 100/ 1 which produces a dynamic film density of approximately
2 density uni ts .

Table XI presents a brief summary of the characterist ics
of the C 4000 Colorwrite system.
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Film Format :  20 x 25 cm, 25 x 25 cm , 35 x 43 cm

Apertures  25 , 50 , 100 , and ZOO rrucrometers .
Special aper tures  on request .

Illumination Spot Sizes: 25 , 50 , 100 , or 50 , 100 , 200
mi~ rometers

Ras ter s :  Sa me as ape r ture  systems

Pixel Scale Factors:  1:1 , 1:2 , 1:4

Positional Accuracy:  2 micrometers RMS

Density:
Range 0 - 2 density units

Resolution : 32 true co lors /pr imary  color

64 levels of gray in black and white

Data Rate: 28 Kbps

W rite Time: 25 cm x 25 cm @ ioo mic r omete r
raster  in 10 minute s

Table Xl

Optronic s C 4000 Colorwr ite Character is t ics

Costs for  the color capability in the C 4300 Colo rwr it e

range  f rom $54 , 200 to $60,700 depending upon options selected. The C-4500

Colormation (which provides both color scan and w r i te  canability ) costs

range f rom $76 , 200 to $~ 08, 400 depending on options for  a i  on-line s y s t e m .

The stand alone devices would , of course , require a computer and periphera ls

which will not be discussed here.

The last Optronics system reviewed in this survey is the

Hig h Resolution Flat Bed Scannin g and Writ ing System (Model 5-3000

Specscan). The S-3000 system provide s both scan and wri te  capabilities.

In principle , the Specscan is nothing more than a massive

stage on which the f i lm to he scanned or writ ten is mounted on a flatbed.

The stage is caused to move in some prescr ibed p at t e rn  ur ,der computer

control .  A readout system continually monitors the stage in both x and y

coordinates . In the write mode , a modulated white lig ht source is used

to expose the film sample. The film is mounted in interchangeable cassette s

fo r  ease in handling.
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A su m m a r y  of the S-3000 systcm cha r a ct e r i s t i c s  is shown
in Table 1V . The model used was IX . The model used ~~~ S-3400 Pnoto-
mation Mark  IV .

Base: Precision Granite
Positioning: Independent x - y stages on self

cleaning air  bearings
W r i t e  Area :  25 cm x 25 cm
Rotary  Control: 360 °

Project ion Screen:  Variable magni f ica t ion  f r o m
25 to 400 X

Stage Encoder: Glass, + 1 micron accuracy

Apertures: 8 provided (customer to specify)
Color Fi l lers :  Manua l switch (motor ized as option )
Gray Scale • Up to t 4  levels

Table XII
Optronics S-3400 Photomation Mark  IV

Costs for  the basic ins t rument  is approximately $118 , 000 .
A ser ies  of option s a re  available which should be ca re fu l ly  reviewed.
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Perkin-Elmer

Perkin-Elme r ma nufac tures  a precision mic rodensitometer
with a hard copy capability through their Boiler & Chivens Division Divi-
sion. The ins t rument  is designated as the Model 1010 . Details of the
hard  copy ope ration for  both black and white and color art. given in the
following paragraphs .

The basic properties such as scan properties , mechan ica l
pr ecision , and optical properties a re  basically control led by the micro-
densitomete r system. The photographic play back is an option
which may be acquired with the microdensitometer.  There are  two version s
of the Model 1010 noted as the A and G version . The A is a steel stage
while the G is a granite stage . The basic techn ique is the same in eithe r
system and only the A model will be described he rein. ‘the basic system
is a two axis flatbed device in which each axis is driven by a precision
DC servo motor. Feedback tachometers  are  used to insure stability and
uniformi ty  of motion. Stage position is provided by mete r indicators on
the control system rack. The position readout is upda ted each micro-
meter of sta ge travel. The entire system runs under the control of a
mini-computer either the Digital Equipment Corporation PDP 11/05 or
the PDP 8.

The play back option includes both a black and white system
using an LED (Light Emitting Diode) or color using a three gun CRT to
produce the color through a set of three fi l ters . Basic cha racter is t ics
of the system are shown in Table XIII .

Specific character ist ics  of the color playback system are
of particular interest  in that both a CRT system and stage motion are
used in achieving the image. Many options are  available especially in the
area of selection of the color charac te r i s t i cs  of the system. in essence
the user may custom dt~sign the spectral f i l te r rt quired for  matching any
film type.
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Stage Proper t i e s :
X and Y ax i s  t r a v e l  2 5 cm
X and Y axis  repeata bilit y 1 m ic romete r

Stra i ghtness of t r ave l  5 mic romet e r s

Axes orthogonali ty 5 seconds of a rc

F l a t n e s s  of platen t ravel  5 m i c r o m e t e r s

Stage rotation 360 degrees

Linea r Optical Encoder :

Accu racy  e r r o r  not to exceed 1 microrr ,eter  per
mm of t rave l , o r to exceed 3 micrometers  tota l
s tage t r ave l .

Scann ing Rate:  maximum of 60 , 000 micrometers/ second

Black and White Play bac k :

Source:  LED ( red  band)

Spot Size: 2 to 500 mic romete r s

Spot Shape : Square , c i rcula r , r ec tangula r

Color Play back:

Source: Three gun CRT with spectral  f i l t e r s

Type : Sequential Red , Green , Blue

Table XIII
Cha racterist ics  of the Perkin-Elme r I O I O A  System

Resolution : 5 to 50 line p a i r s/ m m  ( I t )  to 100 pi x e l s/ mm )

Exposure:  10 microseconds nominal , ad jus table  to 100 nh ic rosec

Da ta handl ing
t ime:  32 microseconds

Maximum pixel
f r e q u e n c y :  23. 8 KHz at 10 microsecond exposure

7 .6 Kllz at 100 microsecond exposure

Maximum wri te
ra tes :  33 minutes  per square  inch at !0O pixe l s/mm

2 minutes per square  inch at 10 pixe l s/mm

Pixel smear:  6% with !0 micron pixel at 60 mm/ second
20% with 10 micron pixel at 200 m m / s e c o n d

Dynamic range:  Up to 100/ 1 by amplitude modulation , each
gun is sepa rately adjusta ble over a range  of
1000/ I

Gray levels: U p to 1024

Spectral out put: Selecta ble by chang ing bank pass f i l t e r s ,
Total range l imited to 0. 365 mic romete r s  to
0.68 mic romete r s  by CRT phosphor .

Ta ble X 1V
Charac te r i s t i cs  of The P erk in - Elm e r  Color Play back Option
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Costs for  the play back options for  the Model lO lGA microdensito-
meter range from approximately $5 , 000 for  the black and white system to
approximately $18 , 500 for the color option. The costs a r e  in addition to
the basic cost s of the microdensitomete r system which can run close to
$100, 000 depending upon options.



CBS Laborator ies

Laser record ing  devices have been m a n u fa c t u r e d  by many

d i f f e r e n t  organizations  but few have been developed to th e  point of “ fu l l ”

production.  Many of these organizat ions  were  contacted with  respect to

the status of t he i r  laser  recording systems with the r e sult  that the com-

panie s a r e  no longer interested in future  development. This portion of

the survey was a si gnificant disappointment. It was felt that at least one

laser  device should be described to comp lete the survey .  The only dev ice

to be discussed is the CBS LIPS (Laser  Image Processing System) . It

should be noted that  CBS is no longer  manufac tu r i ng  the LIPS. The ins t ru-

ment is now the proper ty  of EPSCO who have also decid.~d not to con t iiue

with manu fac tu r i ng .
Details of the LIPS are  very sparse due , probabl y, to t he

confusion as to the manufacturer .  Table XV presents  the genera l  character-

ist ics of the basic record mode. The LIPS is also used in the scan and

dig itize mode and the reader is re fer red  to the Survey report on Dig ital

Scanning Systems by M. M. Irvin. The basic device is a rotating drum

type with the fi lm mounted around the periphery of the drum. The laser

beam is deflected on the film. Details of the modulation technique are

unknown as a r e  the extinction properties.  Several LIPS scanners/record-

ers have been procurred by the government. It is recommended that the

interested reader contact one or more of the users of the system. One

user of par ticular  in teres t  is the Range Measurement  Laboratory (RML)

at Patr ick Air Force Base , Florida.

One eva luation which was performed on the LIPS device is

reported in the following reference:

H. C. Andrew s, “Dig ital Fourier T rans fo rms  as
Means for Scanner Evaluation ”, Applied Optica,
Vol. 13 No. 1, January 1974.

The referenced article point s out many of the difficulties of the laser

devices alluded to in an earl ier  section of this report. One of the major

problems noted is the line j itter or line start e r ror .  The artifact is most
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bothe r some to the  u s er .  In the p a r t i c u l a r  sys tem th e  image data is de-
f le c ted  onto th e .  f i l m  by means  of an e ight  sided m i r r o r .  R e a r i n g  w e a r
account s, most l ikel y, for  the ef fec t .

Based on capabilities of current l y availa k-le sys tems , no

laser recorders  would be recommended. The fu tu re  sh -~uld br ing  some
signi f icant  improvements in the s t a t e - o f- t h e - a r t .

Film Chip Size: 70 mm x 100 mm
Electronic Aper tu re :  512 , 1024 , 2048 , 4096 pixels
Output Levels: 8 bit s (256 leve 1s~
Maximum Densi ty:  2. 56 Dens i ty  Uni t s

Spot Cha rac t e r i s t i c s :

size: 10 , 20 , 40 mic rome te r s
shape: Liaussian , e l l ipt ical  capabi l i ty

Resolution: 37 . 5 , 19. 8 , 9.4 l ine p a i r s / m m
Magnificat ion:  8X , l6X , 32X
Framelet  Size: 10.2 , 20. 5, 41 .0  mm
W r i t e  Time: 9 minutes (1024 x 1 024 p ixels )

Table XV

CBS LIPS Recorder Charac ter i s t ics
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CONCLUSIONS A N D  RECOMMENDATiONS

Results  of the survey on hard copy systems was highly
disappointing in that little was found that is new . The F~.asic system

type s seen included fl ying spot scanning, a few laser devices (mostly

“ one of a kind”),  rotating drum with incoherent sources , and several

flatbed systems based on microdensitometer techniques. No one instru-

ment seemed to fit general requirements in terms of accuracy in both the

spatial and photometric sense or general  utility. The color hard copy

systems are  less common than one might expect with cur ren t  interest

in wide dynamic range display. Perhaps one of the most troublesome

problems is the speed of response associated with the zeviewed hard

copy systems. Most of the systems reviewed are  very slow , too slow

in fact , to be of any real value in a “ nea r ” pr oduction environment.

The few systems seen which are suitable for  production activities are

very expensive due largely to the inclusion of additional functions

(such as graphics and alphanumerics) .

As f a r  as a ranking of instruments fo r  a hard copy system ,
none can be made without a detailed review of the applications intended.

It doe s seem that the highest quality instruments are  those from

Information International, Inc. howeve r , the specific systems are

among the most expensive. At the next level of quality, the Dicomed
D-47 seems to be of sufficient quality to meet most reasonable require-

ments . The primary problem with the Dicomed system is the small

image size capa bility (up to 4096 x 4096) . The EBR should also be satis-

factory for most applications , howeve r , the instrument is quite complex

with the requirement for  vacuum and special controls.
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APPENDIX

ORGANIZATIONS SURVEYED

FOR
HARD COPY SYSTEMS CAPA BILITY
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The following is a list of organizations and associated

addresses which were contacted for  data regarding hard copy capability.

1. California Computer Products , Inc.
2411 W . La Pairna
Anaheim, CA 9280 1
Telephone: (714) 821-2011

2. CBS Laboratories
227 High Ridge Rd.
Stanford , CT 06901
Telephone: (203) 327-2000

3. Dicomed Corporation
7600 Parklawn Ave.
Minneapolis , MN 55435
Telephone: (6 12)  888-1900

4. EPSCO
411 Providence Hwy.
Westwood , MA
Telephone: (61 7)  32 9-1500

5. Image Graphics , Inc.
1525 Kings Highway
Fairfield , CT 06430
Telephone : (203) 336- 1778

6. information International
5933 Slauson Ave .
Culver City, CA 90230
Telephone: (213)  390-86 11

7. Marco Scientific
P. O. Box 2699
Santa Cla ra , CA 95051
Telephone: (408) 739-9418
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Addresses (Continued )

8. Mead Technology Laboratory
Research Park
Dayton , OH 45432
Telephone : (513)  767-7004

9. Optronic s International, Inc .
7 Stuart Rd.
Chelmsford , MA 01824
Telephone: (617) 256-4511

10: Pe rkin-Elme r Corporation
Boller & Chivens Division
916 Meridian Ave.
South Pasadena , CA 91030
Telephone: (2 13)  682-3391
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