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INTRODUC TION

Recent research and development within The National Cash
Register Company has resulted in a new technique for the storage and
retrieval of document images. This technique has made very high
density document storage practical at reductions of 200:1 and greater.
Miniaturization of document image size to this degree makes feasible
a relatively simple, high-speed, random access capability. Writing
and storage rates of 7200 image fields per hour seriallyand 4300 per
hour randomly are envisioned. In the retrieval mode of operation,
when recording the output on film, rates of 36,000 per hour serially
and 10,000 per hour randomly, are expected. In addition to the ability
to create static photomemories, this technology provides a new capa-
bility in document manipulation by its ability to alter the stored docu-
ment image by erasure and rewriting.

The equipmentdescribed in this paper provides one form of
photochromic mechanization and, with respect to hardware, a number
of alternate approaches are possible. However, a specific configura-
tion leads to a clearerdiscussion ofdetails than would be possible with
the more general approach. The system to be discussedhas not been
built, beyond a breadboarding of some of the functions.The laboratory
studies have indicated that this system is not only feasible, but that it
is well within the state-of-the-art. Examples of outputcopy from this
type of memory system are shown in the Appendix.

PHOTOCHROMIC COATINGS

NCR photochromic coatings are similar to photographic emul-
sions inappearance andin other properties. They canbe made to re-
tain two-dimensional patterns which are opticallytransferred to their
surface; they can be, in general, coated on the same types of subst-
rates as photographic emulsions; and they can exhibit excellent re-
solution capabilities. Inaddition, both positive-to-negative anddirect-
positive transfers are possible.
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Photochromic coatings differ from silver-halide emulsions
in a number of respects. Since the photochromic coatings consist of
a molecular dispersion of reversible light-sensitivedyes in a suitable
coating material, they are completely grain-free and are inherently
high resolution coatings. Further, no developmentprocess is required.
The image appears as the individual molecules are switched from the
visible-light transmitting state to the visible-light absorbing, or
colored, state (or the reverse situation, switching from the colored
to colorless state) by radiation of the proper spectral distribution.
All the materials presently in use switch to the colored state when
subjected to near ultraviolet radiation. Switching to the colorless
state can be accomplished either by heat and/or visible illumination of
the proper spectral distribution.

Photochromic coatings which are relatively insensitive to
erasure by visible light are called heat-erasable. The coatings
erasable by visible radiation are called light-erasable, although they
too are erasable by heat. Since the spectral region used for reading
written images is alsothat used for erasing the light-erasable coat-
ings, readout tends to erase the recorded image. To alesser degree,
this is also true of the heat-erasable coatings. By taking into account
the energies involved, system design can permit thousands of read-
outs before severe loss of contrast in the image occurs.

The colored state of the photochromic coating is a higher
energy stateand, therefore,is unstable. A natural decayoccurs to the
colorless state whichis temperature dependent. At room temperature
and in the dark, the half-life can be measured in terms of hours for
some coatings. In the dark and under refrigerated conditions achiev-
able by standard refrigeration equipment, the half-life of the colored-
state decay can be extended to years.

The quantum nature of the molecular switching mechanism
coupled with the absence of a development process, which acts as an
image amplifier, leads to low photosensitivities for photochromic
coatings. Thus, reasonably fast exposures require light sources of
high intensity. To date, achievement of adequate exposure of a micro-
image field in terms of hundreds of milliseconds has been practical.
The speed is a function of the particular optical configurationused, as
well as the properties of the light source. Such speed considerations
dictate that the input to the micro-image system shouldbe in the form
of transparencies.

Another restraint, though not serious for many micro-image
applications, is the fatigue, or wear of the photochromic coatings with
use. This wear factor is primarily a function of the number of ex-
posures to near ultraviolet for a given field (or frame). A life ex-
pectation which appears reasonable with some presently available
materials is 1000 ultraviolet exposures. End-of-life is associated with
the inability to read what is considered a necessary initial contrast
for overall system operation, and will differ with the application. This
factor cannot be compensated for by increasing the exposure.




Working with suitable optics, photochromic coatings have
retained patterns with resolutions greater than 1000 lines/per milli-
meter. Acceptable images of ordinary documents reduced 200 to 400
times have been obtained. This corresponds to area reductions from
40,000 to 160,000 times.

In summary, the spectral absorption curves of Figurel
illustrate some of the important characteristics of a typical coating.
The first is that the coatingabsorbs selectively in the visible spectrum
when written, i.e., it is color-
ed rather than gray or black.
This implies that maximum o PRECEDING
readout contrast will be ob- S— e
tained through the use of filters ; u'é%',‘g,,
matchedto the absorption of the 3 MAXIMUM
coating. The second character-
istic is that the absorption is a
function of the previous ultra-
violet exposure and cantake on
all values between Curves | and 2
3. Thus, though the individual
molecules switch in a binary
fashion, the coating exhibits
excellent gray-scale capa- 1
bilities. The third character- X
istic is that there is always a + N
tendency for the coating to re- MILLIICRONS
turn to the ground state, Curve P
1. As the coating undergoes
fatigue, the height of Curve 3 Figure 1. Typical Spectral Absorption
will gradually decrease. Curves of a Photochromic Coating

ABSORPTION

A

PHOTOCHROMIC MICRO-IMAGERY

With the availability ofa material possessing the character-
istics described above, there arises a new capability for the storage
and retrieval of document images at very high packing densities. This
capability is primarily based on the followingproperties of the coatings:

1. High resolution with no grain
2. Image visible upon exposure
3. Erasure and rewrite capabilities

High resolution without grain leads to veryhigh-density docu-
ment storage. For example, at 200:1 reduction, a single cabinet can
store all the documents in 40, 000 cabinets. Thus, 6-1/4 square feet
of filing floor space can replace one-quarter million square feet of
filing floor space. Of course, such a comparisonis anoversimplifica-
tion, but it relates the magnitudes involved when storing at such a re-
duction.




Image visibility upon exposure offersimmediate inspection,
when desired. This inspection is possible prior to, during, and after
exposure. Immediate visibility also leads to immediate readout, if
desired, without a wait for a development process. Immediate in-
spection capability implies that the user can have a guarantee that a
useful image has been recorded. If a faulty image occurs, it can be
rewritten while the original is still in position for recording. With
such a guarantee, there is likely to be much less reluctance to store
thousands of micro-images on a single storage plane.

With silver halide systems, one or more faulty images (not
sensed until after development) could make the whole memory plane
useless. At one image a second, a 100,000 image plate would take
approximately 28 working hours to fill. Under suchconditions a prac-
tical system would require an almost 100% yield of suchmemory planes.
The practical solution with silver halide systems is tolimit the capa-
city of the storage plane so that reasonable yields are obtained and a
rejected plane does not represent a considerable loss, economically
speaking.

The ability to erase and rewrite supplements the ability to
engage in continuous inspection. A storage position need not be lost
by the appearance of an imperfect image. It might be erased and re-
placed by one that is satisfactory. In addition, erase and rewrite
capability brings to document image manipulation some of the same
power and economy that digital computers have brought to digital data
processing. Optical techniques allow manipulations within a document
while at the micro-image dimensions. It is possible to erase a part
of as well as the whole micro-image field and to write into the erased
portion or a portion previouslyunwritten. An example of this operation
is given under the section describing the operational procedure.

The basic micro-image concept has been known for over one
hundred years. The photochromic version is illustrated in Figure 2.
It has added the additional features of immediate visibility on exposure,
erase and rewrite. In essence, any micro-image system reduces a
document to minute dimensions from which information may be ex-
tracted by subsequent enlargement.

The erasing tendency of the readout process makes it necess-
ary tominimize the exposure (product of the radiant power density and
time) of the photochromic coating during readout.There are readout
techniques available whichare compatible with this requirement. Such
techniques permit thousands of readouts from a given photochromic
micro-image. They are based on the use of high-sensitivity, photo-
sensitive surfaces for readout as compared to the sensitivity of photo-
chromic coatings.

It has been shown feasibletobulktransfer at the micro-image
dimension an entire plane of photochromic micro-images to a high-
resolution,silver-halide emulsion. Thus, a technique is available for
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Figure 2. The Basic Photochromic Micro-Image Concept.



making the entire memory permanent. Thistechnique promises to
overcome many of the objectional features associated with the direct
writing of great numbers of micro-images onto a silver-halide emul-
sion. The bulk transfer process is relatively nondestructive to the
photochromic micro-images so that upto a hundred or moretransfers
can be made before the micro-images suffer appreciable erasure.

Reverse bulk transfer, photographic micro-image to photo-
chromic micro-image, is also feasible. The number of allowable
transfers backand forth is a function of the reduction used, the detail
in the document, and the acceptable quality of the eventual output. The
most straightforward scheme for document input and output calls for
the use of regular microfilmtransparencies. With such an input-output
organization, photochromic micro-image stores can be made compatible
with many present-day operating systems.

GENERAL APPLICATION

The information cycle, typical of many storage and retrieval
applications, is showninFigure 3. Printeddatais received and analyz-
ed to determine which index terms are to be associated with the docu-
ment. An index code is created and the document is placed in a file.
A user interacts with the index and the file, obtaining ideas and facts,
and eventually starts the cycle over again by generating a newdocument.

PRINTED IDEAS AND
DATA ANALYSIS FACTS
I
I
|
|
-
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Figure 3. Typical Storage and Retrieval Information Cycle
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For this type of system, the file is a natural application for
the micro-image store. The index can be maintained separately from
the file. The index code has associated with it the document memory
location. When the index is interrogated, the location of data is
supplied tothe off-line memory mechanism which finds the image and
copies it. With this organization, the micro-image memory is com-
patible with any type of analyzing and indexing system maintained at
any level of mechanization.

The photochromic micro-image memory can also handle a
wide range of other applications. Among these are those of business
record-keeping, record updating applications, files requiringperiodic
purging, and micro-image publishing.

GENERAL MECHANIZATION OF A PHOTOCHROMIC MEMORY
SYSTEM

The general mechanization philosophy presented inthis sec-
tion is a result of the research studiesto be described later. No com=-
plete micro-image memory has been built as such, and any hardware
effort would undoubtedly result indepartures fromthe systemdescribed
to best meet specific requirements. However, the mechanization de-
scribed is both feasible and practical.

The purposeof thisdescription isto provide some indication
of system feasibility, potential, and simplicity. The description is
functional in that only the major units in the device described are
blocked out, and detailed discussions of these units are omitted. This
approachis necessitated by a number of factors: some of this informa-
tion is still proprietary; optimum design has not been established in
some of the areas; and the major recent effort has been concentrated
on generating basic data in the laboratory. However, the simplicity
of the system should suggest a number of alternate approaches for
achieving the required hardware to those skilled in the art.

The systemto be described is shown in Figure 4. The capa-
bility of this particular configuration by no means takes full advantage
of the unique properties of a photochromic memory. The capability
shown was chosen, rather, as a representative and relatively simple
example of how one might go about calling out such a memory which
takes advantage of some of the characteristics of photochromic coat-
ings.

The mechanization is quite simple in principle. Properly
filtered near-ultraviolet radiation is directed through the microfilm
transparency and into the micro-image forming optics. These optics
form a miniature image on the photochromic coating, where it is re-
corded. To read out, the microfilm aperture is cleared and properly
filtered read-light passes through the system to the photochromic
micro-image. The read light passing through the micro-image is
intercepted by the read optics andan enlarged image is formed on the
sensitive surface of the output microfilm.
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Figure 4. Photochromic Micro-Image Mechanization

The proper control of the system of Figure 4 can be partially
satisfied by having the functional input instructions automatically con-
trol the filters, shutters, cycle times and microfilm mechanisms.
For example, the read, write and erase operations require special
spectralbands and relative intensity adjustment. An instruction call-
ing for one of these operations can automatically actuate the filter con-
trolmechanism to place the correctspectral and neutraldensity filters
into position. In addition, the instruction could set the shutter speed
for that particular operation. For read, this implies the proper se-
quencing of shutters as well. To insure proper exposure a monitoring
photodetector is called for in a feedback stabilization circuit.

Other operations, such as memory field location on the
photochromic plate, can be introduced as specific instructions. A
manual operation capability is desirable for special types of operation,
setup, testand maintenance. Mostof the control functions are straight-
forward and, for the anticipated speeds of operation, are well within
the state-of-the-art.




The inspection stations provide a means for viewing micro-
images (or unwritten fields) before, during or after any of the opera-
tions. This inspection can be carried out at any time for the micro-
image on the optical axis.

DISCUSSION OF INDIVIDUAL UNITS AND FUNCTIONS

Primary Light Source. Theprimarylightsourceis required
to emit actinic radiation in the near-ultraviolet for write and in the
middle ofthe visible spectrum for erase and read. In addition, it must
be of high intensityand the luminous area should be nolarger thanthat
which is acceptable by the entrance pupil of the micro-image forming
optics when used with the selected condensing system. The mercury-
arc concentrated light source has been found satisfactory for this
application. The unwanted radiation is suppressed by the filters men-
tioned previously.

Collector Lens System. The collectorlens systemis selected
to properly illuminate the micro-image forming optics as well as to
make efficient use of the light emitted by the light source. For best
results, the microfilm frame is located just to the right of the final
collector lens.

Micro-Image Optics. The micro-image forming and readout
optics are selected for field dimensions and the maximum number of
lines per field. The latteris the important optical consideration rather
than lines per millimeter. As all parts of a document require equal
legibility, in general, the micro-image formingoptics should produce
equal resolution over the whole field. Some image distortion is per-
missible at the micro-image dimension as it can be corrected by a
compensating distortion in the readout optics.

Shutter and Film Handling Mechanisms. Shutter and film
handling mechanisms appear to offer no severe problems and are
obtainable either by purchase and modification or by special design
and construction. The shutters can be placed at other positions along
the optical path if special considerations warrant, as can the filters.
The film handling mechanism on the input side may include a rack-over,
or equivalent, capability for clearing the field during erase.

Storage Plane. The storage plane consists ofa photochromic
coatingona glass platebetween 10 and 20 incheson a side. The micro-
images are typical documents reduced from 100 to 300 times. At 200
times reduction and 8 by 10 inch originals, a 16 by 16 inch plate can
store well over 100,000 images (500 per square inch) with adequate
surface left for mounting borders.

Digital Servomechanisms. Digital servomechanisms for
accessingthe storage plane are available which can step up to 500 steps
per second. A l-mil tolerance for positioningappears reasonable and
the overall servo-design is relatively straightforward.




Dust and Temperature Chamber. The dust and temperature
chamber contains the photochromic storage plane, the micro-image
optics, an air gauge focusing mechanism and equipment for providing
the bulk transfer of the photochromic memory plane micro-images to
a high-resolution photographic storage surface. An interlock chamber
is usedto minimize dirt andtemperature variations when moving com-
ponents into and out fromthe mainchamber. The simple home freezer-
type refrigeration equipment requires no special care and can be ex-
pected to maintain a temperature of -40°C or Fin the main chamber.
The air for the air gauge mechanism must be dry and clean. This air
is expectedto maintainthe chambersunder a slight positive pressure.
The bulk transfer mechanism is still under development and is of a
proprietarynature which precludes further discussions concerning the
technique or equipment.

Inspection Stations. The inspection stations intheir simplest
mode are used for direct viewing. For more elaborate systems, an
output could be provided to a television monitor by use of vidicon or
flying-spot scanner sensing. With a raster signal available, high-
speed automatic particle (dirt) sensing before exposure is quite feas-
ible. With additional hardware, a television difference signal could
also be generated in a number of different ways from the mic¢rofilm
transparency and the written image; this technique would permit auto-
matic checkingbefore the subject microfilm frame is movedout of the
writing aperture, to determine ifthe recordedimage is a satisfactory
reproduction. Note that thetelevision scan canbe produced to operate
through the input microfilm, with the illumination passing on through
the system, as well as produced to operate primarily through the in-
spection optics. With such techniques, possibilities exist which rival
video tape processing techniques and yet the recorded image can re-
tain the image quality capability of a pure optical approach. These
techniques are not treated further in this paper. The following dis-
cussion assumes inspection is the simple, direct viewing mode of
operation.

Inspection station No. | provides a means for inspection of
the optical signal leavingthe microfilm station, With the eye replaced
by a light source and the beam properly directed, an effective clear
aperture (no need to rack-over microfilm carriage) is provided for
illuminating the micro-image. If the mirror is a beam splitter, such
a channel provides illumination to partially ""wash-out'" the image of
the transparency created by light from the main light source. When
this station is provided withillumination frominspection station No. 2,
inspection of the photochromic micro-field can be made without inter-
ference from the main light source beam, even during the image re-
cording operation.

Inspection station No. 2 provides a means for inspecting
the micro-image of the transparencybefore writing , and the coating
at any time, with partial or complete illumination of the entire field.
It provides a means for registering partial image erasure masks
and new data for insertion into previously recorded or partially erased
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images. When a light source replaces the eye, it acts as an illum-
ination system for inspection station No. 1.

The functions ofthe inspection stations are given in Table I.

TABLE I. Functions of Inspection Stations

INSPECTION STATION NO. 1 INSPECTION STATION NO. 2
Inspection of optical signal Inspection of optical signal
leaving microfilm. impinging on photochromic
In ; . coating.

spection of photochromic
coating and micro-image Inspection of optical signal
when illuminated by inspec- leaving read optics.

tion station No. 2 s sl - >
Viewing for registering

Hluminates micro-image partial fields for partial
for inspection station No. 2 image write and erase.
Iluminates micro-image Ilumination system for
for readout, if desired. inspection station No. 1l

Permanent Memory. The permanent memory (or slave
memory) uses the planes created by the bulk transfer process from
the photochromic micro-image plane in the working memory. This
memory has reduced requirements and has no inherent temperature
control requirement. The optical filtering and source intensity re-
quirements are relaxed and the read is non-destructive. Such a
permanent, non-volatile memory can provide increased output cap-
ability as compared to the working memory. This capability in-
cludes direct projection, microfilm, Kalvar film, television (of
various types), electrostatic printers, microfilm type viewer-
printer, Polaroid and others.

In general, the permanent memory would be less expensive
andadaptable to manylevels of mechanization. These could runfrom
automatic rapid access to completely manual devices. Such memo-
ries can be considered as off-line interrogation stations with one
photochromic working memory servicing any number of stations.

AN OPERATIONAL PROCEDURE FOR OPTIMUM IMAGE YIELD

This portion of the paper illustrates the unique capabilities
of a photochromic working memory which insures the recording of
data in the form of micro-images. It is assumed that theapplication
is one requiring maximum reliability and image quality and that speed
of operation is a secondary consideration. Most applications could
omit one or more of the steps described. The manual process de-
scribed should not be taken as an implication that such a procedure
could not be automated, as indeed it might if the user were willing
to pay the price. Actual error rates should be very low. The first
design objective will call for an error rate of one in 103 or better.
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Total Image Manipulation. In the following procedure, it is
assumed that the microfilm is advancing through the system serially
and a ""worst-case'' situation occurs. For clarity of explanation, the
necessary control manipulations are not mentioned in the procedure.

l. The photochromic micro-image field is
examined beforethe write operationand
a large imperfection is noticed. Since
an imperfect image would result, the
entire field position is written with an
"imperfect-field" mark, e.g.,alarge X.

2. The photochromic plate is advanced to
the next field position, where a particle
of dirt appears. The transparency is
imaged withnon-writing illumination on
the field, and it isobserved that thedirt
particle obliterates partof a word. The
transparency is repositioned slightly to
place thedirt between lines, or words,
and the micro-image is written,

3. After (or during) the image writeoper-
ation, the imageis inspected for quality.
The image is found to be out of focus.
The malfunction is corrected and the
micro-image is erased and rewritten,
Final inspection indicates an accept-
able micro-image, and thus, the cycle
begins again for the next image.

Note that if a defective microfilm frame occurs, a field can
be left unwritten for that frame until that single frame is remicro-
filmed and placed back into the working memory. This can be done
at a later time, when convenient, and it will not interfere with the
recording of the remainder of the original microfilm roll. An ex-
pedient alternative is to print the defective frame as is, with a de-
fective frame symbol added; the frame can be corrected by erasure
and rewrite when a corrected microfilm frame is available.

Partial Image Manipulation. The outputs which would be ob-
tained after partial micro-image manipulation are shown inFigure 5.
It is evident that the registrationproblems are more severe in partial
image manipulations than in the manipulation of an entire field. The
registration can be handled manually or it can be mechanized. For
simplicity, it can be assumed, as in the preceding example, that a
manually-controlled memory is being described.

Figure 5-A illustrates the typical entry of a micro-image
document into the memory. Figure 5-B illustrates an ordinary read
instruction which leads to the production of a hard-copy output.
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Figure 5. Example of a Partial Image Manipulation
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A partial erasure at the micro-image level followed by a
read instruction is illustrated in Figure 5-C. The manual registra-
tion of the erase mask is realized by viewing (through the inspection
optics) the image of the erase mask on the photochromic micro-image
and manipulating the mask, by the proper mechanical controls, at the
microfilm dimensions. Thus, the mask registration position mech-
anism need only be designed to microfilm tolerances rather than
micro-image tolerances. After proper registration is accomplished,
the erase procedure is initiated.

A partial rewrite of a partially erased micro-image (or a
micro-image containing an area previously unwritten)is shown in
Figure 5-D . This type of operation is commonly referred to as a
"posting" operation. For the present discussion, it is assumed that
the data to be entered exists on a micro-film transparency. This
transparency is registered with respect to the micro-imagé in a
manner similar to that described for erasure and the "write" opera-
tion is Initiated.

SYSTEM CHARACTERISTICS

From the preceding it is evident that the photochromic
micro-image memory promises to be a useful and versatile tool. In
line with this versatility is the fact that this tool is compatible with
a wide range of input-output devices.Figure 6is ablockdiagram which
presents the general system characteristics in a simple form. The
control instructiondescribing the mode ofoperation and the memory

INPUT QUTPUT

CONTROL CONTROL

WHERE TO STORE OR

RETRIEVE IMAGE WHERE IMAGE STORED

SERVO
MECHANISM

INFORMATION INFORMATION

I MEMORY PLATE
IMAGE TO BE STORED AND OPTICS

4298-6

Figure 6. Overall System Characteristics
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location can come from any digital source. Typical digital input
devices are keyboards, readers for punched tape or punched cards,
and remote integrogation units. Similarly, the memory can report
the result of its actions in a variety of commercial digital devices.
Hence, the memory is capable of communicating with the index system
that controls its use,.

The combination of the working and permanent memories are
equally flexible in the handling of information. Systems can be built
to communicate with standard microfilm (8 mm to 105 mm) bothin in-
put and output, and systems could be designed to handle other inputs if
the datais available on a transparent backing. A wide range of outputs
are possible, including microfilm, aperture cards, remote TV, pro-
jection and copy-type printers, as mentioned previously.

SUMMARY OF MICRO-IMAGE INVESTIGATIONS

In this section of the paper the micro-image studies are
summarized ina qualitative manner. Quantitative data is presented in
the following section. The basic equipment used for research studies
of micro-imageryis shown in Figure 7. A number of different optical
configurations were used as various modifications naturally occurred.
during the course of the investigations. These investigations have
amply demonstrated that photochromic micro-imagery is both reliable
and easily controlled and mechanized.

Rlls

Figure 7. Equipment Used for Research Studies
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Photochromic Coatings. Both heat-erasable and light-eras-
able photochromic coatings were used. Imagery appears to be a sur-
face phenomenon to a great extent, and thus, high resolution was
achievable on coatings many mils thick. However, as coatings are
reduced to fractions of a mil in thickness, it is possible to improve
resolution by a significant amount. This tends to be accompanied by
increased writingtime and lowerultimate contrast. Contrast has been
found quite acceptable, in general, and gray-scale rendition was excell-
ent, Available coatings gave uniform background with no apparent
grain. Subjectively speaking, the photochromic micro-images were
always preferable to those on high resolution photographic (silver
halide) materials, even when these were considered to be excellent,

Both reversal and direct positive micro-images were studied
on photochromic coatings,The latter are made by first switching the
coating to the colored state andthenerasing it with visible illumination.,
Excellent micro-images were obtained by both techniques.

The reduction used, in general, was between 200 and 250
times fromthe original. Originals ranged from copy 4 by 6 inches to
copy 8 by 10 inches, or slightly larger. Larger micro-images were
also studied. Useful legibility at the system output was achieved for
a business letter reduced 400 times at the micro-image level. Accept-
ability on a lines per millimeter basis was found to be misleading as
the copy frequently appeared much better than one might expect from
such reasoning.

No refrigeration or dust chambers were used on the optical
bench. The half-lives of the coatings at room temperature were suffi-
cient to allowa number of micro-images to be printedbefore appreci-
able decay ofthe first micro-image occurred. If this had not been the
case, the research effort wouldhave proceeded at a much slower pace,
indeed. Arefrigeration storage unit, consisting of four separate chamb-
ers, was obtained br storing written coatings at different temperatures.
The results, sofar, indicate a conservative estimate of one year as the
half-life for the cobred-state contrast, for the selected-light reversible
coating (at -20°F or less).

Both partial and complete image erasure and rewrite were
easily accomplished. The registration was accomplished at the micro-
film holder while visually observingthe relative placement of the mask.
Thus, the accuracy required in positioning the mask, or information
to be recorded, is relaxed by the reduction taken at the micro-image
step.

Light Sources. Because of the need for high intensity actinic
sources for the writing of micro-images, small mercuryarc sources
of high brightness were used in the laboratory studies. The size of the
arc for optimum results is a function of the condenser system used,
the reduction taken and the micro-image forming optics. Contrary to
statements heard recently and read in the sales literature, point-
source illumination is not the best, in general. The best source for
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optimum results, and not the most specular, was that which properly
illuminated the entrance pupil of the micro-image forming optics. With
a smaller source, the image quality sufferedand the micro-image be-
ganto record patterns created by slight imperfections within the lenses
and filters through which this highly specular illumination passed.

Condenser Lenses. Althoughitis recognized thatan optimum
condenser system will have to be constructed for this application, the
laboratory studies made use of available opticsin minimal type of set-
ups for the various studies undertaken. One of the most difficult pro-
blems with such anarrangementhas beenthe obtaining of adequate field
illumination at the micro-image level. Regular condenser lenses have
imperfections, in many cases, that are troublesome when used with
semi-specular or specular illumination. The use of high-quality aerial
camera lenses for performing the condenser function was found to be
beneficial and these were used to produce some of the best results.
A Kshler-type condensing system appears to be the most ideal for an
operating memory and future studies of this type of system for photo-
chromic micro-imagery are planned.

Micro-Image Read and Write Optics. A number of different
lenses were tested to serve these functions. In general, they were
microscopic-type objectives, used with eyepieces in some cases and
without eyepieces in other cases. Since it was necessaryto work with
off-the-shelf optics, we were not able to obtain optimum illumination
with all lenses tested. It was found that the best results for simultane-
ous flat field (uniform resolution over the field) and high resolution are
obtained with the objectives known as planopachromats,

The real Figure-of-Merit for the intended application is the
lines per field. Thus, if a lower resolution lens with a larger field
can provide a greater number of lines within its field than a higher
resolution lens can in its respective field, the first lens is capable of
producing better images. The actual field size is a separate considera-
tion.

It was found more pleasing to view document images with
uniform resolution over the whole field than to view documents with
the same edge-of-field resolution, but with higher center-of-field
resolution. Thus, the ordinary lens specifications, which is center-of-
field resolution, is not adequate unless it is also a flat field lens. In
calculating lines per field, the calculationis best made by multiplying
the poorest resolution point in the field times the field diameter.

Microfilm and Microfilm Systems. The testing of the input
and output microfilm and the camera- microfilm combination for pro-
duction of the input microfilm was undertakenby a number of different
methods. These included a visual estimate of line patterns just resolv-
ed, evaluation by a microdensitometer scan of square wave patterns
from test charts, and subjective evaluation of actual document record-
ings at different reduction ratios.
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In general, it appears that resolution claims are exaggerated
inthe microfilm field. The experiments, and the evaluation of the work
of others, indicates that actual results are only about 70 percent to 80
percent of the claimed resolution. Atendency tobe somewhat sensitive
in this area was relatedto the fact that, in many cases, the laboratory
system was microfilm-limited as far as resolution was concerned.

Because of the limitations inherent in data recorded on micro-
film, some emphasis has beenplaced on the use of a minimum reduc-
tion at the original microfilm, e.g., between 8 and 12 times, with a
maximum reductiontaken at the micro-imaging step. Thisis toinsure
optimum output quality. Of course,with higher reductions taken onthe
microfilm original, the microfilm original definitely tends to become
the limiting factor in the system and any image degrading effects of the
micro-imaging process are much less pronounced. It is analogous,
in essence, to passing a low-fidelity signal through a high fidelity
system.

The use of high contrast microfilm was found to be an ob-
stacle except for very specialtypes of documents. This does not mean
to imply the micro-image memory cannot handle such microfilm, as
it can. Rather, it implies that the output quality of the majority of
microfilm systems would be substantially improved if lower contrast
film were used. There is no point in having "blacker" blacks and
"whiter" whites if a reduced information content results in the hard-
copy output. Out studies indicated greater comfort in reading lower
contrast copy of higher quality than readinghigh contrast.copy with its
attendant loss of detail. In addition, lowcontrast systems are ableto
easily handle pictorial data containing gray scales, whereas high con-
trast systems are not.

High-Resolution Silver-Halide Emulsions. The first thing
one notes on working with commercial, high-resolution, silver-halide
emulsions is their extreme resolution, better than 1000 lines per milli-
meter. The second thing noted is their slow speed, or relatively high
exposure requirement. It is the price paid for high resolution and
makes such emulsions somewhat impractical for use as regular micro-
film.

The standard processing of these emulsions leads to high
contrast, somewhat of a drawback as noted under the microfilm dis-
cussion. Special processing can lead to lower contrast to the extent
that evenpictorial data canbe handled adequately. At least one special
emulsion is available with even moredesirable properties in this re-
spect.

Studies with high -resolution, silver-halide materials have
indicated that excellent micro-images can be supported by them.
However, there was no comparison in simplicity and reliability when
such emulsions were compared with photochromic coatings for the
production of large numbers of micro-images.
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The bulk transfer of the photochromic micro-images to the
silver-halide emulsions gave excellent silver-halide micro-imagesas
compared tothose recorded directlyon these emulsions. This trans-
fer process was found reliable and easilyaccomplished, with the right
equipment and techniques. A reverse transfer, photographic-to-
photochromic, was also found feasible. The contrast of the photo-
chromic micro-images appearsto be well matched to what is required
for affecting an optimum transfer.

Silver grain, which is hard to specify quantitatively, was
apparent at the reductions taken in these emulsions. The grain was
not objectionable and does not seriously affect the hard copy output
from the silver-halide micro-images. However, the comparison of a
photochromic and silver-halide micro-image through a microscope
leads to the choice of the grainless photochromic version. It is
best described as just a much more pleasing image without theharsh-
ness of the silver-halide version.

PHOTOCHROMIC MICRO-IMAGE MEMORY SPECIFICATIONS

The best estimates of numerical parameters for photo-
chromic micro-imagery obtained from the laboratory studies to date
are given in Table II. The '"Realizable'" columns give estimates as to
what can be achieved in the laboratory under controlled conditions,
while the "Practical' columns take into account the need for tolerances
in practical hardware used by relatively unskilled personnel. The
data in Table Ilis basedonthe use of a 1. 5 millimeter diameter micro-
image field.

A somewhat conservative application of the data of Table II
to a photochromic micro-image system, produced the specifications
as given in Table III. This data is provided only as a general indica~-
tion of system capability. For special applications, one or more of
the parameters might be significantly improved (usually at the expense
of some other parameter).

CONCLUSIONS

This paper has described a reversible, light-sensitive mat-
erial capable of extreme resolution, and techniques whereby this mat-
erial is capable of storing micro-images atvery highpackingdensities.
In addition, the reversibility has been shown to bring into the realm of
feasibility a concept of document manipulation which is somewhat
analogous to the manipulations ofdigital data in electronic computers,

The problem of securing permanency of micro-images re-
cordedon a volatile material has been circumventedby a bulk-transfer
process to a high-resolution, silver-halide emulsion. Manybulktrans-
fers are possible fromthe photochromic mediumand a great many bulk
transfers are possiblefrom the second generation micro-image plane
on the silver-halide emulsion.
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TABLE II

NUMERICAL PARAME TERS OF PHO TOCHROMIC
MICRO-IMAGERY BASED UPON LABORATORY STUDIES

PHO TOCHROMIC WORKING MEMORY,

CHARACTERISTIC
Achieved Realizable Practical

Writing Speed Secs/Field 0.25 0.05 0.1-0.3
Resolution Lines/mm 1000 1400 650-750
Lines /Field 1500 2100 900-1000
Bulk Transfer Secs/ Lo S

Memory Plane 30 millisecs 5-10
Processing-minutes 30 20 20
Resolution Lines/mm 800 unknown 500-600

Lines /Field

Transfer 0.8-0.9 of working mem-
ory in work to date

“With high intensity flash sources.
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TABLE III

PRELIMINARY SPECIFICATIONS FOR A PHOTOCHROMIC
MICRO-IMAGE SYSTEM

WORKING PERMANENT
CHARAC T TERISTIC MEMORY MEMORY
Capacity-images 100,000 100,000
Exposure Times-Seconds
Write 0.3-0.5 15-30/plane
Read 0.005-0.010 0.005-0.010
Erase 0.3-0.5 s
Max. Access Time-Seconds 0.6-0.8 0.6-0.8
Serial Access Time-Seconds 0.002-0,004 0.002-0. 004
Memory Plane Size in Inches
(With Borders) 16 by 16 16 by 16
Reduction Ratio 200:1 200:1
Maximum Cycle Rates-Images/Hr
Writing Serially 7200 ---
Writing Randomly 4300 ---
Reading Serially 36,000 36,000
Reading Randomly 10,000 10,000
Input Microfilm Bulk Transfer
Output Microfilm Microfilm
Bulk Transfer Aperture Cards
Television
Projection
(optical)
Hard Copy
Printers
Polaroid
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An Appendix is included to demonstrate the quality of output
obtainable from the micro-image store. This Appendix includes output
copy from the original microfilm, from the photochromic coating, and
from micro-images on a silver-halide, bulk-transfer copy of the entire
photochromic memory plane. A direct comparison is then possible
between outputs which have been through the micro-imagery process
and those directly out of the input microfilm.
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APPENDIX

The reproductions used in this appendix are illustrations of
actual results from the micro-image research studies. Figure 8 in-
dicates the points within the overall operation from which the outputs
were produced. The enlarged outputs were all made from the micro-
film images on a darkroom photographic enlarger. Some loss in quality
is expected in the reproduction process used for this publication.

Some detailed data on the reductions and magnifications used
can be found in Table IV,

Figures 9, 10, and 1l are quite informative for comparison
of the losses experienced at the various steps as the document image
moves through the system.

Figures 12 and 13 illustrate a picture containing gray scales
and the ability of the micro-image system to handle such images.

Figure 14, a 400:1 reduction atthe micro-image level, illu-
strates that, for ordinary documents, 200:1 reductions are not press-
ing the resolution limit of the system,




TABLE IV

DATA ON APPENDIX FIGURES

. Reduction Micro- Magnification
Image
To Input [Microfilm to|Field Microlmage to Microfilm
£ Figure| Microfilm Micro-Image| Size PutputMicrofilm [to Hard Copy
9 12X - - - 11.3X
10 12X 16.7X 0.05" 20X 9.5X
11 12X 16.7X 0.05" 20X 9.5X
12 | 1/2 frame - - - -
13 1/2 frame - 0. 06" 14X 5X
14 12X 33.4X 0. 025" 40X 8X
INPUT PHOTOCHROMIC BULK TRANSFER
ORIGINAL MICROFILM MICRO-IMAGE MICRO IMAGE
'
PHOTOCHROMIC BULK TRANSFER
OUTPUT OUTPUT
MICROFILM MICROFILM
42987
Figure 8. Routes Traveled by Reproductions in Appendix
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Figure 10. Reproduction from Photochromic Output Microfilm
-200:1 Reduction at Micro-Image
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ABSTRACT

Recent research and development within The National Cash Register
Company has resulted in a new technique for the storage and dissemi-
nation of microdocuments. This new technique, Photochromic Micro-
Images (PCMI), has made very high-density document storage feasible
atlinear reductions of 200:1, representing anarea reduction of 40, 000:1,
Features of the PCMI process are described. Next, micro-image sys-
tem elements are reviewed with respect to their basic functions and
potential incorporation into complete micro-image systems. Finally,
some potential future applications of micro-images in the fields of
document storage and retrieval, libraries, and microform publishing
are discussed and explored.



PHOTOCHROMIC MICRO-IMAGES

A KEY TO PRACTICAL
MICRODOCUMENT STORAGE AND
DISSEMINATION

A.S. Tauber and W,C, Myers
Electronics Division

The National Cash Register Co.
Hawthorne, California

INTRODUCTION

Recent research and development within The National Cash
Register Company has resulted in a new technique for the storage and
dissemination of microdocuments. This new technique, photochromic
micro-images (PCMI), (1) has made very high-density document stor-
age feasible on a practical basis at linear reductions of 200:1, repre-
senting an area reduction of 40,000:1. Using this technique, it would
be possible to record a 300 page book within a square inch of film,

PCMI does not replace conventional microfilm. As a matter
of fact, high~-quality microfilm is used as the input media. The NCR
PCMI process is used to extend the dimensions of micro-storage by an
order of magnitude over that available with standard microfilm, Ina
sense, the process is one of microfilming microfilm.

This paper will have three major parts. First, the PCMI pro-
cess itself will be described. Next, micro-image system elements
will be discussed. Finally, the paper will explore just a few of the po-
tential applications made possible by the future availability of relatively
low-cost micro-images which can be easily duplicated anddisseminated
(or published).

THE PCMI PROCESS

Microfilm technology has existed for more than a century, and
it has been possible to make micro-images of documents at a reduction
ratio of greater than 100:1 since 1839, (2) However, the practical
limitations of straight photographic techniques have discouraged the de-
velopment of devices capable of producing large quantities of micro-
images at these high reduction ratios. To accomplish this implies the
laying down of multiple images ona common surface and exposing them
individually by some form of step-and-repeat technique.



The major difficulty in using a straight photographic-type pro-
cess results from the relatively high probability of an error occurring
at some point in the process. An error, for example, might be an im-
properly focused image, or an imperfect microfilm master negative. It
might also result from a piece of dirt either in the optical system or up-
on the film emulsion itself. In many cases it is simply "human error'.
Basically, there exists no satisfactory inspection procedure to detect,
as well as correct, errors before the final development of the master
matrix. Therefore, correction of one or more imperfect images would
require the re-recording of the entire matrix of images. Experience
has shown that the higher the reduction ratio attempted, the more se-
vere the '"error problem' becomes.

One of the major accomplishments of the NCR PCMI process
is that it not only permits inspection to occur at any step of the process,
but it also allows the operator to correct errors, Therefore, by using
the PCMI process, it is now feasible to produce original master ma-
trices of micro-images at 200:1 reductions that contain images number-
ing in the thousands.

What is the PCMI process, and why does it permit such a large
jump in the effectiveness of microdocument storage and dissemination
above that available with more conventional technologies ?

First, let us take a brief look at photochromic materials. (3)
(4) By definition, (5) photochromic compounds exhibit reversible spec-
tral absorption effects (i.e., color changes) resulting from exposure to
radiant energy in the visible, or near visible, portions of the spectrum.,
For example, one class of photochromic materials consist of light-
sensitive organic dyes. (6) NCR photochromic coatings consist of a
molecular dispersion of these dyes in a suitable coating material. Pho-
tochromic coatings are similar to photographic emulsions in appearance
and in other properties. They can be made to retain two-dimensional
patterns or images which are optically transferred to their surface,
They can be coated, in general, on the same types of substrates as
photographic emulsions, and they can exhibit excellent resolution ca-
pabilities. In addition, both positive-to-negative and direct-positive
transfers are possible.

However, photochromic coatings differ from photographic sil-
ver-halide emulsions in a number of important respects. The coatings
are completely grain-free, low gamma (excellent gray scale character-
istics), and exhibit inherently high resolution. The image becomes
immediately visible upon exposure and no development process is re-
quired. Further, because the coatings are reversible, the information
stored can be optically erased and rewritten repeatedly.

The image appears when the individual molecules are switched
from either the colored or the colorless state by radiation (light) of the
proper wavelength., All of the NCR coatings now in use switch to the
colored state when near ultraviolet radiation is used. Switching to the



colorless state can be accomplished by using either heat or visible light
of the proper wavelength.

Information stored on photochromic coatings is semi-perman-
ent in contrast to developed photographic film which is relatively per-
manent, This is a result of the reversible nature of the photochromic
coating. The life of the photochromic micro-image is dependent upon
the ambient temperature of the coating. At room temperature, image
life is measured in hours, but as the temperature is lowered, life can
be extended very rapidly to months and even years.

Obviously, this temperature-dependent decay of image life
prohibits the use of photochromic micro-images in their original form
for archival storage. To overcome this problem, means have been de-
veloped for transferring the photochromic micro-images to a high-re-
solution photographic film. This transfer step is a simple operation
and results in permanent micro-images.

Mechanization of the NCR PCMI process is simple in principle.
The original document is first transferred to high-quality conventional
microfilm, Properly filtered, near-ultraviolet radiation is directed
through the transparent microfilm and into the micro-image optics, This
forms a miniature image on the photochromic coating. Consider, for
example, a photochromic plate 3 x5 inches in size. The size of each
micro-image would be 0,0425 x 0,0550 inch, so that a matrix with up
to 2,625 micro-images could be placed on each 3 x 5 plate.

When all of the micro-images are formed, and have been prop-
erly inspected to see that noerrors have been made, the entire contents
of the photochromic plate are then transferred in one step as micro-
images to a high-resolution photographic film by contact printing. The
photographic film is then developed under highly controlled cond1t10ns,
and the result is a 3 x 5 photographic micro-image master plate.

This 3 x 5 photographic micro-image master can then be used
to perform a most important function. It can be used to '"publish' any
desired number of duplicate 3 x 5 micro-image cards by using a con-
tact printing process, again upon photographic film. Using photograph-
ic film provides image permanency as well as potentially low-cost dis~-
semination.

MICRO-IMAGE SYSTEM ELEMENTS AND CONSIDERATIONS

Micro-image system elements and supplies can be broadly
classified into two groups. One group consists of the elements and
materials required to produce the micro- images, while the other group
contains those items involved in the use of micro-images.

The most important system element in the first group is cal-
led the PCMI Camera-Recorder. (See Figure 1.) Reels of 35 mm,
high-quality microfilm serve as the input media for the PCMI Camera-
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Recorder. As can be seen in Figure 1, the photochromic film is en-
closed within an environmental chamber.

This chamber maintains the ambient air temperature below 0°
and also filters out all dust particles above one-third micron in size.
The micro-image focusing optics can be adjusted by a specially design-
ed air gauge to an accuracy of +15 pinches. Field diameter of the mi-
cro-image is 68 mils,

Micro-images are recorded upon the photochromic film in a
step-and-repeat manner. Consecutive pages are written in a horizontal

line., The images can be either continuously inspected during the re-
cording process, or the Camera-Recorder can be placed in automatic
operation with inspection occurring at a later point in the process. Be-
fore the contents of the photochromic film are printed out, a thorough
inspection can be made, if desired, to detect any errors that have oc-
curred., Errors are then simply corrected by erasing the imperfect
image and rewriting it on the photochromic film.

After a perfect micro-image matrix has been prepared on the
photochromic film, the next step of the PCMI process is a bulk trans-
fer of this PCMI matrix to a high-resolution photographic film by con-
tact printing. This procedure also takes place within an environment
of dust-free air,

Figure 2 is a view of the laboratory breadboard model used to
make the first 200:1 micro-images by means of the NCR photochromic
process.

For micro-image systems which have aneedto storethe PCMI
master plate, an off-line refrigerated file is provided, For example,
such systems might require periodic updating of portions of the original
file. Therefore, it might be more economical to keep the original
PCMI master plate, and when necessary, erase only thosemicro-images
that need to be replaced, instead of preparing an entirely new PCMI
master each time an updating is required,

Still another important system element used for producing
micro-image cards is the off-line contact printer. Input for this unit is
the photographic micro-image (PMI) master film prepared by the PCMI
Camera-Recorder, High resolution photographic film is used as the
output media of this unit, The off-line contact printer performs the im-
portant job of micro-image publishing mentioned earlier in the paper.
This unit makes low-costdissemination of micro-image cards possible.

Of all the system elements which might be required to use
micro-image cards, the most important unit is the micro-image view-
er or reader. It is expected that eventually there will exist a family of
micro-image viewers from whichto choose. Viewers might range from
manually -operated, desk-topmodels to semi-automatic consoles. Choice
will, of course, depend both upon the complexity of the specific micro-
image system involved and the particular user's requirements or needs.
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Figure 2. Research Breadboard Model of PCMI
Camera-Recorder

As with many microfilm systems in use today, there will also
be a requirement for hard copy print-out of enlarged micro-images.
This will be accomplished by combining both viewing and printing into a
dual-purpose unit called a micro-image Viewer-Printer,

The final element needed to complete a micro-image system
will be a file. As an example, if 3 x5 inch cards have been chosen as
the basic unit media of the micro-image system, then, chances are, all
that will be required is a simple, manual 3 x 5 card file cabinet. Con-
sider the fact that a file of one million document pages could be stored
in micro-image form (at 200:1 reduction) on less than 400 three by five
cards. This represents a stack of cards about four inches high. For
so few cards it would be very difficultto justify the expense of automat-
ic retrieval equipment. Of course, each micro-image system applica-
tion would have to be analyzed and system engineered for its own speci-
fic requirements. Figure 3 summarizes the micro-image system ele-
ments that we have just described.

From the previous discussion of the various system elements
used to produce and use micro-images, it can readily be seen that a
high degree of system flexibility is available to the potential user.
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Since each application will vary in the size of its file, the frequency of
its activity, the retrieval complexity of its search questions, and the
requirements for human-file interaction, there turns out to be no typi-
cal user,

A preliminary analysis indicates that only a relatively small
percentage of potential micro-image users would need to acquire a
PCMI Camera-Recorder. The great majority of users would probably
find it much more economical to obtain at least their photographic
micro-image master cards from a PCMI service center. It is not at
all unreasonable to expect that today's dealer in high-quality, volume
microfilming will become the micro-image supplier of the future.

Because PCMI storage and dissemination systems readily lend
themselves to a modular approach, the potential user canexercise con-
siderable freedom of choice in his system component selection, This
provides the possibility of continuous equipment compatibility with
micro-image system growth,




SOME POTENTIAL APPLICATIONS OF MICRO-IMAGES

Except for the most trivial cases, almost any document stor-
age, dissemination, or retrieval problem lends itself to potential me-
chanization by a micro-image system. An examination of the informa-
tion retrieval (IR) field has led us to the conclusion that the original
document, or its facsimile in the form of either microfilm or micro-
image, will almost always be required.

Let us next ccnsider a few potential applications for micro-
images. First, we would like to look at the duplicating library concept
proposed by Dr, Heilprin, (7) (8) of the Council on Library Resources.
Dr. Heilprin drew the following distinction between the present circu-
lating library, and the duplicating or "D" library of the future. In the
circulating library, material is in conventional form, and normally it
physically circulates in and out of the library, In a '"D" library of the
future, material would be stored on "microform' masters. Dissemina-
tion of material would be one way, i.e., non-returnable. Duplicates of
the "microform' masters would be expendable.

Very little imagination is required at this point to see the po-
tential application of NCR's micro-image technology to Dr. Heilprin's
"microforms' and the ""D" library of the future. For example, the '"D"
library could be stored on 3 x 5 micro-image cards. At a 200:1 reduc-
tion ratio, each card could contain from eight toten average-size books.
This represents approximately one square inch of micro-images per
book. Anyone requesting a book could have it duplicated in micro-
image form from the master micro-image card on file at the "D'" li-
brary, Itis expected that this could be accomplished on demand while
the user waited. Further, full-size, hard copy print-out from the
micro-image master could also be made available to the user if the
need arose,

By using PCMI technology, every branch library would have
the potential of maintaining as large a collection as the main library.
Reservations would no longer be necessary for themore popular books.
In a "D" library only one master copy of the original material would
have to be stored, but this master copy would be in a form suitable for
easy duplication. The master copy would never circulate or leave the
library sinceuser requests would be filled by duplicates which would be
expendable,

Simple, potentially inexpensive duplication at the micro-image
level, using contact printing techniques made possible by PCMI, offers
an entirely new dimension to the high-density storage process. Dr,
Heilprin calls this new dimension multiplication! (8) Further, he states
that, ""This degree of freedom has vast implication for the replenish-
ment of lost and destroyed libraries in underdeveloped areas, and the
interchange of collections of files. ' (8)




Perhaps the most serious problem remaining to be solved be-
fore the duplicating library can become a reality is not a technical one
at all but the legal problem of copyright, This legal problem must be
resolved on an equitable basis for both the author and the original pub-
lisher,

This leads into the next potential application area for micro-
images we would like to review, namely, the publishing of scientific,
professional, and academic publications. A significant, as well as per-
tinent, current trend in this field is index publishing., In parallel with
index publishing is the need for publication of the document set being in-
dexed as a microform. A recent manifestation of this trend is the pub-
lication of the Thomas Register Micro-Catalog in conjunction with the
Thomas Register Index to manufacturers.

Index publishing is being actively sponsored by many profes-
sional societies., For example, in 1961 the American Institute of
Chemical Engineers set up a standard for indexing articles of perman-
ent value that appear in all publications of the Institute. Magazines in
the chemical industry such as Petroleum Refiner and Chemical Engi-
neering Progress are publishing the index terms for each article which
is arranged for convenient reproduction by photocopying. Similar pro-
grams are also in operation by the American Society for Metals, the
American Institute of Electrical Engineers, and the American Chemical
Society. Another example of index publishing is a program sponsored
by the Council on Library Resources called Project Law Search,

The importance of this current work in indexing is related to
the fact that the information retrieval problem is a very complex one,
For example, the ability to economically and reliably produce, store,
and duplicate micro-images does not represent the complete answer,
Adequate techniques for indexing and searching the micro-image file
must also be worked out. However, as the examples just cited indicate,
indexing techniques can be developed for document retrieval which are
relatively independent of the document storage approach employed. In
one sense, indexing and document storage arecomplementary problems,

Because of the enormous expansion of published material, in-
creasing publishing costs, and rapidly rising library expenses for the
storage and later use of this material, there is an increasing need for
some type of microform publishing, One approach that might be con-
sidered would beto publish and disseminate a book or journal in micro-
image form, One potential advantage of this approach to publishing is
that it would provide publishers and authors with the economic freedom
to publish greater amounts of information. A most interesting example
of a current journal that is being successfully published in microform
is Wildlife Disease. During the past few years this publication has in-
creased its number of subscribers and has demonstrated the feasibility
of microform publishing, Another significant point is that microform




publishing has made possible a journal that previously could notbe sup-
ported in a conventional printed form because of the very limited num-
ber of subscribers. It is entirely conceivable thatin the future publish-
ers will offer books and journals in both conventional and micro-image
form,

Still another potential area of application for micro-images is
on-demand printing. Today, various organizations, such as the Nation-
al Library of Medicine, ASTIA, and the United States Patent Office,
have to provide the means for handling a considerable amount of mail-
order requests for documents. Copies of documents from very large
collections have to be supplied within a relatively short period of time,
Activity rate, defined as the number of pages retrieved per day divided
by the total number of pages in the file, is very low, on the order of
one-half of one per cent. It seems reasonable to expect that economic,
as well as storage space, pressures will eventually force the conversion
of present systems to some type of microform system. The kind of
duplication, or re-creation, of the original document that would be used
for dissemination would depend upon system factors such as the type of
microform used for storage and the needs of the user,

NCR micro-image techniques, as discussed in this paper, of-
fer some interesting possible solutions to this problem. One possibility
would be to store the entire document collection on 3 x 5 micro-image
master cards in a system configuration that would provide the amount
of retrieval required. Further, if you will recall, it was pointed out
that the ability of the PCMI process to easily duplicate micro-image
cards by contact printing provides a new system freedom--that of doc-
ument dissemination. Therefore, another possibility would be to con-
sider the decentralizing of large document collections to various region-
al areas. Of course, detailed system studies would have to be made in
each case to determine the relative advantages and disadvantages of
decentralization over the centralized file. However, the important
factor is that PCMI techniques permit the possibility of decentralizing
large master document files. The economics of more conventional
storage and dissemination techniques almost automatically preclude
this possibility,

In 1945, Vannevar Bush presented the documentation field with
the concept of Memex. (9) He envisioned Memex as a possible future
device comprising a sort of mechanized private file and library for in-
dividual use. Memex was to be a desk-type unit equipped with a view-
ing screen and a selection keyboard. It could store on film, at reduc-
tions of 100:1 or better, a tremendous volume of books, journals, news-
papers, correspondence, notes, and photographs. In addition, the unit
would have an indexing tool that would allow the userto locate the stor-
ed material.

The combination of NCR's micro-image techniques for docu-
ment storage and interrogation units tied into a central computer to
provide indexing capability comes close to achievingtheoriginal Memex
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concept. Theoretically, at least, it is now possible for every user to
obtain every document in his field of interest in micro-image form so
that it can be easily stored, retrieved, displayed for viewing, and re-
produced in enlarged form as hard copy when desired.

SUMMARY AND CONCLUSIONS

Before concluding this paper, we would like to briefly review
the most important characteristics which make NCR's micro-image
technology unique in its field:

lo

20

Photochromic films provide very high resolution with no
grain,

Fhotochromic films permit the storage of images contain-
ing a wide contrastof gray scale because they areinherent-
ly low gamma and grain-free.

Photochromic films provide immediate visibility of the
image upon exposure. Nodevelopment process is required.

Photochromic films provide both erasing and rewriting
functions. This permits the powerful processes of editing,
updating, inspection, and error correction to be incorpo-
rated into systems,

The PCMI process incorporates the ability to effect a bulk-
transfer read-out of micro-images at the 200:1 reduction
level by contact printing.

Use of high-resolution silver halide films provides both
permanency for the storage of micro-images and econom-
ical dissemination of duplicates.

The very high density of 200:1 micro-images offers the
possibility of using some form of "'manual retrieval' tech-
niques for many applications. This eliminates the normal
requirement in systems of this size for expensive and
complex random access hardware.

In conclusion, we would like to propose that NCR's micro-
image technology offers the following new horizons to the microform
business of tomorrow:

a.

b.

It offers many fascinating system possibilities to the infant
storage and retrieval field.

It offers, among many other advantages, the powerful new

system freedom of document dissemination and file decen-
tralization to the libraries of the future.
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c. It offers scientists, scholars, and professionals in all in-
tellectual fields many advantages from new technologies
such as microform publishing and perhaps even their own
personalized form of Vannevar Bush's Memex.
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I INTRODUCTION

The National Cash Register Company, long a major supplier of many
types of office machines, is developing a unique high resolution, high
density photographic technique for storing, retrieving, and disseminat-
ing both written and graphic information. The technique, called "photo-
chromic micro-image' (PCMI), uses the special characteristics of certain
photochromic dyes as a storage medium. These materials change color
when exposed to light; are immediately visible upon exposure; can be
edited, erased, and reused; and have high resolution.

As presently envisioned, images in microfilm form would be reduced
further and recorded on photochromic plates. The unique reversibility
characteristics of the photochromic material would allow the images to
be corrected for errors , erased, and rewritten if necessary. In order
to preserve the photochromic images, the film containing the photochromic
dyes must remain at a low temperature (approximately 0° Centigrade).
Permanent copies of the film images may be made by contact printing with
conventional silver-halide film using standard photographic methods.

The permanent copies may then be placed in equipment which will permit
selection and viewing of a specific image as well as reproduction of the
image, if desired, in the form of a hard copy print-out.

the National Cash
r use with the

Prior to the research documented in this report,
Register Company (NCR) developed laboratory equipment fo
PCMI materials and also undertook a project to build an experinental
viewer for a Navy parts catalog system. The company also explored to a
limited extent potential markets for PCMI systems. T adaiedon, copaty
announcement and institutional-type advertising had evoked conside?able
interest from a variety of sources. After completing these preliminary
programs in the development of PCMI, NCR asked Stanford Research Insti-
tute to undertake this study to assist the company in determining classes
of potential applications and the nature of the market for PCMI systems.

Objectives and Scope

s to determine the nature of
PCMI systems being developed
and dissemination of informa-

The basic objective of this study wa
the potential market for general purpose
by NCR for use in the storage, retrieval,
tion. Specific objectives were to:
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ibe the functional requirements of major
ions that appear to be potential markets for the

1. Categorize and descr

classes of applicat
systems.

2. Estimate the present potential U.S. market for this system, in-

cluding the market for camera recorders, contact printers, viewers, and

viewer printers.

3. Estimate the present potential annual market for the photochromic
film and hard copy papers used with this system,

4, Describe additional products that may be desirable, in addition
to the above, to fulfill the market needs of potential users.

5. Indicate the effect of variations in the pricing and performance
of equipment and materials upon the market potential.

6. Describe the type of market organization that could effectively
distribute this system to potential users.

7. Describe the principal competing document storage and retrieval
systems and indicate their relative importance.

At the outset of this project, it was mutually agreed between the
project team and the NCR staff that the study would concentrate on ob-

taining information in two major application areas--microform publishing

and large files for document storage, Applications investigated in the

microform publishing field included publications for the general public,
such as books, theses,

periodicals, and newspapers: and publications for
restricted user groups e : .

» Such as technical reports of NASA, AEC, and

ASTIA -
; catalog applications; and on-demand printing applications.

Large do
W 8¢ cocument storage file applications studied included examples
oth high activity and low

tain documents that are use
such as in retai] sales
activity files consist
such as in banks and in

activity files. High activity files con-
d as part of the current business operation,
+ credit agencies, and personnel records Low

o
f documents kept for legal or historical use,
sSurance companies .

was mu Jor application areas mentioned above, it



Specifically excluded from the scope of this study was the use of
PCMI in the storage or reproduction of engineering drawings, in office
and convenience copying, in the graphic arts, in photography, in image
storage or processing in computers, in dynamic displays, and in long-
or short-line data transmission. The potential use of PCMI in applica-
tions that would require custom-designed equipment were identified only
as they were uncovered during the course of the research aimed at inves-

tigating potential classes of application in microform publishing and
large-file storage.

Method of Approach

The project team first made a literature search covering the fields
of document storage, retrieval, and dissemination, with emphasis on cur-
rent techniques and problems. Attention was then turned to the results
of NCR's research in PCMI techniques, which included both the development
of a general PCMI technology and the design of a specific system using
this technology. The relationship between the general PCMI technology
and the specific system design embodying this technology is shown in
Figure 1.

The general characteristics of the PCMI technology (left-hand box,
Figure 1) were used to help determine which application areas should be
studied, while the characteristics of a specific PCMI system (right-hand
box, Figure 1) were used as a basis for analyzing the suitability of
PCMI for specific application areas. Product engineering (center box,
Figure 1), which relates the characteristics of the PCMI technology to
a specific PCMI system design, although important, was not a part of this
study,

Thus, the research did not attempt to prescribe what equipment de-
sign was most capable of matching PCMI technology to the requirements
of specific classes of potential applications for the technology. The
research could only attempt to uncover those applications that were
suited to the characteristics of the PCMI system specified by NCR. From
the analysis of the PCMI technology, the list of potential application
areas that were to be investigated during the study was compiled and was

mutually agreed upon by SRI and NCR.

A contact list consisting of representative organizations for each
application area was then drawn up by the SRI project team and reviewed
with the NCR staff. Organizations to be contacted were selected on the
basis of two criteria: (1) Were the problems of the organization repre-
sentative of the application area under study? and (2) Was the organiza-
tion progressive enough to have become aware of its own problems and of

3
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possible methods for solving them? The purpose of the field interviews
was to obtain as complete information as possible from well-informed
sources, rather than to generate a large amount of data solely for sta-
tistical analysis.

An effort was made to contact people within the selected organiza-
tions who were at a level of management where both technical and economic
aspects were equally considered. Thirty-seven interviews were conducted.
They lasted from a quarter of an hour to several hours, depending upon
the willingness of the interviewee to discuss the subject and the amount
of information he made available. A considerable part of each interview
was spent in obtaining a description of the user's requirements and prob-
lems, as well as in obtaining his reactions to both the general PCMI con-
cept and the specific system proposed.

The PCMI system design proposed by NCR as shown in Appendix C was
used as a basis for analyzing the relative suitability of PCMI for the
application areas investigated. 1In order to conduct a meaningful analy-
sis, it was necessary to use specific data supplied by NCR on the pro-
posed PCMI system's cost and performance. Wherever possible , parametric
curves have been drawn to show the effects of varying these system param-
eters,
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II SUMMARY AND CONCLUSIONS

Present Market

The PCMI technology, as presently developed by NCR, exhibits several
unique and dramatic characteristics, such as reversibility, high resolu-
tion, and high reduction. However, based upon the findings of the re-
search, it is estimated that there is no market at present for the present
PCMI system in the fields of general microform publishing, on-demand
printing, or large files for document storage. These findings are di-
rectly attributable to the inability of the present PCMI system to meet
the minimum operational and economic requirements of users in these
fields.

The research did uncover one potentially attractive but limited spe-
cial application area for PCMI--that is, large-volume catalog or other
publication systems having annual requirements for providing approxi-
mately 2,000 copies of 400,000 pages each. These are unusual require-
ments and there appear to be only a few applications of this type. On
the basis of these findings, it is estimated that the annual market po-
tential for the present PCMI system is either 0 or $4 million,* depending
upon whether one large-volume catalog application suitable for PCMI can
be identified and sold.

The U.S. Navy Bureau of Supplies and Accounts (BuSandA) application
is the only potential one that was identified during the research. How-
ever, the reason for estimating that PCMI would be the most suitable
method for BuSandA was based upon an analysis of operating costs for four
alternative methods (paper, Microcard, Recordak, and PCMI) of implementing
catalog systems. The estimate did not consider other factors such as
Compatability with other systems, cash flow, investment required, mainten-
ance, and reliability, which may be overriding, or other alternatives such
as teletype communications, which may be more attractive. Thus, further
investigation of the BuSandA application is needed before the likelihood
of selling a PCMI system can be predicted. However, if one large PCMI
catalog system were sold, its sales value of $4 million would represent
approximately 20 percent of the annual value of the existing microform

equipment market.

* Based upon 1, camera-recorder, 2 printers, and 2,000 viewers.
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Microform Publishing

Microform publishing is a modest but growing field, with an esti-

mated total annual sales of $5 million. Most of the work is done by five

major organizations. Expansion of the market is hampered by the unpleas-
antness associated with the use of microform readers and restrictions of

current copyright laws.

The present PCMI system is the least economical of the four major
systems studied® for publishing and disseminating information (except
for the special case already mentioned). For most applications, the
relatively high cost of the PCMI viewer keeps the system from being com-
petitive with other alternatives. In addition, the present PCMI system's
high reduction ratio (200-to-1) conflicts with a user desire for a single
viewer, compatible with industry standards (in the range of 20-to-1 to
30-to-1), which would allow him to view microform material from many
sources.,

The present PCMI system is not competitive with Xerox Copyflo or
other equipment now being marketed for on-demand printing applications,

because the cost per page for the PCMI system is roughly double that of
competing systems,

Large Files for Document Storage

Users of large files for doc
requirements, which can be stated
update cycle time, and unit record
present PCMI system satisfies

ument storage have four basic operational
in terms of activity rate, access time,
size, For high activity files the
two of these requirements (activity rate
time and meet minimum requirements for the other
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activity file systems, making the PCMI system economically unattractive
to the user.

The present PCMI system meets the major operational requirements
of low activity file users but has a longer payback period (from 4 to
10 times longer) than other competing low activity file systems., This
effectively prevents entry of the present PCMI system into the low activ-
ity file market, where a premium is placed on low cost.

In both cases (high activity and low activity), it is the high cost
of conversion of the present PCMI system (4 to 12 times that of competi-
tive systems), which is caused primarily by the need for specially pro-
cessed microfilm input, that raises the total system cost to an uncom-
petitive level. In addition, the need for special precautions (e.g.,
silver-halide reprints, special handling) due to thermal decay of the
PCMI image in the present system makes the cost and complexity of updat-
ing in a high activity file unacceptably high.

Other Applications

The market in the photo-etching industry for photochromic materials
is estimated to be quite small (a maximum of $50,000 per year) in rela-
tion to the extensive development work needed to meet the custom require-
ments of this application.

So far as this research effort was able to determine, there is no
general class of military command-control applications suitable for the
present PCMI system., 1In the foreseeable future, the basic requirements
of military command-control systems appear to be for digital storage
(1o, binary information) rather than document or graphic storage.







III MARKET INFORMATION

It was not possible to assemble market data directly related to
applications suitable for the present PCMI system since, with the excep-
tion of large-volume catalog publication, no application was found for
the present PCMI system in microform publishing and large files for docu-
ment storage. Further exploration of the large-volume catalog market
would require identifying individual potential customers, and thus would
involve a magnitude of field work beyond the scope of this study.

It was possible, however, to gather information on the size of the
present and potential microform publishing industry and upon present and
potential applications for large file storage systems, as an indication
of the number and magnitude of future potential markets in these two
areas. This information is discussed below under the headings Microform
Publishing and Large Files for Document Storage. Information on the
present market for microform equipment, supplies, and services was also
gathered, as well as a description of the competitive structure of the
market, Both are discussed in this section of the report to provide in-
sight into the resources, product lines, and marketing efforts that com-
panies have found to be necessary for the successful development of these

markets.

Microform Publishing

There are currently about 45 U.S. organizations that could be called
microform publishers for the general public (see Appendix A). However,
only a few of these can be considered to be actual microform printers.
Also, most of them represent very special and narrow subject interests
(e.g., a single publication, or the literature of a very narrow subject
area) and are relatively small contributors to the microform publishing
business, In terms of their volume of publication business, the major
ones are the five described in Table I. The total U.S, microform pub-
lishing business is estimated to be a maximum of $5 million per year and
is less than 1/2 percent of the total U.S. book publishing business
(which is an estimated $1.129 billion per year).

In addition to microform publication for the general public, there
is some microform publication for a restricted group of users. Current

examples are the reports published in microform by the AEC, NASA, and
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Organization

Table I

Estimated
Annual
Sales

University Microfilms, Inc.
(Div. of Xerox Corp.)

Micro Photo,
(Div. of Bell % Howell)

Microfilm Service and Sales Co.

Microcard Editions, Inc,

(affiliate of J, g, Canner & Co. .

not available,

<
Pt

860,000

1,000,000

220,000

200,000

Inc,) 100,000

MAJOR U,S. MICROFORM PUBLISHERS AND PRINTERS

Estimated

Value of

Fixtures and

—Equipment

$200, 000

100, 000

25,000

20.000

Estimated

7}'_7:'_ ;.\'L,!' 151 )



ASTIA, and the manufacturers' catalogs and part specifications published
in microform by Thomas Publishing Co., Vendor Specs Micro File, and the
Army Missile Command (see Table II), A few other organizations are ac-
tively considering the possibility of publishing in microform. The im-
portant point to be made here is that the number of such organizations

is relatively small, and most of them are having their work done for them
by the printers and publishers listed in Appendix A.

Large Files for Document Storage

Although there has been a great deal of publicity during the past
seven years about the development of large mechanized file systems, only
a few of these have been sold to date. Table III shows an estimate of
the sales of large mechanized retrieval systems since 1955. Two systems,
Minicard (5 sales) and WALNUT (1 sale) account for 75 percent and 15 per-
cent, respectively, of the roughly $6.75 million total sales over the
seven-year period, and the remaining systems shown in the table account
for the other 10 percent of total sales. In any case, the average annual
market for the seven-year period is something under a million dollars.

There have been at least 10 manufacturers that have marketed large
mechanized image systems, some of them for over five years. However,
since 1958, the total number of these units sold in the United States
has been just a little more than the total number of manufacturers.
Many suggestions or hypotheses can be made as to why this kind of equip-
ment has not been more commercially successful, and the suggestions seem
to be directed toward three equally important areas: system economics,
performance characteristics, and customer service,

With regard to system economics, it seems that in most cases, there
are alternative approaches that are economically more attractive than
mechanized image systems. This is partly due to the relatively high cost
of the mechanized equipment, but it is also due in large measure to the
high conversion and operating costs of mechanized systems. For some of
the large manual file systems currently in operation, for example, con-
version costs would be on the order of a million dollars--mainly to de-
velop the data base needed for a mechanized system. There do not appear
to be many applications that can show a direct cost saving that would
justify the change-over to a mechanized image system.

With regard to performance characteristics, there appear to be a

limited number of users that could use the presently available mechanized
equipment--even if it were given to the user free of charge. This is
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Table IIX

EXAMPLES OF MICROFORM PUBLICATIONS FOR RESTRICTED GROUPS OF USERS

Number Number of Items Reference
Publications Microform of Users Published per Year (see below)
Thomas Register 4" x 6" microfiche 3,500 50,000 pages for 1963 1
100,000 to 125,000 pages
for 1964
Vendor Specs Micro-File 16mm film cartridge 100 75,000 pages 2
Army Missile Command reports 16mm film cartridge 35 140,000 pages est,. 3
OTS technical reports Roll microfilm 12 n.a. 4
AEC technical reports Microcard 300 n.a. 5
NASA technical reports 5" x 8" microfiche 125 25,000 to 30,000 reports 6

(may go (1.25 to 1.5 million
to 200) pages)

n.a, not

References

available.

W

Discussion with vice-president of womas Publishing Corporation.

Trade literature from Vendor Specs Micro-File.

-~

Electronic News, p. 30 (December 1 , 1962).

Description of 12 regional centers established by OTS to provide copies of
ASTIA, AEC, and NASA reports to the general public.

Publications by the Microcard Corporation.

unclassified

D. P, Waite, "Microfilm Card is Information Medium for Space :\gcncy.“ Systems Management,

PP. 27-29 (November 1962).




Table III

U.S. SALES OF LARGE MECHANIZED RETRIEVAL SYSTEMS SINCE 1955

Approximate Installed Estimated

Manufacturer System Sales Price Number  Total Sales

FMA, Inc. Filesearch $ 115,000 3 $ 345,000

J. Samain Filmorex 25,000 1 25,000

Benson-Lehner FLIP 45,000 2 90, 000

Magnavox MEDIA 35,000 2 175,000

Eastman Kodak Minicard Over 1,000,000 4 or § 5,000, 000
(est.)

IBM WALNUT Over 1,000,000 1 1,000,000
(est.)

Ferranti-Packard Rapid-Access 17,000 7{ 120,000

Look-Up System

RCA and Ampex Video File n.a 0 0

Info. for Industry CRIS 25,000 n.a, n.a.

AVCO Corp. Verac 903 n.a 0 0

Total $6,755, 000

n.a. = not available.
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Table 1V

MAJOR POTENTIAL APPLICATIONS FOR LARGE FILE SYSTEMS

AP ximate
N « {
Organization Reference
rganization r Application ! the U.S (see below)
v e ent ‘ ) t |
N " ‘ ™ A ent ' )
y Liogal ' ) |
tle ¢ 5 I 4
" '
{ y « { - N .
y y Ko § b i
¢
it e ny ' { )
efs)
ri z « 5 ' ‘
: . riefs)
- reg & 'S ' {ore 1 I
‘ g ¢ { ’ ka) < "
¥ i heck ( { '
Manufscture (genor « ‘ is) ( wit ver 1.0 -
L o
Sowspaper and magazine publishers (morgus 20,000 publications o
f past ssues)
pocial libraries (technical inforsaat ) 300 10
Public libraries 11,000 11
Industriasl research labs 5,000 12
local police files 20,000 sunicipalities 3
Exployment agencies (personnel records and 4,000 13
roquiresents)
Advertising agencies (copy and art work) 8,000 13
Fodoeral and state agencles n.a
n.a. not available,
References: 1 1960 American Medical Directory, American Medical Association,

535 North Dearborn Street, Chicago, Illinois,
Governments in the United States, Vol. I, No. 1, 19857 Census of

e

Governments, U.S. Dept. of Commerce, Bureau of the Census.

3. "1960 Directory of American Title Association," 3608 Guardian
Building, Detroit, Michigan.

4. "County Business Patterns, Part I, First Quarter 1956," U.8.
Dept. of Commerce and the U.S. Dept, of Health, Education and
Welfare (1958),

5. "1960 Life Insurance Fact Book," Institute of Life Insurance,
488 Madison Ave., New York, N.Y.

6. Best's Insurance News, (Fire and Casualty issue), Alfred M. Best
Co., Inc., 75 Fulton St., New York, N.Y. (April 1960).

7. SRI estimates.

8. Metropolitan Area and City Size Patterns of Manufacturing Indus-
tries, 1954, Area Trend Series--No. 4, U.S. Dept. of Commerce,
Business and Defense Services Administration, Office of Area
Development (June 1859).

9, 1960 Directory of Newspapers and Periodicals, N. W. Ayer and
Sons, Philadelphia, Pa.

10. Directory of Special Libraries, 1953, Special Libraries Assoc.,
31 E. Tenth St., New York, N.Y.

11. American Library Annual, 1957-1958, Council of National Library

Associations, and Library Journal published by R. R. Bowker Co.,
New York.

12. "Industrial Research Laboratories of the United States, 1956"
Publication 379, National Academy of Sciences--National Research
Council.

13. "1958 Census of Business, Selected Services, U.S. Summary,"

BC 58-SA1, the U.S. Dept. of Commerce, Bureau of the Census.




because the equipment, operating as a complete system, will not provide
the necessary performance with regard to such quantitative characteris-
tics as update cycle time, individual search response time, and search
throughput rate. These mechanized systems also fail to meet the desired
performance requirements with regard to such subjective characteristics
as ease and speed of error correction and file maintenance, ease and
speed of access for single or multiple users for parallel searching or
browsing, convenience to the user of the forms and media of the search
products, capability to handle a variety of forms and types of input
materials, ease and speed of framing a search question for the system,
In addition, the mechanized systems ordinarily perform only the central
function of storage and retrieval, whereas most applications require a
variety of other functions (e.g., sorting, merging, listing). On the
other hand, several of the mechanized systems can conduct rather complex
search questions with their built-in logical capability, but not all
large image files need this type of capability. And those that could
use this capability probably could still achieve it to an acceptable
degree with an expansion of their present manual system, One further
shortcoming of most present mechanized systems is their limited capabil-
ity to incorporate a variety of classifications or indexing systems.

If the equipment is purchased as a means of solving a particular
operational problem within a user's organization, then the prospective
user expects to receive assistance in system design and conversion, per-
sonnel training, and possibly other assistance, such as service bureau
facilities for file conversion. Manufacturers have not always provided

these services in the past and have probably had some disgruntled cus-
tomers as a result.

Table IV is a list of major potential applications for large general
purpose file systems, together with the approximate number of organiza-
tions in each application area, No attempt has been made to separate
the list into high and low activity files, since many organizations have
both. The approximate number of organizations in each application can
be considered as a rough indication (order of magnitude) of the potential
demand in the United States for large general purpose file systems, How-

ever, in viewing these figures, several qualifications should be kept in
mind :

Not all the organizations counted for any given type of applica-
tion will necessarily have files large enough or important
enough to warrant conversion to a mechaniz

ed or photo-image
system,
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Table 1V

MAJOR POTENTIAL APPLICATIONS FOR LARGE FILE SYSTEMS

Approximate
Number of
Organizations Reference
Organization or Application in the U.S. (see below)
Government hospitals (patient records) 1,650 1
Non-government hospitals (patient records) 3,500 1
County recorders (legal records) 3,047 counties 2
Title insurance companies (legal briefs) 2,500 3
County assessor (property and tax records) 3,047 counties 2
Security and commodity brokers (general 5,800 4
business records)
Life insurance companies (251 million 1,400 5
policy briefs)
Fire and casualty insurance companies 350 6
(policy briefs)
Credit reporting agencies (credit ratings) 3,300 7
Credit agencies (other than banks) 22,700 4
Banks (old checks) 16,200 4
Manufacturers (general business records) 2,000 with over 1,000 8
employees
Newspaper and magazine publishers (morgues 20,000 publications 9
of past issues)
Special libraries (technical information) 2,500 10
Public libraries 11,000 11
Industrial research labs 5,000 12
Local police files 20,000 municipalities 2
Employment agencies (personnel records and 4,000 13
requirements)
Advertising agencies (copy and art work) 8,000 13
Federal and state agencies n.a.

n.a. = not available.
References: 1. 1960 American Medical Directory, American Medical Association,
535 North Dearborn Street, Chicago, Illinois.

2. Governments in the United States, Vol. I, No. 1, 1957 Census of
Governments, U.S., Dept. of Commerce, Bureau of the Census.

3. '"1960 Directory of American Title Association,"" 3608 Guardian
Building, Detroit, Michigan.

4. '"County Business Patterns, Part I, First Quarter 1956," U.S.
Dept. of Commerce and the U.S. Dept. of Health, Education and
Welfare (1958).

5. "1960 Life Insurance Fact Book," Institute of Life Insurance,
488 Madison Ave., New York, N.Y.

6. Best's Insurance News, (Fire and Casualty issue), Alfred M. Best
Co., Inc., 75 Fulton St., New York, N.Y. (April 1960).

7. SRI estimates.

8. Metropolitan Area and City Size Patterns of Manufacturing Indus-
tries, 1954, Area Trend Series--No. 4, U.S. Dept. of Commerce,
Business and Defense Services Administration, Office of Area
Development (June 1959).

9. 1960 Directory of Newspapers and Periodicals, N. W. Ayer and
Sons, Philadelphia, Pa.

10. Directory of Special Libraries, 1953, Special Libraries Assoc.,
31 E. Tenth St., New York, N.Y.

11. American Library Annual, 1857-1958, Council of National Library
Associations, and Library Journal published by R. R. Bowker Co.,
New York.

12, "Industrial Research Laboratories of the United States, 1956"
Publication 379, National Academy of Sciences--National Research
Council.

13. '"1958 Census of Business, Selected Services, U.S. Summary,"

BC 58-8A1, the U.S. Dept. of Commerce, Bureau of the Census.







Some organizations, such as insurance companies, may need more

than one file system because of differences in the requirements
of the material to be filed.

3. Many of the potential users of large file systems will convert

to EDP rather than to photo-image systems for a number of the
reasons mentioned earlier.

4. The PCMI system as presently envisioned is not suitable for use
in these applications.

Market for Microform Equipment, Supplies, and Services

Size of the Market

Present annual sales of microform equipment, supplies, and services
are estimated to be approximately $250 million, and sales are increasing
at a rate of 10 to 15 percent per year. Thus, by the late 1960's, a mar-
ket of $500 million per year could be realized. Table V divides the es-
timated sales among equipment, supplies, and services.

Table V
THE MICROFORM MARKET

Estimated 1962 Sales

Millions
of Dollars

Equipment $ 20

Supplies 60

Services (labor, overhead,

conversion) 170
Total $250

Sources: U.S. Department of Commerce; SRI.
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The largest segment of the estimated $60 million dollar annual mar-
ket for microform supplies is composed of sale
Since at present, PCMI does not contemplate the production of original
images, the 3-to-1 ratio between supplies and equipment, shown in
Table V, should not be considered representative of the ratio between
supplies and equipment that would be realized in a PCMI system. In
large information retrieval systems such as WALNUT, Minicard, or MEDIA,

s of silver-halide film,

annual expenditures for supplies are estimated to be one-fourth or less
of the cost of the original equipment. In diazo or xerographic systems
that are dependent upon microfilm for the creation of original images,
it is estimated that the annual sales of supplies are less than the an-
nual sales of equipment. Since the PCMI system at present contemplates
implementing a silver-halide system in a somewhat similar fashion to

the capability of a diazo or xerographic system, {t is estimated that
the sale of photochromic supplies, such as film and paper, would also

be less than the sales of equipment--probably smaller than in a diazo or
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Table VI

MICROFORM EQUIPMENT MARKET
Estimated 1962 Sales

Number Millions
Type of Equipment of Units of Dollars
Readers (including reader-printers,
card-to-card printers, roll-to-roll
printers) 10 to 15,000 $ 5 to 8
Cameras 3 to 4,000 7 to 10
Large information retrieval systems 0.5 to 1
Accessories & miscellaneous equip-
ment, (cabinets, enlargers, proces-
sors, film mounters, etc.) 3 tol5
Total sales $16 to 24

Sources: U.S. Dept. of Commerce; SRI.

The table shows that about 75 percent of the equipment market is
composed of sales of readers, printers, and cameras; camera sales are
estimated to be almost one-half total equipment sales. Sales of readers
without a printing capability, in the $400-$600 price range, are esti-
mated to account for over 50 percent of the total sales value of readers
and printers. The balance is accounted for by sales of reader-printers
in the $650-$900 price range and by sales of other printers and copiers
in the $750-$25,000 price range. Table VII lists representative selling
prices of microform equipment.

Sales of large information retrieval systems such as WALNUT and
Minicard have never been large and they have been declining since the
initial sale of 4 or 5 Minicard systems prior to 1961, With the excep-
tion of one WALNUT system, the study was unable to uncover any evidence
that there have been any sales of such large information retrieval sys-
tems since 1960. There have been some sales of somewhat more moderately
priced information retrieval equipment such as Filmorex, FMA Filesearch,
and Magnovox MEDIA. However, total equipment sales for these information
retrieval systems are estimated not to exceed $1 million per year,
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Table VII

REPRESENTATIVE PURCHASE COSTS FOR COMMON MICROFORM EQUIPMENT

Approximate

Type of Equipment Purchase Cost"
Cameras for general business recording $350 to 2,700
Cameras for precision filming 3,000 to 8,000
Readers 150 to 1,000
Reader-printers 650 to 2,500
Contact printers (roll-to-roll) 1,800 to 3, 100
Aperture card copier (slow speed) 750
Aperture card copier (high speed) 25,000

Hard copy printer (high speed printing from

aperture cards) 8,000 to 160,000
3 Aperture card mounter (manual) 700
“ Aperture card mounter (high speed) 33, 000
Microfilm storage cabinet (5-drawer) 200 to 260
Microfilm storage cabinet (10-drawer) 250 to 440
a.

H. W. i .
Ed-w- Ballou‘, Guide to Microreproduction Equipment, Second
ition, National Microfilm Assoc. , Annapolis, Md. (1962).
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Competitors and Competitive Practices

In assessing the share of the microform market that the PCMI system
might obtain, it is worthwhile to review the types of organizations now
serving the market and the kinds of services and facilities that these
companies have found to be necessary for success,

The microform market is dominated by four companies--Eastman Kodak,
Minnesota Mining & Manufacturing, Remington-Rand, and Bell & Howell.
These four companies account for an estimated 75 percent of the sales of
equipment and supplies, and Eastman Kodak alone accounts for 30 to 40 per-
cent. The other 25 percent of the market is divided among many organiza-
tions; Appendix B lists approximately 100 of them. In addition to sup-
plies and equipment, the major companies supplying the microform market
have found it necessary to provide many types of services; among these
are equipment maintenance, technical advice on the operation of the equip-
ment and the use of film and paper, and advice on how to obtain the opti-
mum results from a microform system. It should be emphasized that most
users of microform have little technical knowledge or office systems
knowledge and depend upon the supplier to provide the necessary applica-
tion experience to assure a successful installation. The large companies
are able to furnish this assistance through large marketing organizations.
For instance, Eastman Kodak markets equipment and supplies through its
Recordak division and Minnesota Mining and Remington-Rand through their
office system marketing facilities; Bell & Howell has recently created
a separate division for the sale of microform equipment and supplies.
These companies also have extensive nationwide distributional outlets
suitable for serving microform markets, such facilities having been al-
ready established for other segments of the firms' businesses. The field
is characterized by well-established and skilled marketing organizations
that have been created as a part of a very large business enterprise but
which are well suited for use in the microform market.

As can be seen by the listing in Appendix B, the microform market
is also characterized by the presence of many small manufacturers produc-
ing microform equipment for custom installation and by the exploratory
efforts of some larger organizations such as Chas. Bruning, Fairchild
Camera & Equipment, and Xerox Corp., which participate in the microform
market as an adjunct to their main product line. Thus, the competition
in the market is quite keen and diverse, ranging from the well-organized
and well-funded efforts of Eastman Kodak to the attempts of the small
marginal manufacturer to enter the market through the sale of specialized

equipment produced in a job-shop operation,
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IV MICROFORM PUBLISHING

Characteristics of Microform Publications and Publishers

The practice of publishing material in microform such as roll micro-
film, microfiche, or Microcards, seems to have started on a significant
scale about a decade ago when librarians became increasingly aware of the
fact that their book collections were literally falling apart because of
age, handling, and the poor materials used in the paper, inks, and bind-
ing. This was particularly true of newspaper and magazine collections.
The concern for the potential loss of much important reference material
was further aggravated by the Second World War and its attendant destruc-
tion of cities and their library collections. Consequently, the practice
of microfilming library materials was instituted in the thought that for
security purposes, at least one copy of the library material would always
be available in some safe location. The primary emphasis at this time
was placed on filming old newspapers and books that were in danger of
falling apart or becoming illegible or being destroyed in some other way .
Examples of such old material that was later published in microform are
the Journal of the Congress of the Confederate States of America, 1861-
1865, The Boston Evening Post, 1735-1775, Irish Newspapers Prior to 1750,
Analecta Hymnica Medii Aevi (a collection of medieval Christian hymns in
the original Latin text). Thus, this first emphasis was on the use of
microform for replacement and security storage.

From this early beginning, the practice of microform publication has
now been extended to provide duplicate sets of reference works and collec-
tions of information that had not been published previously, and would
otherwise have been very difficult for the users to get access to. Ex-
amples of such collections are the Transcript of the Trial of Adolph
Eichmann, Adams Family Papers, Texas Diplomatic Notes from 1836-1845,

Texas Conference Army Muster Roll Cards, and Medical Records of Western
U.S. Army Posts from 1845-1900.

Microform publication has also been used as an auxiliary means of
publication to provide additional copies of material that was initially
published in a limited edition. Examples of microform editions of pre-
viously published material are the Annales de la Chambre des Députds ,
Débats Parlementaires, 1918-40, and the National Bibliography of South
America. Examples of microform editions of material that is concurrently
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published in paper form are the Official Document.s\ of the Organization

jcan States, Reports of the Atomic Energy Commission, French Chemi-
::IA::.:ents, and Annual Reports of 1084 Members of the New York Stock'gx_
change. The Transactions of the American Nuclear Society recently ini-
tiated the practice of providing & Microcard copy of this publication to
accompany every original paper version; this is the first time that a
technical journal publication has been sent to all subscribers in a com-
bined paper and Microcard edition, although this has already been done
for some books and conference proceedings.

Within the last few years, microform has also been used as a medium
for primary publication when it would not be economically feasible to use
conventional publication practices. Three examples of recent publications
which exist only in microform are the Journal of Wildlife Diseases, m
First Six Million Prime Numbers, and the I1GY Weather Records

The last major type of application for microform has been the re-
placement of material that is bulky, expensive to bind, and receives rela-
tively infrequent use. The prime example here is the replacement of
files of current newspapers by microfilm editions. Approximately 90 per-
cent of the current U.S. newspapers are now available in microform edi-
tions. The usual library practice in these cases is to maintain current
subscriptions to both the paper edition and the cumulative microform
edition, so that the paper copies can be thrown out when warranted by
low frequency of use or lack of storage space. In some cases, it may be
fore economical for libraries to keep microform backfiles of periodicals
than to bind and store the accumulated paper copies. It is argued that
the cost of the microform edition may be less than the st
ing costs of the original material--es
an indefinite period,
they represent one way
plete set of back issue
issues of Electronics,

orage and bind-
pecially if it is to be stored for
One other argument for microform backfiles is that
in which a new library can easily acquire a com-
S at a reasonable cost. The entire set of back
for example, from 1930 to the present (represent-
elf space) could be obtained at a cost of about
Some of the types of material available in micro-
osts, is given in Table VIII

$485. An indication of
form, as well as their ¢

Types of material which

TS are generally not published in microform

ght be calleqd entertainment reading (i.e., children's
of-the-month club selections). The micro-
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Table VIII

TYPES OF MICROFORM PUBLICATIONS AND REPRESENTATIVE COSTS

Approximate
Type of Cost per Page Total Cost Number Reference
Microform Publication (cents) (dollars) of Pages (see below)
Readex microprint Biblio. by Medina 0.49¢ $ 75 15,300 1 (p. 69)
Nat'l Biblio. of Portugal 0.50 42 8,370 1 (p. 68)
Nat'l Biblio. of Cuba 0.50 40 7,946 1 (p. 68)
Nat'l Biblio., of So. America 0.51 52 10, 280 1 (p. 68)
Proc, Int'l Conf. on Peaceful
Uses of Atomic Energy 0.56 50 9,000 1 (p. 68)
Microcard First Six Million Prime Num-
bers (book) 0.73 35 4,800 2
Proc, Int'l Conf. on Peaceful
Uses of Atomic Energy 0.78 70 9,000 1 (p. 60)
American Documentation 0.79 25 3,157 1 (p. 68)
Eichmann Trial Transcript 0.82 37 4,500 3
Annals of German Reichstag 0.87 975 112,000 4
Annals of French Chamber of
Deputies 0.95 950 100, 000 4
Medieval Christian Hymns 2.0 300 15,000 5
Roll microfilm Short-Title Catalog of Books:
1641-1700 0.55 550 100, 000 1 (p. 69)
Physics Abstracts 0.56 12 2,100 1 (p. 60)
Dissertations 1.25 - - 6
Texas Historical Newspapers 1.32 330 25,000 7
Mexican Archives 1.66 5,000 300, 000 8 (p. 13)
All American Periodicals prior
to 1850 0.45 450 100, 000 9
Current Periodicals 0.25 to 0.33 - - 9

References:

6.
7.
8.
9.

Subject Guide to Microforms in Print: 1962-1963, A. Diaz, Ed., Microcard Editions, Inc.,
Washington, D,C, (1962).

Microcard Bulletin No. 20 (January 1960), Microcard Editions, Inc., Washington, D.C. (19862).
Microcard Editions, Inc., brochure 62.8.20, Microcard Editions, Inc., Washington, D.C.

(1962) .
Microcard Editions, Inc., brochure 62.10.19, Microcard Editions, Inc., Washington, D.C.
(1962).
Microcard Editions, Inc., brochure 62.8.15, Microcard Editions, Inc., Washington, D.C,
(1962) .

Dissertation Abstracts, p. 1ii1 (September 1962).

Microfilm Service and Sales Co,, sales brochure.

A Catalog of Selected Microfilms, Micro Photo, Inc., Cleveland, Ohio (September 1962).
E. Power (Pres, University Microfilms) stated, "We supply current periodical material at
rutes which vary from one-fourth to one-third of a cent per page,” in "Microfilm--The
Versatile Academic Tool," a paper in Microtexts as Media for Publication, pp. 10-26
(Hertfordshire County Council Tech. Info. Service, Hertfordshire, England, 1960),
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Institute of Radio Engineers) of not permitting their journals to be
ns

published or sold in microform.

One general characteristic of the microform publication practice
that should be noted here because of its implication for the PCMI sys-
tem, is the size of the item (book, report, patent, catalog, etc.) that
is to be published, as well as the usual size of the press run or initial
distribution. Since the ultimate users of the microform seem to prefer
having their material in unit record form (e.g., one report per roll or

‘ per Microcard), a study of some of the material to be published would
give an indication of the requirements for storage capacity of the PCMI
card. Table IX provides some estimates of the average sizes and ranges
of sizes of reports, books, and other material, and indicates that the
planned PCMI capability of 3,000 page images per card is in excess of
most of the present publishing requirements, if the microform is to be
used in a unit-record manner. In a corresponding manner, an analysis of

the unit-record size of various types of commercial or government file
materials leads to the same conclusion (see Table X)

As indicated earlier in Table I1, the press runs for microform edi-

tions are generally in the scores, or hundreds, but seldom in the thou-
sands,

The Economics of Publication in Microform

; It is clear that for many applications, the publishing costs for
microform editions may be less than

the publishing costs for full-size
paper editions, However,

under some circumstances the operating costs
distribution system (including costs of pub-
S well as costs for viewing equipment and its

Paper system Fu e microform System than a conventional
nomical ! Teiermare, there may be microform systems that are eco-
cally more attractive than PCMI, 7

some of these €conomic consi
of the costs of Publication

This section of the report discusses
derations and pProvides several comparisons
in PCMI and in other forms

g d :ks of this project was to obtain a complete

along with ) © Appendix C) of the Proposed PCMI systems,

could be establisheq at e o lemental operating times and costs that
next step was to compute estimates
©f the pCuI Systems for different sets

*» With different degrees of equipment utili-
of images Peér card). The basic assumptions
¥5ls are Presented in Appendix D A summary




Table IX

ESTIMATED UNIT RECORD SIZES OF VARIOUS TYPES OF PUBLICATIONS

Average
Range of Size Size Reference
Type of Publication (pages) (pages) (see below)
Dissertations 34-885 185 1
Patents 1-640, with 99% having 6 2
less than 25 pages
Books 2-8,011 296 3
NASA reports 1-1,049 50 4
NASA reports 50 5
NASA reports 80% have fewer than 6
75 pages
ASTIA reports 1-790 50 7
AEC reports 1-601 72 8
Air Force technical orders 1-2,500 50 9

References:

Analysis of 620 dissertations described in the September 1962
issue of Dissertation Abstracts.

P. Urbach, "A Future Microsystem for the U.S. Patent Office,'
Proc. 11th Annual Convention of the Nat'l Microfilm Assoc.,
pp. 153-164, Nat'l Microfilm Assoc., Annapolis, Md. (1962);
and "On Demand Patent and Copy Order Fulfillment Program,"
an undated report of the U.S. Patent Office.

Analysis of the 862 new books described in the Pure Science
and Technology sections of the October and November 1962
issues of the American Book Publishing Record.

Analysis of the 483 reports described in Scientific and Tech-
nical Aerospace Reports (NASA), Vol. 1, No. 1 (January 8, 1963).

'

D. P. Waite, "Microfilm Card is Information Medium for Space
Agency," Systems Management, pp. 27-29 (November 1962).

M. S. Day, "The Scientific and Technical Information Program
of the National Aeronautics and Space Administration,"” in
The Literature of Nuclear Science, Report TID-7647 of the AEC

Technical Information Division, Oak Ridge, Tennessee.

Analysis of the 692 reports described in the section of unclas-
sified reports of the December 15, 1962 issue of the ASTIA
Technical Abstract Bulletin.

Analysis of the 274 most recent reports received by the AEC

Depository at SRI.
Figures from a Lrip report by an NCR staff{ member.
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Table X

ESTIMATED UNIT RECORD SIZES OF VARIOUS TYPES OF FILE MATERIAL

Type of Material

Range
of Sizes
(pages)

VA hospital patient
medical records

AF officer personnel
records

Army personnel records

Credit rating files

n.a. = not available.

References: 1.

100-300

1-20

Discussion with a member of
Management Department, Veterans Adm

Average
Size Reference
(p:lh'('h ) ( \}.,‘;Lf'_l oW )
400 1
500 2
n.a 3
2 1

the Records

ANlsS~

tration, Washington, D.cC.

2. Discussion with

@ representative of the
U.S. Air Force Administy

ative Services

Office, Washington, p.cC.

ment for y.s. Army Adjut

Discussion with Direct

Oor of Records Manage-

ant General's Of-

fice, Washington, D.C.

York.

Discussion with Manager of
Research of Dun & Bradstreet

Methods and
Co. New




illustration of the PCMI printing costs for different operating conditions
is given in Figure 2. It can be seen that no single figure can be quoted
as a general cost per card or cost per image, although the generalization
can be made that for press runs of over 100 copies, the cost per image is
less than one-half cent for a PCMI card that contains 300 or more images.
From a cost standpoint, there is little advantage to going beyond

3,000 images per card. As previously mentioned and as noted in Tables IX
and X, there may also be little operational advantage in going to a PCMI
card with more than 3,000 images, since many of the items that might be
stored or published ordinarily consist of only a few hundred images.

The printing costs for other microforms such as roll microfilm or
Microcards also vary, and are sometimes more, and sometimes less than
PCMI costs. An exact comparison depends upon a study of specific appli-
cations, some of which were given previously in Table II. An illustra-
tion of a general cost comparison of the printing cost of PCMI and sev-
eral other competitive microforms is given in Figure 3. For most of the
current applications, the least expensive form of printing seems to be
roll microfilm, followed by Microcard, a microfiche equivalent of the
Microcard (not shown in the figure), and roll microfilm in cartridge form.
Current estimates of PCMI printing costs are included within the range
of these competitive systems, with the specific cost depending upon the
application.

It should be noted that the printing or publishing costs alone do
not tell the whole story. It is somewhat unrealistic for an entirely
new system such as PCMI to be compared with other alternatives solely on
the basis of printing or publication and distribution costs. For this
reason, two representative systems (the publication and distribution of
some of the Thomas Register catalogs and some of the Navy Supply Catalogs)
were selected for a comparative analysis of relevant cost factors. These
two examples are described below.

The specific assumptions and derivations for the cost analysis of
the Navy Supply Catalog are given in Appendix E. The resulting cost esti-
mates for four alternative methods of publication (paper, Microcard, Re-
cordak, and PCMI systems) are summarized in Table XI. These are the
equivalent annual costs for publishing a new 3,000-page catalog four times
a year and distributing single copies to 2,000 different users. The cost
for composing and printing the master copy of each page is not included
in this estimate since that cost is common to all of the methods being

studied.

This particular analysis shows that from an economic standpoint, the
best alternative for the Navy is to stay with the present system of
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Table XI

RESULTS OF COST ANALYSIS OF FOUR ALTERNATIVE METHODS FOR
PUBLISHING THE NAVY SUPPLY CATALOG
(A 3,000-page Catalog Published 4 Times a Year

and Distributed to 2,000 Users)?

Annual Cost

Present
Paper Microcard System Recordak System PCMI System
(min.) (max.) (min.) (max.)

Cost Element _System (min.) (max.)

Catalog printing $ 75,000 $ 72,000 $ 72,000 $ 41,130 $ 41,130 41,210

2,000 viewers, amortized
86, 660 300, 000 FL3 s < . K 1,200,000

over 3 years

Maintenance for 2,000

viewers 20,000 20,000 46, 96, 660 360, 000 500,000

Postage 1,200 , 200 1,600 ‘ 400

Total annual cost $163,320 $£179,.860 $393, 200 $412,720 $802,720 $1,601,610 $2,208,270

»

a The detalled analysis 1s given in Appendix E




full-size paper catalogs and not to publish in microform. If the pub-
lishing is to be done in microform, then the most attractive approaches,
economically, are the Microcard, Recordak film cartridge, and PCMI sys-—
tems, in that order. Under the most optimistic circumstances, the PCMI
system would still cost six times more than the Microcard system, and
about twice as much as the Recordak system. PCMI is clearly not a strong
competitor for this application. There is the further fact that in this,
and other applications, the total cost of Microcard and Recordak systems
may actually be less than that shown in Table XI because of the fact that
the user may already possess the required type of viewing equipment, and
will not have to charge another viewer to the system cost estimate. This
is not the case with the PCMI equipment. An examination of Table XI shows
that the major item of cost in the PCMI system is the viewing equipment
and its maintenance. The printing cost is a small fraction of the total
cost.

All of the analyses done in this report assumed that the entire cost
of viewers and their maintenance would be charged to the information sys-
tem. This would probably be the case for information networks with cap-
tive audiences (e.g., the Navy Supply Catalog system, or a system for
sending out parts catalogs from automobile manufacturers to their dealers).
This Navy catalog example suggests that the cost to the user of the PCMI
viewer should be about $200 in order to arrive at a total system operating
cost that is the same as the present paper system.

As another illustration to show how the PCMI system compares with
other microform systems, a comparative analysis was made for another real
application-~-the publication of the Thomas Register. The specific as-
sumptions and derivations for the cost analysis are given in Appendix F.
The resulting cost estimates for four alternative methods of publication
(microfiche, Microcard, Recordak, and PCMI) are shown in Table XII. These
are the equivalent annual costs for publishing a new 60,000-page catalog
annually and distributing single copies to 3,500 users. This particular
analysis shows that from a cost standpoint, PCMI is the least attractive
of the four different microform systems, and is actually about four times
more expensive than the present microfiche system. And even though the
PCMI system has the lowest printing or publishing costs of all four sys-—
tems, this is more than offset by its equipment and maintenance costs,
which are the highest of all four systems. In this particular applica-
tion, the PCMI viewers would have to be sold for about $400 in order to
arrive at a total operating cost for the PCMI system that is the same as

the present microfiche system.

Because the PCMI system was more costly than the other alternatives
in both of these comparisons, even with its relatively low printing costs,
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Cost Element

3,500 viewers

Maintenance

Catalog printing

amort i zed

3,500

COST ANALYSIS OF FOUR ALTERNATIVE METHODS FOR
PUBLISHING THE THOMAS REGISTER
(A 60,000-page Catalog Printed Annually and
Intended for Distribution to 3,500 Users)®

Table XII

Annual Cost

Present

Microfiche

$315, 000

408 330

35,000

10. 500

S$768.830

_Microcard System Recordak System

PCMI System

(min.)

(max.)

h

N
)

“*»

“h

, 380

000

000

350

730

80,380

2,916,670

875,000
350
$3,872, 400




it was of interest to find out how the total costs for all the alterna-
tives varied with the amount of printing to be done. Figure 4 shows the
total system costs for four alternative systems (paper, Microcard, Re-
cordak, and PCMI) as a function of the number of pages published in each
quarterly catalog. This was for an application that required the distri-
bution of single copies to 2,000 users. The specific assumptions and
derivations for this cost analysis is given in Appendix G. The costs for
the microform alternatives are given as ranges of costs, with the upper
and lower bounds reflecting differentmodels of viewing equipment that are
available for the various microforms. It can be seen that because of the
relatively high fixed costs of the PCMI system, it does not become the
most economical system (for 2,000 users) until the system publishes a
100,000~ to 150,000-page catalog every quarter. There are probably very
few organizations that have this type of publishing load. It can also

be seen that, depending upon the volume of material to be published, any
of the four alternatives may at some point be the most economical system.
There is no single "best'" system.

Because this breakeven analysis was only for an application that
required copies to be distributed quarterly to 2,000 users, it was of
interest to find out how the PCMI breakeven point varied with the volume
of publication and the number of users. General expressions were derived
(see Appendix G) that described the equivalent annual costs of the paper,
Microcard, Recordak, and PCMI systems as a function of the volume of pub-
lication and the number of users. These functions were evaluated over a
range of values to determine which system was the most economical for
different operating situations. This information is summarized in Fig-
ure 5, which shows the operating conditions under which the PCMI system
is more economical than the other alternatives. Figure 5 is for the most
optimistic PCMI equipment costs. It can be seen that generally the PCMI
system does not become the most economical system unless there is a re-
quirement to publish the equivalent of a catalog of at least 400,000 pages
once a year, and then only under the condition that at least 2,000 copies
of this catalog are printed. There appear to be relatively few publish-
ing applications of this magnitude. Examples of a few representative
catalog publishing jobs are described in Table XIII (see also Table II).
It can be seen from Figure 5 that the PCMI system is the least economical
alternative for all but one of these applications.

The main conclusion to be drawn from this study of the relative eco-
nomics of a total microform publication and dissemination system (d.ed,
including the cost of providing and maintaining viewers as well as print-
ing and distributing the published material) is that there is a very
limited area in which the PCMI system is the most economical of the four
alternatives studied. Furthermore, the bounds of this area are such that
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Table XIII

REPRESENTATIVE EXAMPLES OF LARGE CATALOG PUBLISHING APPLICATIONS

Total Total
Size of Number
Catalog Frequency of of Pages Reference
Application Number of Users (E!E") Publication _per Year (see below)
Chevrolet dealers' parts catalog 5,000 get single copies 4,000 Bimonthly 24,000 1
1,000 get two copies
Sweets ' Cata{g! (proposed) 5,000 250, 000 Annually 250,000 2
2 Thomas Register (proposed) 3,500 50, 000 Annually 50, 000 3
E Vendors Specs Micro-File 100 75, 000 Annually 75, 000 4
Army Missile Command missile
parts catalog as 140,000 Annually 140, 000 5
Navy Supply Catalog 2,000 300, 000 Quarterly 1,200, 000 6
References: 1, Discussion with sanager of Catalogs for the Genmral Motors Parts Division., The Chevrolet

Division has the largest number of dealers of any of the General Motor Divisions.

Letter to NCR fro=s Manager of Market Research Dept. of Sweeots' Catalog Service, New York.
Trade literature of Thomas Micro-Catalogs, New York.

Trade literature of Vendor Specs Micro-File, and discussions with its competitors.
Electronic News, p. 30, December 17, 1962 (the frequency of publication is not stated, but
Assumed to be annually).

6. Information from reports of NCR staff members.
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this probably represents only a very few real applications. If the ’
criterion for economic comparison is to be solely printing and distribut-
ing costs, and this may not be a realistic comparison, then the PCMI sys-
tem may, for some special applications, be better than the other alter-
natives.

Potential for PCMI in the Microform Publishing Market

On the basis of the present volume of the microform publishing
business, it appears that there are currently fewer than five microform
publishers or printers that would even consider the acquisition of PCMI
equipment. Furthermore, the interest of these five organizations in the
PCMI equipment would be tempered by: (1) the relatively large (for them)
capital costs, (2) the fact that their users or potential customers do
not have PCMI or PCMI-compatible viewers, and (3) the relatively unfa-
vorable PCMI system costs for the major areas of potential application.

On the basis of the relative economics of alternative means of pub-
lishing in microform, it appears that there is only a very restricted
area (large-volume catalogs) in which the PCMI system is the most attrac-
tive--and there appears to be very few current applications in this re-
stricted area,

From the viewpoint of the individual library as a potential customer
for microform editions, there would be extreme reluctance to spend a
great amount of money for a PCMI viewer if an alternative microform edi-—
tion was also available with a reduction ratio that would allow some of
the present and less expensive viewers to be used. Libraries will con-
tinue to have a need for viewers to handle microforms with the present
reduction ratios (say 18:1 to 30:1), and will not be inclined to add a
PCMI viewer just to handle some special editions. It seems reasonable
to assume that the same published material may be made available to the
libraries in several alternative microforms (e.g., PCMI and roll micro-
film) so that the PCMI viewer will not be associated with an exclusive
body of material. Consequently, even if one of the major microform pub- |
lishers marketed PCMI editions of its material, the users might still
have, and use, alternative sources of supply for the same material so
that they would not have to acquire PCMI viewers.

Potential for PCMI in the On-Demand Printing Market

At the start of the research effort, it was suggested that the PCMI
viewer-printer might be usefully employed for on-demand printing. That
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r situations in which a full-gsize
s eqmpmentd:ig:;-:eemau::.m:ff:one item in a master file This type
e m:em’:].y exists in the furnishing of copies of U.8 patents,
L t-of-print books, and many other materials, at the time
I ted With the advent of less expensive copying equip-
e a::dr::::scopg;ing work is being done on-demand instead of print-
T::tc':o:::: in advance and storing them for possible requests

The PCMI system studied for this application consisted of a viewer-
printer equipped to produce hard-copy prints directly from a file of
images on PCMI cards. The specific descriptions and cost estimates for
this PCMI system are given in Appendix H. Representative costs for al-
ternative methods of on-demand printing are given in Table XIV An {1-
lustrated summary of the relative economics of these alternatives is pro-
vided in Figure 6. The unit record sizes for several current on-demand
printing operations are given in Table XV From the data in Figure 6
and Tables XIV and XV it can be seen that the PCMI method is generally
more expensive than several other alternatives Furthermore, this par-
ticular analysis did not include the cost of init ially preparing the PCMI
file cards, which would be more than four or five times the cost of pre-
paring the roll microfilm files . At this point it appears that the PCMI
equipment when used in this manner is generally unsuitable for primary
useé as an on-demand printer.

Restrictions on Microform Publication dye to Copyright Laws

The copyright laws put some restrictions on the practice of publica-
tion in microform. Since microfilming is essentially a copying operation,
it is not permissible to microfilm copyrighted material for private use
or for sale, without Prior permission from the copyright holder. This
restriction has Prevented microform publishers from providing a larger

selection ang catalog of microform editions than might otherwise have
been possible . This rest

tain material in microform (e.g., the
erature in Chemistry or electronics)
image equipment

Some publishers,
Institute of Radio Eng
lished in microform.
luctant tq delegate an

for €xample,

the American Chemical Society and the
ineers, will

Dot allow their Journals to be pub-
¥ because these Oorganizations are re-

y of ¢t
to another organizati heir Publication or ré-publication privileges
| on. They would prefey to re

their materia) and tain complete control of
' the ha

| editions of their work Y Ave kg Very little user interest in microform

‘ $. To provide 8 significant and attractive catalog
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Table XIV

REPRESENTATIVE COSTS FOR ON-DEMAND PRINTING

Approximate
Form of Cost per Page Reference

Type of Service Source Medium (cents) (see below)

Xerox copies of dissertations Roll microfilm 4.5¢ including 1
binding

Xerox copies (9" x 11'") (add. Roll microfilm 4.25¢ 2
1.0¢/page microfilm charge if no
original film is available)
Xerox copies on Copyflo equip- Roll microfilm 4.9-7.1¢ 3
ment (8-1/2" x 11" page, includ-
ing chopping)
Xerox copies of out-of-print Roll microfilm 3.5¢ 4
books (including binding)
Xerox copies from bound volumes Bound volumes 4.0¢ 5
Thermofax copies from bound Bound volumes 7.5¢ 6

volumes

References: 1. Dissertation Abstracts, p. iii (September 1962).

2. Duopage Price List of Micro Photo Inc., Cleveland, Ohio.

3. Approximate price range from six commercial sources from
W. R. Hawken, "Developments in Xerography: Copyflo, Electro-
static Prints, and O-P Books," College and Research Libraries,
pp. 111-117 (March 1959).

4. E. Power, "Microfilm as a Library Tool," Special Libraries,
Vol. 51, No. 2, pp. 62-64 (February 1960); and "Microfilm-The
Versatile Academic Tool,' cited earlier.

5. Discussion with Dep. Chief of Reference Services Division of
the National Library of Medicine. This cost is based on data
collected from the library's 1961 experience in providing
2.2 million pages of photocopied library material. For addi-
tional information, see "Survey of the Interlibrary Loan Opera-
tion of the National Library of Medicine,' by W. H. Kurth, a
report of the U.S. Dept. of Health, Education & Welfare. Pub-
lic Health Service (April 1962).
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Table XV

REPRESENTATIVE UNIT RECORD SIZES FOR
SOME ON-DEMAND PRINTING APPLICATIONS

Average Size
of Item Printed Number of Items

Reference

Application (pages) Printed per Year (see below)
U.S. patents (U.S, Patent Office) 6 n.a. 1
Technical reports (ASTIA) 50 n.a. 2
Journal articles (NLM) 22 120, 000 3
U.S. dissertations 185 15,000 to 30,000 4

n.a. = not

References:

available.

1. "On Demand Patent and Copy Order Fulfillment Program,” an undated
report of the U.S. Patent Office.

2. See Table IX.

3. Discussions with Dep. Chief of the Reference Service Div. of the
National Library of Medicine.

4. Table IX, and E. Power, "Microfilm--The Versatile Academic Tool,"
cited earlier.



must gO hrough a considera
form publisher go t ble amount
of holdings, a microlo - S iate § it

to contact the yvarious
of effor::)l_Oh in microform. In most cases, the microform publisher is
to re-publis : ublisher.
actually a re-publisher rather than the prime P

There is also some restriction on the purchase of microform editions,
er
For example University Microfilms, the largest mic roform publisher,

!

states that in negotiating its publication rights, it obtains an individ-
ual license from each publisher for each journal Each original publisher
is paid a 10 percent royalty and 1s assured that microform editions will

be sold only to those purchasers who provid

already subscribers to the paper edition
be necessary to assure the primary publisher that his subscription revenue

will not be jeopardized by the microform edition

e a statement saying they are
This requiremsent is felt to

It is probably not entirely coincidental that many of the presently
available microform publications are for material that (1) was never
copyrighted, (2) is old enough that the copyright has expired, or (3) is
from a former enemy national whose copyright was assumed and licensed by
the U.S. government. In October 1962, President Kennedy signed Public
Law No. 87-846 which includes provisions whereby most copyrights of former
enemy nationals now held by the Attorney General are to be returned to
the original publishers effective January 21, 1963 This may have the
effect of making it even more difficult to obtain permission to provide
microform editions of much of this material

The general availability and use of office copying equipment has led
to a great deal of copying of published material without the publishers'
permission, and thig has disturbed some publishers Put there have been
very few instances of duplicating material from microfors publications
(e.g., duplication of roll microfilm). This i« probably becsuse of the
technical problems and costs presently associated with making duplicates.

Mi
icroform publishers would be pleased With the PCMI overcoating arrange-
ment that makes it extremely difficult to m

of finished PCMI prints, ake bootleg microform copiles

In any case, many publishers

are in one way or another hindered by the P
is currently mu e
rent studiez byczhin:msland Erowing pressure to change the laws,  Curs
un )
€1l on Library Resources. the National Science

e
+ ®Quipment manufacturers, and users

nt copyright laws There
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Foundation, and other interested groups should provide more information

on this matter.*

Reactions of Readers to Microform Publications

Microform copies are tolerated by users but are seldom preferred.
They are tolerated when the original or page-size hard copy is not avail-
able, and almost always represent a less attractive alternative to view-
ing the original. The greatest factor in the lack of popularity of
microform systems seems to be the unpleasantness associated with the use
of microform readers. For some applications where the information is
available only in microform (e.g., some out-of-print books), or where the
user is paid to work with this equipment (e.g., some business file sys-
tems), the unpleasantness is not such an important factor. However, it
does become very important when the user has the freedom to specify other
forms of publication.

Until recently, no study had been able to pinpoint the exact source
of the unpleasantness, although scores of articles have reported dissat-
isfaction with the readers.*® The recent work done at Battelle on human
factor considerations of microform reading pointed out that in addition
to the image design parameters over which the system designer normally
has no control (e.g., kind of type font and page layout), there are some
specific factors over which the designer must exercise careful control.***
These critical design factors are:

Amount of magnification, primarily as it affects the visibility of
letters in the projected image

AT Heilprin, et al., Bull. of the Copyright Society, Vol. 10, No. 1,
pp. 1-36 (October 1962).

V. W. Clapp, "Library Photocopying and Copyright: Recent Develop-
ments," Law Library Journal, Vol. 55, pp. 10-15 (1962).

** L. K. Born, "The Literature of Microproduction)' American Documenta-
tion, Vol. 3, No. 3, pp. 167-187, provides a dozen references that
;EE; user dissatisfaction with the viewers.

*¥*% L. E. Walkup, et al., "The Design of Improved Microimage Readers
for Promoting the Utilization of Microimages," in Proc. 1962 Conv.
of the Nat'l Microfilm Association, pp. 283-310, Nat'l Microfilm
Assoc., Annapolis, Md. (1962).
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Image sharpness

Image contrast

Uniformity of brightness over the field viewed

Fixity of position of the reader screen

Page brightness
Positive vs. negative projection

Other miscellaneous factors (e.g., color of background and characters

texture of image surface, surrounding brightnes:

Because the user and market acceptance of the PCMI equipment vy depend,
in part, on how well it satisfies the human factors object ! of the users,
it might be useful here to comment on how well the POMI viewer sat isfies
the general design goals that have been established Ir human factors
standpoint by this Battelle study Some of these design goal and the
corresponding PCMI specifications are listed together in Tabl« V]

\ At this point, it appears that the proposed PCMI equipment wtisfac-
torily overcomes many of the objections and sources of .::, tat to the
users, although there are some requirements, wch as imagoe re | tion |

where the performance is still less than desired




Table XVI

COMPARISON OF PCMI VIEWER CHARACTERISTICS WITH HUMAN FACTOR DESIGN GOALS

Requirement

PCMI Viewer Characteristic

10.

11,
12,

13.

14,

15.

16.

Projected image size should be about 5-1/2" 1-4,

x 9-1/2",

Characters should be dark on a light back-
ground of a dull or mat finish.

Characters in projected image should be
about the size of 10-point type in height,
with a stroke of medium bold width, Accept-
able type size is between 8- and 12-point.

Majority of characters should be lower case,
not italicized.

Screen illumination should be set for at 5.
least 25 foot-candles because this level,
established by previous studies, is widely

accepted as a minimum for the general read-

ing task,

An opaque screen was suggested (rather than 6.
an etched or ground glass translucent screen),
primarily to reduce scintillation effects.

Positive (rather than negative) images are T
suggested, since for sustained viewing, posi-
tive images are felt to be more satisfactory.

Transparent (rather than opaque) base mate- 8.
rials are suggested for the microform because

of the problems of projection and hard copy
reproduction encountered with opagque mate-

rials,

User must be able to assume various comfort- 9.
able seated positions while using the reader,

Projected image must be sharp. A resolution 10,
of at least 7 lines per mm is necessary for

comfortable viewing.

Reader must be binocular, not monocular. 11,

Image contrast must be moderately high, 0.7 12,

or better,

Brightness of the background of the reading 133
surface should be about the same as the

ambient brightness in the room. A means

should be provided to allow user to adjust

brightness level to match surroundings.

Viewer should be usable in the ambient light 14,
levels of an average well-lighted room.

Viewer should be lightweight enough to be 15.
held in the lap, and should be truly port-
able,

Loading of the microform, and operation of 16.
the viewer should be simple,
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These are basically characteristics of the
source material, over which the PCMI equip-
ment designers have relatively little con-
trol,

PCMI provides for 40 foot-candles.

PCMI has successfully overcome the scintil-
lation problem by using the extra (moving)
interference screen,

PCMI system expects to use third-generation
positive images as the regular microform.

PCMI system expects to use images on a
transparent base as the regular microform.

This is possible.

PCMI provides an estimated 4 to 4.5 lines
per mm.

PCMI provides full-screen viewing.

POMI image contrast is estimated to be less
than 1.0,

No means provided on present model for user
to change the level of illumination.

This is possible.

Not possible now or in the immediate future.
Present model may weigh about 100 pounds.

This is possible.







V  LARGE FILES FOR DOCUMENT STORAGE

In this section the operational characteristics of large files for
document storage are first defined, and then they are analyzed in detail
with respect to the requirements of high activity file users. The oper-
ational characteristics of the present PCMI system are then compared with
both user requirements and other competing file systems to arrive at an
over-all evaluation of PCMI's competitive ability to meet the operational
requirements of high activity file users. The important economic con-
siderations (from the user's point of view) are then defined and used as
a basis for evaluating the economic attractiveness of the present PCMI
system relative to other competing systems. The same type of analysis
is then carried out for low activity files.

General Characteristics of Large Files for Document Storage

Large files are arbitrarily defined as those containing more than
a million pages of information. Document storage implies storage of in-
formation, written or graphic, in document form rather than in digital
(binary bits) form such as in magnetic tape or card storage. Since there
is a wide variety of potential file applications, it is useful to clas-
sify applications into major categories for purposes of comparison and
further analysis.

File applications can be classified either in terms of the informa-
tion contained in the file such as insurance, personnel, or credit, or
in terms of the operational characteristics of the file such as the acti-
vity rate, access time, up-date cycle, total number of pages, and acces-
Sion rate. Preliminary analysis indicated that it would be more meaning-
ful when defining user requirements to think in terms of operational
characteristics than in terms of information content. This is because
the operational characteristics help determine the economic requirements,
and both taken together specify the user's total requirements in ‘terms
of what the user wants done and how much he is willing to pay for it.

Activity rate (high or low) was used as the primary criterion for
classifying file applications since most users tend to think of their
file problems in these terms. Some users have files of both kinds. In
contrast, the type of information stored in the file has relatively
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As an example, an insurance company

i ser requirements.
little impact on u high activity file (for active policies) and a low

usually has both a From the point

tivity file (for inactive policies and legal records). :
a;: jew of defining user requirements, an insurance company's active
of vie

licy file (high activity) corresponds more closely to a credit agency's
i di: file (high activity) than to the insurance company's inactive
cre

policy file (low activity).

Since there are no standardized definitions for operational charac-
teristics, the following arbitrary definitions were adopted for this study:

Activity rate--Percent of documents retrieved per year. (Number of
documents retrieved per year divided by the total number of docu-
ments stored in the file.) Activity rate is a measure of file usage,

Access time--The average time needed to retrieve information from
the file. Access time is a measure of the operating speed of the

system,

Update cycle--The acceptable delay for incorporating new information
into the file. Length of the update cycle is a measure of the time-
liness required of the information in the file. The shorter the
update cycle, the more timely the information.

Accession rate--The number of new entries (pages or fractional pages)
added per year divided by the total number of pages in the file,
Accession rate is a measure of the growth rate of the file.

Total number of Pages--Equal to double the number of sheets of paper
if they have information on both sides,

High Activity Files

High activity files are arbitrarily defined as files having activity
:ates Fiascar ithan percent, i.e., more than 1 in 100 documents are re-
a;‘i::f‘: z:C:h:eZ:i.l SRR tilea usually contain documents that are used

Y business operations, such as credit ratings in

credit a
gencies, personnei records, patient records in hospitals,

Information used i
must be timely,
ity files also h
mation addeq to

2 n the day-to-day transactions of business usually

r up-to-

aveup to-date. Thus, as g general rule, most high activ-
a high accession rate (high percentage of new infor-

rese
p Nt records) ag well as a relatively short update
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cycle (period between successive updatings). The accession rate of a
high activity file is in most cases roughly (plus or minus 25 percent)
equivalent to the activity rate. One major exception to these general-
izations is catalog applications (high activity, long update cycle) which
are discussed under microform publishing.

Operational Requirements

The maximum required access time is usually determined by considera-
tions external to the file system itself, such as the desire to provide
better service to customers through the utilization of more timely infor-
mation. An access time below the maximum is usually not specified by
the user organization unless there is reason to believe that a lower
access time would reduce the over-all cost of information storage and

retrieval,

The maximum access time requirements for high activity files usually
range from several minutes (for answering telephone requests) to several
days for internal and mail requests, although both requests are serviced
from the same file. Access time as defined here includes the delays in
the system due to spacing of requests during an overload as well as the
delay incurred in actually searching for documents in the file. It does
not include the time required to determine which documents in the file
are relevant to the requestor's inquiry or where the documents are lo-
cated, but only the time required to physically retrieve them and trans-
fer the desired information to the requestor.

After it has been determined which documents are relevant to the
inquiry (through some sort of index) and the specified documents have
been retrieved, their contents must be transferred to the requestor. One
method is to remove the original copy from the file and lend it to a re-
questor. This has two disadvantages. First, the original may get lost
or be misfiled when it is returned, causing what is known as the "out-of-
file problem'. Second, even if the original is found or returned at a
later date, the file must be accessed again (doubling the total access

expense) to replace the document,

Another method is to copy the relevant information from the original
onto a slip of paper. This is both time-consuming and susceptible to
error when the amount of relevant information is large, but is often the
least expensive method when just a few facts are needed and it avoids

the out-of-file and double-access problems.
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The third approach is to make a "hard copy’ of the original through
e

xerographic or other means. The general trend is toward the use of this
Hard copy print-out is usually fast and 1s accurate; but the

roach.
o For high activity files, the cost

cost per page can run from 5-20 cents.
per page tends to assume greater significance than the capital cost of

the printer because of the large number of documents copied.

Purging The actual operations involved in maintaining a file in-

clude the purging of obsolete information and the incorporation of new
information (updating). Obsolete information purged from a high activity
file is sometimes destroyed, but it is more often transferred to a low
activity file. Purging is normally done only once or twice a vear, and
it is usually accomplished by transferring the entire document (unit

record) rather than by removing certain pages.

Growth. The annual growth in total number of Pages in a high activ-
ity file is usually fairly small (several percent) since the amount of
information purged normally about equals the amount of new information
incorporated.

Updating. New information is incorporated into a file either by add-
ing to what is already present (add—a—frame). by inserting entirely new
documents, or by replacing old material with new (erase and rewrite).
Different size forms and varying amounts of information tend to make the
updating information vary from whole Pages to fractions of a page. Thus
in addition to requiring a capability for filing entirely new documents,
most users require a capability for updating €X1sting records with either
fractional or full-page information.

The task of updating file documents with either fractional or whole
pPage information is easier if the documents are filed in some sort of
unit record (i.e., all Pages of a Specific document are stored, and there-
fore can be retrieved, as an integral unit), ;
are folders for paper systems and microf
systems.

Examples of unit records
iche or microchips for microforr

1d be large €nough to hold the biggest docu-
lons (updatings) to that document.

d size is too 1z E

4 : = arge, many documents
will haYe to Fe stored on a Single chip ang ease of updating, as well as
of purging, will be lost, Unit record Storage i

; - also facilitates random
access to the file, since ga document can be ret € g

rieved directly rather
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than searching sequentially through the file as is required in roll micro-
film files.

Often it is desirable to be able to update a document when it is
pulled in connection with an inquiry (for example, credit and retail sales
documents). Most manual paper files are updated in this manner,

Update cycle time requirements are usually determined by the same
considerations as those determining access time, i.e., external service
determines the maximum limit, and economic considerations determine the
minimum limit.

The maximum allowable update cycle time for high activity files
usually ranges from half a day to several days. Update cycle requirements
may, however, vary within this range for different types of information
in the same file.

The range of operational requirements of high activity file users is
given in Table XVII, together with the operating characteristics of four
competitive systems, including the proposed PCMI system., Table XVII shows
that the proposed PCMI system fails to meet the update cycle requirements
by a factor of 25 to 50 per million pages, i.e., a factor of 250 to 500
for 10 million pages (see Appendix I). This failure is due both to the
long setup time (20 minutes each) required by the proposed camera-recorder
and printer and to the large number of setups (roughly 400 required to
update 1 million pages). The PCMI update cycle time becomes proportion-
ately longer (10 to 50 months) for larger files (10 to 50 million pages),
since the number of setups is roughly proportional to the total number of
pages in the file.* 1In contrast, the three other competitive systems,
paper, MEDIA, and microfiche, all meet the minimum update cycle time of

half a day.

Table XVII also shows that the proposed PCMI unit record size of
2,625 is too large for most applications by a factor of 5 or more, thereby
increasing the cost and difficulty of purging the file. 1n contrast, the
paper and MEDIA systems meet the full range of requirements (2 to 500),
while the microfiche system covers a substantial portion of the range.

Assuming there is at least one update per PCMI plate. For the present
size plate, i.e., 2,625 images, and an update cycle of one day, this
is equivalent to an annual accession rate of 10 percent--relatively
low for a high activity file which is often greater than 100% (see

Appendix I).
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Operational
Characteristic

Table XVII

CAPABILITIES OF HIGH ACTIVITY FILE SYSTEMS AS

Normal Range
of Requirements

COMPARED WITH OPERATIONAL REQUIREMENTS

Paper System

Media System

Microfiche System

PCMI System

Activity rate

Access time

Accession rate

Update cycle

Minimum quantity
of update infor-
mation

Average unit
record size

Hard copy output
Total number of

pages/average
range

1% to 300%

Several minutes

to several days

1% to 300%

1/2 day to
several days

Fractional page

to whole page

2 pages to 500
pages

Sometinmes

1 million to
500 million

Directly proportional
to number of clerks

2 minutes

Directly proportional
to number of clerks

1/2 day to several
days

Fractional page

Variable in units of 1

Requires extra equip~

mont and effort

Unlimited

.. Directly proportional to number of viewers
b. Directly proportional to number of cameras.
o See Appendix 1.

Sourcens:

Duta from equipment manufacturers |

15%/million pages/
viewer®

Less than 1 minute

1/2 day to 1 day

Single page

Variable in units
of 3 pages

Yeos

Unlimited

9%/million pages/
viewer®

1 to 2 minutes

1/2 day to 1 day

Several pages

Variable in units
of 50 or more

No

Unlimited

flold interviews with users; SRI filews.

12%/million pages/
viewer®

1 minute (rough
estimate)

b

1 month with
single shxttc

Fractional page?

2,625 pages at
present

Yes

Unlimited



Thus the PCMI system as presently envisioned does not satisfy user
operational requirements or meet competitive standards for high activity
files in one crucial area--update cycle--and one minor area--unit record
size, The magnitude of the discrepancy between user update cycle require-
ments and the proposed PCMI capability indicates that substantial changes
in the concept and design of the PCMI system will have to be made before
PCMI can be competitive in terms of operational requirements.

In assessing the difficulty, direction, and magnitude of the changes
in PCMI required, the following points are considered relevant:

1. Total system cost considerations indicate a trend toward lower
rather than higher reduction ratios.

2. User operational requirements (for high activity files) dictate
the need for reducing rather than increasing unit record size.

3. Items 1 and 2 tend to increase rather than decrease the number
of setups required to update a given number of pages, thus in-
creasing the update cycle time.

4. Minimum update cycle requirements are usually governed by con-
siderations external to the file system, such as the need to
provide more timely information to outside customers.

5. It would be difficult to convince a user to change minimum up-
date cycle requirements that can be met with other systems un-
less significant economic advantages not available with the
other systems were offered. This does not seem feasible with-
in the foreseeable future, as is demonstrated later in Tables
XIX and XX.

Economic Considerations and PCMI Market Potential

As a general rule, after a user finds a system that satisfies his
operational requirements (access time, update cycle, activity rate) he
then evaluates the system for economic attractiveness. There are, of
course, exceptions to this rule. One is specialized real-time military
applications, such as intelligence files (not included in this study),
where economic considerations are of secondary importance. For most
users, however, present document retrieval systems (including the present
PCMI system) are neither versatile nor glamorous enough to justify in-
vestment on other than a strictly economic basis. (In many cases the
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failure of highly advertised computer savings to materialize has tended
to tarnish the former glamor of expensive information systems for users

of these systems.

with two basic types of costs--capital invest-
operating (or variable) costs. Essentially
storage system is viewed as an investment op-
return on investment comparable with other

The user is concerned
ment (or fixed) costs, and
the purchase of a document
portunity that must show a
investment opportunities.

In order for a document storage system to be economically attractive
to a user, it must generate sufficient savings in operating costs to
equal the fixed-cost-plus-interest, within some predetermined payback

period (usually 3 to 5 years).

There are two kinds of capital costs to be considered, the cost of
equipment (including the cost of a maintenance contract) and the cost of
converting from the present to the proposed system. Of the two, the con-
version cost is usually larger by a factor of 2 or more. For example,
the cost of converting one million pages to 16mm microfilm at a 30:1 re-
duction ratio varies from 3/4¢ to 2¢ a page ($7,500 to $20,000 per mil-
lion pages), depending upon the amount of handling required, while the
5 to 10 readers needed for viewing the images would cost a total of
$2,500 to $5,000.

The conversion cost is made up of the actual film and processing
cost (about 1/2¢ per image for 16mm film at 30:1 reduction), and the
cost of handling or preparing documents to be microfilmed (i.e., remov-
ing staples, arranging list pages in proper order, etc.) which is usually
2 to 3 times the filming cost. Preparation of indexes as well as train-
ing of personnel in the use of new equipment would substantially increase
the conversion costs mentioned above, conceivably doubling xhem' in ex~-
treme cases when an elaborate indexing scheme is required,

Operating costs are made up of three main elements--access cost,
update cost, and purge cost. Access cost is the average cost per page

of retrieving (finding and transferring) information from the file. Ac-

cess cost usually consists of direct labor and overhead and thus tends

ZZ }Ze ':egirect function of access time. Access cost usually ranges from
o pPer access. The cost of Producing a hard copy must also be

r the only means of out
put or the normal means
of output. Hard copy cost per Page averages 5¢




handling is required to insert the new information into its proper place
in the file. The update cost can thus be broken into three parts: (1)
converting to image form (conversion cost), (2) locating the proper place
in the file (access cost), and (3) actually inserting the information
into the file (negligible for paper and unit record systems, expensive
for serial systems such as roll microfilm). All three components might
be significant, as in roll microfilm systems, or only one might be sig-
nificant (e.g., access cost in the manual paper systems).

Purging of a file consists of locating the pages to be purged and
removing them. Thus, the purging cost is made up of the access cost and
the cost of removing the pages to be purged. The cost of removal is neg-
ligible when, as is usually the case, a whole document (i.e., unit record)
is removed from a unit record system. Therefore, when a whole document
is removed, the purging cost is equal to the access cost, i.e., approxi-
mately 6¢ to 16¢.

One other operating cost is the cost of floor space occupied by a
file system. However, the annual space costs for even the bulkiest file
system (manual paper) are relatively small (.02¢ to .2¢ per page per
year) when compared with other operating costs (access, update, purge
costs) of high activity files.

Table XVIII shows the fixed and variable costs for four high activ-
ity file systems including the proposed PCMI system. The conversion cost
for the PCMI system exceeds that for the microfiche system by a factor
of 3 and for the MEDIA system by a factor of 5.

The estimated PCMI costs for access and purge (8¢ each) are probably
on the low side (by a factor of 50 percent or more) since they are both
based on an estimated access time of only one minute. It has never been
demonstrated that an operator can select the proper PCMI card, insert it
in the viewer, find the required image, adjust the focus, make a hard
copy, remove the PCMI card, and refile it--all within a minute; or hav-
ing done this once, continue at the rate of 60 times an hour, 8 hours a

day.

The estimated PCMI update cost is also on the low side since it has
not been demonstrated that it is even technically feasible to achieve
the short update cycle times required. However, to get some indication
of the relative economic attractiveness of the PCMI system, it was as-
sumed that a short update cycle could be achieved, which would result
in an absolutely minimum cost of 263¢ to 293¢. This includes a conver-
sion cost of 83¢ to 11%4¢, an access cost of 8¢, and only 10¢ for material
(new disseminable copy) and labor (setup time, etc.).
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Table XVIII

HIGH ACTIVITY FILE SYSTEMS--FIXED AND VARIABLE COSTS

Type of Cost Paper System MEDIA System Microfiche System PCMI System

Fixed cost

Equipment cost (incl, 65 file cabinets, $25,500/selector- $350 for reader only $2,500/reader-printer
maintenance/million approx. $4,000 total reproducer; less for $650 for reader-

images) viewer only printer

Conversion cost/mil=- None $20,000 (2¢/page) $30,000 (3¢/page) $75,000-$115, 000

lion images; no (8.5¢ to 11.5¢/page)

special handling

8 Operating cost?

Access cost/unit record 16¢ 6¢ 8¢~16¢ (12¢ avg.) 8¢?

Hard copy cost/page 5¢ 4¢ paper, 2¢ film 5¢, 10¢ diazo 5¢ paper, 50¢ silver
(300 pages) halide (3,000 images)

b

Update cost/page (ac- 16¢ 8¢ 11¢ to 19¢ 26.5¢ to 29.5¢°

cess + conversion)

Purge cost/unit record 16¢ 6¢ B¢ to 16¢ 8¢?

Storage cost/page 0.02¢ to 0.2¢ Negligible Negligible Negligible

a. Assumes 100% burden on direct labor.

In some paper systems, much of the updating is done while accessing the material for information, thus eliminating
update cost,

Assuming "setup problem” could be solved (see Appendix I), and that material and labor for update would be 10¢.

Sources: Data from equipment manufacturers; fleld interviews with users; SRI files.




In contrast to the present PCMI system, the costs for the paper,
MEDIA, and microfiche systems are based on operating experience and are
considered to be fairly accurate. Thus the optimistic nature of the PCMI
costs should be kept in mind when comparing the economic attractiveness
of the different systems.

Table XIX shows the operating savings or losses that would result
by switching from a manual paper system to one of the described microform
systems. The equipment cost per million pages for the proposed PCMI sys-
tem is approximately 1/10 that for the MEDIA system but still 5 to 10*
times the cost for a microfiche system. The conversion cost per million
pages for the PCMI system exceeds that for a microfiche system by a fac-
tor of 3 and that for the MEDIA system by a factor of 5.

Turning to the operating costs, it is seen that the savings in ac-
cess and purge costs achieved by switching to the PCMI system are roughly
20 percent less than those achieved by switching to the MEDIA system.

At the same time the PCMI user would incur an average loss of 12¢ per-
page-updated while the MEDIA user would achieve a saving of 8¢ per page.

Compared with the microfiche system, PCMI achieves greater savings
in access and purge costs by a factor of 2. However, more than offsetting
these savings are the loss in the PCMI system of 12¢ per-page-updated,
as compared with a saving of 4¢ for microfiche, and the relatively lower
fixed costs of the microfiche system (1/3 the conversion cost, 1/5 to
1/10 equipment cost) compared with PCMI. The effect on investment and
payback period of the differences in fixed and operating costs of the
three competitive systems (PCMI, MEDIA, microfiche) are shown in Table XX,

Table XX shows the capital investment per million pages and the pay-
back period for different activity rates. A detailed explanation of the
calculations is given in Appendix J. As might be anticipated from the
previous discussion, the proposed PCMI system has a payback period that
is longer by a factor of from lé to 10, than that of either the MEDIA or
microfiche systems. Thus the return on investment achievable with either
the MEDIA or microfiche systems is from 13 to 10 times greater than that
achievable with the proposed PCMI system.

At a 50 percent activity rate, the size of the investment required
by the PCMI system-becomes roughly equal to that required by the MEDIA
system but is still 3 times the investment required for the microfiche

* Depending upon the activity rate.
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Type of Cost

Table XIX

HIGH ACTIVITY FILE SYSTEMS

SAVINGS OR ADDITIONAL COSTS RELATIVE TO PAPER SYSTEM

MEDIA System

Microfiche System

PCMI System

Fixed cost

Equipment cost/million
pages

At 10% activity rate
At 100% activity rate
At 300% activity rate

Conversion cost/million
pages

Operating costs
Access cost/access

Update cost/page

Purge cost/unit record

Storage cost/million
pages/year

Sources:

$ 21,500 additional cost
$174,500 additional cost
$506,000 additional cost

$ 20,000 additional cost

10¢ saving

8¢ saving

10¢ saving

$200 to $2,000 saving

Data derived from Tables XVII and XVIII.

$ 3,500 saving
$ 1,500 additional cost
$12,500 additional cost

$30,000 additional cost

4¢ avg. saving

5¢ to 3¢ saving
(avg. 4¢)

0¢ to 8¢ saving
(avg. 4¢)

$200 to $2,000 saving

$ 1,500 saving
$16,000 additional cost
$56,000 additional cost

$75,000-$115,000 additional
cost (avg. $95,000)

8¢ saving

10.5¢ to 13.5¢ additional
cost (avg. 12¢)

8¢ saving

$200 to $2,000 saving
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Table XX

HIGH ACTIVITY FILE SYSTEMS
CAPITAL INVESTMENT AND PAYBACK PERIOD® VS. ACTIVITY RATE

MEDIA System Microfiche System PCMI System
Investment Investment Investment
per Million Payback per Million Payback per Million Payback
Activity Pages Period Pages Period Pages Period
Rate (dollars) (years) (dollars) (years) (dollars) (years)
5% $ 41,500 4 $26,500 4.8 $ 95,000 38
10 41,500 2 26,500 2.65 95,000 24
50 107,000 1.1 30,700 0.66 103,000 6.5
100 195,000 152 31,500 0.3 111,000 3.6
300 526,000 0.92 42,500 0.16 151,000 1.6

a. Based on savings over a manual paper system.




.

At a 300 percent activity rate, the PCMI system requires less

capital investment of the MEDIA s
investment of the microfiche system.

system.
than 1/3 the
4 times the

ystem but still roughly

However, the important figure is the payback period, or its recip-
’

rocal--return-on-inves tment.

Therefore, even if the proposed PCMI system could be redesigned to
)

meet operational requirements (update cycle time and unit record size)

for high activity files, it would probably still be at an extreme econoaic

disadvantage relative to other high activity file systems, as is shown in
Table XX. This conclusion is further strengthened by the fact that the
differences in payback period between PCMI and the other two systems, are
quite likely greater than Table XX indicates, .:’uwc the payback period is
extremely sensitive to changes in access time, As access time increases,
the number of readers required increases, thus increasing the capital in-
vestment. At the same time, operating savings (from access, purge, or up-
date operations) go down. The net result is less money available for

paying back a larger investment.

In summary, the PCMI system as presently envisioned is neither oper-
ationally nor economically competitive for high activity files with other
systems presently available. Specifically, the PCMI systems fails to
meet minimum user update requirements or yield a competitive return on
investment. On the basis of these findings, it is concluded that there
is no market for the present PCMI system in the high activity file field.

Low Activity Files

Low activity files are arbitrarily defined as files having activity
rates of less than 1 percent, i.e., less than 1 in 100 documents are
retrieve('i each year. However, the majority of low activity files in fac
have activity rates substantially below 1 percent (.001 percent to .l per
cent). Low activity files contain

; documents kept mainly for legal or
historical use by, v y .

for example, banks, insurance companies, and old busi-
ness records of industrial firms etc

> -
of the largest application areas for mi
cular systems utilizing roll microfilm

Low activity files have been oné
croform file systems, and in parti”

as the storage medium.

* :
The estimate for PCMI access tim

e (One min t e ox smely O [Zﬁlf“.(’
and Probably low by a factor of ute) is extremely op

50 percent or more.
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Operational Requirements

The minimum access time required for low activity files ranges from
several hours to a week or more, with a preponderance of inquiries requir-
ing an access time of several days. As with high activity files, minimum
access time requirements may vary within this range for different users
of the same file. For example, in one large insurance company, roughly
10 percent of the requests to a low activity file required a minimum ac-
cess time of several hours, while the remaining 90 percent required sev-
eral days.

The maximum allowable update cycle for low activity files usually
ranges from several days to several months, with most low activity files
being updated on a weekly or monthly basis.

New information incorporated into low activity files usually consists
of new complete documents or unit records rather than of single or frac-
tional pages to be added to documents already in the file. In addition,
low activity files are normally organized on a chronological basis (e.g.,
all records from first quarter 1962). This greatly simplifies the up-
dating problem, since the new information can be added in a batch to the
end of the file, eliminating the need to file each document separately.

As a result, low activity files lend themselves to serial (e.g., roll
microfilm) methods of storage, which are generally less expensive than
the unit record methods required by most high activity files.

In many cases, the update information consists of documents which
are transferred to a low activity file after being purged from a high
activity file. Since the purge rate of a low activity file is usually
extremely low, or even 0, the size (total number of pages) of low activ-
ity files tends to grow (average range is 5 to 20 percent per year) as
contrasted with high activity files, which tend to remain fairly constant
in size for a given level of business effort. As a result, low activity
files tend to be roughly an order of magnitude larger in size than high
activity files.

One additional operational characteristic required by the low activ-
ity file user is the ability to protect his file against damage or loss
from fire, theft, flood, decay, misplaced documents, etc. This is partic-
ularly important for low activity files since they are kept mainly for
legal or historical reasons and are often irreplaceable if lost. The
two most common approaches are to use some sort of microform with a du-
plicate copy stored in a remote location or to maintain the original
paper copy in an environmentally controlled mountain vault. Microform
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torage provides complete protection while vault storage does not entire),
stora e }
1iminate the problem of lost or misplaced documents Some organizatiopg
elLl

use both approaches.

The range of operational requirements of low activity file users i

together with the operating characteristics of three

given in Table XXI,
including the proposed PCMI systenm.

competing types of systems,

Table XXI shows that the proposed PCMI system meets all the opera
tional requirements of low activity file users with the minor exception
of unit record size. Unit record size, however, 1s usually relatively
unimportant in low activity files, since both updating and purging (if

any) is normally done on a ''batch' basis.

Economic Considerations and PCMI Murkelf!’git_c-l)t_l_i;

As mentioned earlier, most users evaluate potential systems in tems
of both operational requirements and economic considerations, with eco-
mini-

nomic considerations generally becoming dominant, once the user's
mum operational requirements have been made,

In order for the low activity file to be economically attractive 10
the user, it must, like the high activity file, generate sufficient sav-

ings in operating costs to equal the fixed cost-plus-interest within sose
predetermined payback period.

Of the two fixed costs, conversion and equipment, the conversion
cost usually is greater by a factor of 10 to 20. depending upon the ac-
tivity rate of the file. Thus. a low activity file with an extremely
.'.low rate.a (.001 percent) requires less 111\'L*.strr.;-nt in viewing or retriev-
ing equipment per million Pages than a file with

( a moderately low rate
05 percent), although the conversion

COSt 1s the same.

This is not true, of course, if the
SO0, as is the case when a low ac
for information purged fr

conversion cost is 0 or nearly

ry

tivity file is essentially a repositors
om a high activity file ! )i Toueet
: 3 * and no change in 10788
or type of storage medium is required
of the informati :
o 1.:1on must be converted before being stored in a low activ-
Yy Iile, and in these cases the c
3/4¢ to 2¢ a page (16mm ree] micro
cate security file would Probably
version cost for ga microfilnm system

Providing similar but not ag comple

Normally, however, a large part

onversion cost usually varies from
film). The cost of providing a dupli-
add .2¢ to .3¢ per image to the con~
‘ For a paper system, the cost of

te securi ty would be an A,pt,r.;:;._vml
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Operational
Characteristic

Table XXI

CAPABILITIES OF LOW ACTIVITY FILE SYSTEMS AS
COMPARED WITH OPERATIONAL REQUIREMENTS

Normal Range
of Requirements

Paper System

Roll Microfilm System

PCMI System

Activity rate

Access time

Accession rate

Update cycle

Minimum quantity
of update infor-
mation

Average unit
record size

Hard copy output

Total number of

pages/average
range

.001% to 1%

Several hours to

several weeks

1% to 20%

Several days to

several months

Whole document or

series of documents

2 pages to 500 pages

(not critical)

Sometimes

10 million to
5 billion

Directly proportional
to number of clerks

2 to 5 minutes
Directly proportional
to number of clerks

Several days to sev-
eral weeks

Document

Variable

Requires extra equip-

ment and effort

Unlimited

a. Directly proportional to the number of viewers.
b. Directly proportional to number of cameras.
€. Assuming batch processing of update material.

4%/million pages/
viewer®

3 minutes

Several days to sev-
eral weeks

Document--difficult
for single pages

2,000-3,000 pages

Yes

Unlimited

Sources: Data from equipment manufacturers; field interviews with users; SRI files.

12%/million pages/

viewer?

1 minute (rough
estimate)

b

Several days®

Document

2,625 at present

Yes

Unlimited




T

N se ()1 lAOU”lﬂin St()l ﬂ},(‘ \'illll [ < h;[r es ( > 1
a 4 xed cost becaus ges esti-
rather than

mated at .1¢ to .2¢ per image per year).

The update cost per page for a low activity file 1is normally equal
e

to the conversion cost since unlike
1 plete documents, in chronological order, can be incorporated into
of com -

the file in a batch, eliminating

page separately.

high activity files, large numbers

the need to file each document or single

For low activity files, the access cOst 18 relatively unimportant

compared with the conversion cost because of the extremely small number

of accesses made per page on the average (normally .00001 to .00] an-

nually).

The purge cost also is relatively unimportant compared with the con-

or i1s 0

version cost since the purge rate is usually extremely low

The cost of storage space for low activity files is significant,
since the other operating costs, access and purge costs, are low and the
files are usually stored for long periods of time (5 to 50 years or more)
Annual storage cost per image ranges from .02¢ to 1¢ for paper systems
and proportionately less (approximately as the square of the reduction
ratio) for microfilm systems. Appendix L shows that negligible savings
in storage cost are achieved by using reduction ratios greater than
30:1. Most low activity file paper systems are located in areas where

the storage costs are relatively low (i.e. 02 cents per image per year)

Table XXII shows the fixed and variable costs for three low activity
file systems, including the proposed PCNI system Table XXIII shows the
operating savings or losses achieved by switching from a manual paper
system to one of the described microform systems

Both the PCMI and reel microfilm systems result in a savings in
equipment costs, for two reasons. First, low
inate the need for more than one reader,
equipment relatively low, Second, the
need for the 65-odd filing cabinets
paper system. Although the reel Sy
ment savings ‘for the rare case of a minimum system this disadvantage
disappears for the more normal case '
lion pages,

activity rates usually ell
thus keeping the investment 1in
use of microfilm eliminates the

required to store information in the

Stem has a 2-to-1 advantage in equip-

of larger files, {.e.., 5 to 10 mil-

The combination of equipment s
(due to low activi
Ctivity rates) makes the cost of conversion the most signii~

icant c i e . :
Oost in the low activity file Table XXIII shows that the proposed

PCMI system has
a conversion cost - ; s
3 roughly ne s he ] micro
film system, ghly 7 times that of the rol i

avings and low total operating costs
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Type of Cost

Table XXII

LOW ACTIVITY FILES--FIXED AND VARIABLE COSTS

Paper System

Roll Microfilm System

PCMI System

Fixed cost

Equipment cost (incl.
maintenance/million
images)

Conversion cost/mil-
lion images; no
special handling

Operating cost?

Access cost/unit record
Hard copy cost/page
Update cost/page

Storage cost/million
pages/year

a,

Sources:

65 file cabinets,
approx. $4,000 total

None

16¢ to 40¢
5¢
Negligible

$200-$400

Assumes 100% burden on direct labor.

$400 avg./reader; reader-

printer--$700

Approx. one~-fourth reader/
million pages at 0.1% ac-

tivity rate

$7,500-$20, 000
3/4¢ to 2¢/page

24¢
5¢
3/4¢ to 2¢
Negligible

$2,500/reader-printer

Approx. one-tenth
reader/million pages
at 0.1% activity rate

$75,000-$115,000
8.5¢ to 11.5¢/page

8¢?
5¢
8.5¢ to 11.5¢

Negligible

Data from equipment manufacturers; field interviews with users; and SRI files.




Type of Cost

Table XXIII

LOW ACTIVITY FILE SYSTEMS

SAVINGS OR ADDITIONAL COSTS RELATIVE TO PAPER SYSTEM

Roll Microfilm System PCMI System
Fixed cost
Equipment cost/million
pages
At ,001% activity rate $3,500 ‘ $3,975| saving per $1,500 o $3,950] saving per
minimum minimum :
3,500 3,975 million 1,500 3,950 million
saving i saving
3,500 3,975] pages 1,500 3,95 pages

Conversion cost/million

pages

jperating cost

Access cost/access

Update cost/page

Storage cost/million

pages/year

Sources

Data derived from Tables XXI

$7,500-20,000 additional cost
($13,750 avg.)

8¢ cost to 16¢C saving

(4¢ avg. saving)

3/4¢ to 2¢ additional cost
(1.5¢ avg.)

$200-400 saving

and XXIIXI.

$75,000-115,000 additional cost
(895,000 avg.)

8¢ to 32¢ saving

(avg. 20¢)

8.5¢ to 11.5¢ additional cost
(avg. 10¢)

$200-400 saving




As for operating costs, the PCMI system has a 5-to-1 advantage over
the reel system in access costs, which, however, is more than offset by
a 7-to-1 disadvantage in update-per-page costs.

Table XXIV shows the capital investment required per million pages
and the payback period for different activity rates. An explanation of
the calculations is given in Appendix K. The proposed PCMI system has
a payback period 4 to 10 times greater* than that for the roll microfilm
system, or in other words a return on investment 4 to 10 times smaller,
In addition, the investment per million pages for the proposed PCMI sys-
tem is almost 10 times greater than that for a roll microfilm system.

In both cases, the poorer showing of the PCMI system is due almost en-
tirely to the higher PCMI conversion costs (7 times greater), since the
savings on equipment and access and update costs are relatively negli-
gible.

In summary, the PCMI system meets the major operational requirements
of low activity file users but fails to be economically competitive with
roll microfilm systems by a factor of from 4 to 10.

This extreme economic disadvantage, together with the premium placed
on low costs by the user, leads to the conclusion that there is no market
for the present PCMI system in the low activity file field.

* Depending on the activity rate.
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CAPITAL INVESTMENT AND

Activity
Rate

Investment

per Million

(dollars)

.001%

.010

.100

a. Based

XX1V
LOW ACTIVITY FILE SYSTEMS
PAYBACK PERIOD™ VS,
Roll Microfilm System
Payback

Period

(__\"un'n)

20

11

manual




VI OTHER APPLICATIONS

In addition to the two major application areas of microform--pub-
lishing and large file document storage--two minor application areas of
interest to NCR were examined. Buckbee-Mears Company, a leader in the
photo-etching field, was contacted to explore potential application of
PCMI to this industry. Buckbee-Mears, in responding to an ad on PCMI
expressed strong interest in exploring potential applications of PCMI to
the photo-etching process. The rapid growth of military command-control
systems (estimated at over $20 billion over the next ten years), together
with the requirement of these systems for information storage and retrieval
equipment, seemed to warrant a brief examination of PCMI's potential in
this area.

Buckbee-Mears Photo-Etching Process

Many of the parts used in Buckbee-Mears photo-etching process are
made by drawing a large-scale pattern of the part and then reducing it
100 to 200 times or more, using a step and repeat camera to generate a
number of parts on a single pattern. The president of Buckbee-Mears,

Mr. Norman B. Mears, thought that the only sizable application area would
be in the use of photochromic material rather than silver-halide for the
first-generation masters of these reduced patterns. He estimated that
even at the most optimistic utilization of material, his company's need
for PCMI material would never be over $50,000 a year.

The photo-etching company would be mainly interested in the phota-
chromic material for its high resolution characteristics rather than its
erase and rewrite characteristics. Any correction or rework that is done
involves changes in placement of one sub-pattern relative to another
rather than changes in the content of the pattern itself. The present
method is to make changes through step and repeat cameras capable of pro-
ducing small patterns plus or minus one-half mil.

Although the company would be particularly interested in any further
developments, especially the possibility of developing larger-field dia-
meters (i.e., one inch and greater), the relatively small market potential,
$50,000, makes the extensive development required unattractive.
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Military Command-Control Systems

To date, the capacity of jnformation storage and retrieval systems
ailable ha.;, not been completely adequate for the requirements of military
Iy 1t was thought that the high storage density

nd-control systems.
e together with its relatively low cost,

of the PCMI equipment and system,
might be useful for this application.

control systems are large-scale electronic systems,

Military command- '
that are used to collect and display, in a mean-

usually global in scope,
ingful manner, information t

his commands back to the troops.
protect the United States against foreign air attacks, 1s perhaps the

most widely known system of this type. As advancing technology rapidly
decreases the time available to decision-makers for making crucial de-
cisions, more and more money is being spent by the federal government to

develop new systems and enlarge old ones.

o a military commander, and also to transmit
The SAGE Air Defense System, used to

Command-control systems consist of three basic elements--a sensor
network, a communications network, and data processing and display sys-
tems. The sensor network consists of radar equipment and other detection
equipment such as spy-in-the-sky satellites. The communications network
is made up of military and commercial telephone, telegraph, and radio
circuits and will include satellite communications when they are developed
The function of the sensor network is to detect and describe changes in
the environment that may be of interest to the commander. The function
of the communications network is to transmit the information detected by
the sensor network to the data processing systems and in turn to transmit
back from the commander to the sensors and to forces in the field instruc-
tions or commands from the commander.

The data processing and display system usually consists of one or
more digital computers for reducing the raw data coming in from the sensor
networks into a meaningful form for the commander and of display or out-
put devices for displaying this information to the commander as he desires.

The di i ,
splay equipment can be as simple as an electric typewriter operated

by the
¥ computer, or as complex as a multicolored dynamic display that

plots in real time the movement of enemy forces

as w as movements
of our own forces. ell as the

E0 The data processing system must be capable of storing
el L ge a‘.mounts of information, as well as being capable of re-
g€ any desired part of the information '

in a matter of seconds.
20 1I:;formation collected during the course of the
S .e main requirement of a command-control 3
ot digital information in the form of binar i
s i /

orage of graphic or alphanumeric informal'xo

project indicated
m is for the storage
bits rather than for the

n in image form.
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Such a storage device would have to be capable of storing billions
of bits of binary information in a semipermanent form that might be
changed only once or twice a year. Such a storage device would have to
have an access time in the millisecond range and cost something under a
quarter of a million dollars per unit. In its present configuration it
does not appear that PCMI would be applicable.
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Table A-1

U.S. MICROFORM PUBLISHERS

Estimated Cost

of One Copy of Each
Catalogued
Publication
Organization (dollars) Microform Types of Publications

University Microfilms, Inc. Over $200, 000 Microfilm Over 50,000 dissertations, many

Ann Arbor, Michigan thousands of books, and over 1,600
periodicals and newspapers

Micro Photo (Div. of Bell & Howell) Over 200,000 Microfilm Backfiles of over 2,100 newspapers,

Cleveland, Ohio some periodicals, some books

Microfilm Service and Sales €Co. Over 200,000 Microfilm Newspapers of the southwest U.S.,

Pallas, Texas 400 publications, and over 20 mil-
lion filmed pages

Microcard Editions, Inc, Over 200,000 Microcard Historical manuscripts, books,

Washington, D.C. (primarily) special collections (company has
distributed over 100 million micro-
cards)

Microcan, Inc. (affiliate of 78,000 Microfilm Approximately 200 journals, AEC re-

J. S. Canner & Co., Inc.) ports, and NASA reports

Boston, Massachusetts

American Jewish Periodical Center 24,300 Microfilm Approximately 100 Jewish newspapers

Cincinnati, Ohio and periodicals (total collection
consists of about 1,350 rolls of
film)

Consultants Bureau Enterprises, Inc. 10,400 Microcard Approximately 20 Soviet technical

New York, New York journals (Microcards are priced the
same as regular printed editions)

Godfrey Memorial Library 9,550 Microcard All U.S. chemical patents, annual

Middleton, Connecticut reports of all U.S. corporations
listed on the N.Y. and American
Stock exchanges, U.S. Federal Regis-
ter, U.S. Patent Office Official
Gazette, and New York Law Journal

Matthew Bender and Co. 6,250 Microcard U.S. Supreme Court briefs and rec-

Albany, New York ords; a few other legal reports

Massachusetts Historical Society 4,880 Microfilm Two publications: Adams Family

Boston, Massachusetts Papers and General Henry Knox Papers

Microlex Corporation (Div. of 3,580 Microlex Approximately 900 volumes of law

Lawyers Cooperative Publishing Co., books

Inc.)

Rochester, New York

Newsweek Corporation 2,580 Microcard Newsweek magazine

New York, New York

Southern Education Reporting Service 1,800 35mm microfilm Collected source information on race

Nashville, Tennessee relations in the U.S. (total collec-
tion consists of 84 rolls of film)

Louisville Free Public Library 1,290 Microfilm and 25 publications concerned with Ken-

Louisville, Kentucky Microcard tucky history and politics

Dakota Microfilm Service 890 Microfilm Approximately 200 musicology titles

Denver, Colorado for time period 1500-1800, plus some
recent works

Catholic University of American Press 740 Microfilm and Approximately 130 dissertations and

Washington, D.C. Microcard reports

American Antiquarian Society (affiliated 620 6" x 9" readex 18 early American newspapers for time

with Micro-Research Corp.) microprint period 1704-1800

Worcester, Massachusetts

Michie Company 600 Microcard Virginia Law Reports

Charlottesville, Virginia

Institute of Paper Chemistry 500 Microcard Pulp and paper patents (U.S. and

Appleton, Wisconsin

Canadian)--about 3,200 patents per
year
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Microtext Publishing Corporation MicCcro-opaqgus Journals, books, ACS monograpt
New York, New York card
New York Public Library n.a Microfilm N.Y. Time Index and some New York
New York, New York newvspaper
Readex Microprint Corp n

New York, New York

Peter Smith, Publishe:r n.a,
Gloucester, Massachusetts
Society of Exploration Geophysicists n.a,

Tulsa, Oklahoma

Stechert-H

afner, Inc. n.a.
New York, New York
Falls City Microcards n.n,

louisville, Kentucky

N. A. Kovach, Microfilm Dept. n.a.
Los Angeles, California

Lost Cause Press n.a,
Louisville, Kentucky

U.S. National Archives & Records n.a.
Service
Washington, D.C.

Universal Microfilming Corp. n.a.
Salt Lake City, Utah

University of Alabama n.a.
University, Alabama

University of Chicago Press n.a.
Chicago, Illinois

University of Florida Library n.a.
Gainesville, Florida

School of Health & Physical n.a.
Education, University of Oregon
Eugene, Oregon

University of Kentucky Press n.a.
Lexington, Kentucky

University of Rochester Press n.a.
Rochester, New York

University of Wisconsin Press n.a.
Madison, Wisconsin

n.a, = not available.







Appendix B

U.S. MANUFACTURERS AND DISTRIBUTORS OF

MICROFORM EQUIPMENT,

CAMERAS

Agfa, Incorporated
Atlantic Microfilm Corp.
Audio Visual Research

Bell & Howell Co.

Charles Bruning Company, Inc.
The De Florez Company
Federal Mfg. and Engineering Co.
Griscombe Products Corp.
Hycon Manufacturing Co,
Ideax Corporation

Keuffel & Esser Co.

E. Leitz, Inc.

Microcard Reader Corp.
Nikon Inc.

Pfaff Development Corp.
Photo Devices, Inc.
Photostat Corp.

Recordak Corp.

Records Service Corp.
Regiscope Corp. of America
Remington Rand Systems,
Div. of Sperry Rand Corp,

READERS

American Optical Co.
Atlantic Microfilm Corp.
Audio Visual Research
Bell & Howell Co.

Source: Administrative Management ,

SYSTEMS, AND SUPPLIES

READERS (contd. )

The De Florez Company
Documat, Inc.
Erban Products,
Griscombe Products
Karl Heitz, Inc.

Industrial Design & Service Co.
Keuffel & Esser Co.
The Frederic Luther Co.
Microcard Reader Corp.
Microdealers, Inc.
Microlex Division,

Lawyers Co-operative Publ. Co.
Minnesota Mining & Mfg. Co.
A & R Specialties Company
Pfaff Development Corp.

Photo Devices, Inc.

Photostat Corp.

Readex Microprint Corp.
Recordak Corp.

Records Service Corp.

Viewlex Inc.

Western Blue Print Co.

Inc.

HANDVIEWERS

Microcard Reader Corp.
Microreader Mfg. & Sales Corp.
Optics Manufacturing Corp.
Taylor-Merchant Corp.

"Tools of the Office', November 1962 .
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PROCESSORS
PROCESSORS

Allen Products, Inc.
ANA-TEC, Inc.

Burke & James, Inc.

C. F. Russell Co. Inc.

Andre Debrie Mfg. Corp.
Eastman Kodak Co.

Fairchild Camera and Instrument Corp.,

Industrial Products Div.
Oscar Fisher Company, Inc.
Hi-Speed Equipment, Inc.
Houston Fearless Corp.,
Westwood Div.

Micro Record Corp.
Milsco Mfg. Company

The Morse Instrument Co.
Nikor Products Co,
General Aniline & Film Corp.
Ozalid Division

Recordak Corp.

Remington Rand Systems,

Div. of Sperry Rand Corp.
S.0.8, Photo-Cine-Optics, Inc,
The Stineman System

CONTACT PRINTERS

Burke & James, Inc.

Oscar F, Carlson Company
Federal Mfg. & Engineering Corp.

Microdealers, Inc.

Minnesota Mining & Mfg. Co.
General Aniline & Film Corp,
Ozalid Division

Photo Devices, Inec,
Photostat Corp.

The Stineman System

Tecnifax Corp,

Uhler: Cine Machine Co.

ENL}RG{E@

Charles Bruning Company, In

C.

Documat, Inc,

Durst (USA), Inc

Federal Mfg. & }Jsgxruw-ring Corp,
Keuffel & Esser Co

E. Leitz, Ind

Microcard Corp

Microcopy In

Minnesota Mining & Mfg. Co.
Photo Devices. Ind
Photostat Corp

Recordak Corp

Simmon Brothers Inc,

Aerox Corp

ACCESSORIES & MISCELLANEOUS

Alves Photo Service, Inc.
American Microfilming Service Co.
American Optical Co

Beil's Photocopy & Microfilm Service
Dakota Microfilm Service

The Frederic Luther Co,
Gaylord Bros

Graphic Microfilm Corp.
Griswold Machine Works

Hall & ¥McChesney, Inc

The Harwald Corp

Hi~-Speed Equipment, Inc
Hollywood Film Co

Industrial Design &k Service Co.
Kalvar Corp

Paul E. Killion Ind

Micro Record Corp

Micro~-Seal Corp

Microfilm Jacket Ind

The Morse Instrument Co
Munsell Color Co.., Inc

N B Jacket Corp

Neumade Products Corp

PEGI

Peraa

Film Inc




ACCESSORIES & MISCELLANEOUS (contd.)

Pitney-Bowes Inc.

Prestoseal Mfg. Corp.

Ohio Envelope Co.

Rovico Corp.

Security Steel Equipment Corp.
Serta Film Inc.

Tayloreel Corp.

Wallach & Associates Inc.
Watson Mfg., Co., Inc.

Yawman & Erbe Mfg., Co., Inc.

SPECIALS

Dakota Microfilm Service

FMA Incorporated

General Dynamics/Electronics
Information Retrieval Corporation
The Magnavox Company

Mast Development Company Inc.
Pacific Laboratories

U.S, Industries, Inc.
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DISTRIBUTORS OF

. ERARY ANI
. .

MICROFORM EQUIPMENT, SYSTEMS, AND

'‘hotocopy & Microfilm Seru:.
A & R Specialties Co. Biel's | y ' Service
1045 Ellicott sQuare Hldg
1 5802 Colfax Ave, ‘ SEpE .
" North Ho]lyWOOd, Calif. Buffal
Agfa, Incorporated Charles Bruning ( pany ., In¢
516 West 34th St 1800 ¥ Lentral R
Ny 1. N, Y. Mount Prospect, [l1linois
Allen Products, Inc. Burke & James, I
Factor-\- Lane J<l1 South Wabas! AvVenue
Milford, Conn. Chicago 4. 1111
Alves Photo Service, Inc. Oscar F. Carlson (
14 Storrs Avenue 2600 Irving Park |
Braintree 84, Mass. Chicago 18, lllinois
American MiCrOfl]mlng Service Dakota Microfil: ervioce
44 Laura St, P65 West Colfax Avenus
New Haven 8, Conn. Denver 15. (
ANA-TEC, Inc. The o ¥ : { ] A T
1049 Twelfth St. 00 ' Awi (3 aw)
Santa Monica, Calif, Englow i | {1 N
Atlantic Microfilm Corp Andre Debrie M{ ry
700 South Maip St. § - 29 e} .
spring Va]]ey, N. Y. i oge Pt ' ! N |
Audio Visya)] Research :
523 8. Plymouth Court ' \
Chicago 5, Illinois Ya i

Bell g Howel) Co,
7100 McCormick Road

Chicago 45, Illinois

Y.




Eastman Kodak Co.
343 State Street
Rochester 4, N. Y.

Erban Products Inc.
134-20 Northern Blvd.
Flushing, N. Y.

Fairchild Camera & Instrument Corp.
Industrial Products Div.

580 Midland Avenue

Yonkers, N, Y.

Federal Mfg. & Engineering Co.
1055 Stewart Avenue

Garden City, N. Y.
Oscar Fisher Co., Inc.
P. O. Box 426
Newburgh, N. Y.

FMA Incorporated
142 Nevada St.

El Segundo, Calif.
Gaylord Bros., Inc.
155 Gifford St.
Syracuse 1, N. Y.

General Dynamics/Electronics
P.0O. Box 2449, 1895 Hancock St.
San Diego 12, Calif.

Graphic Microfilm Corp.
115 Liberty St.

New York 6, N. Y.
Griscombe Products, Inc.
133 West 21st Street
New York 11, N. Y.

Griswold Machine Works

412 Main Street
Port Washington, N. Y.
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Hall & McChesney, Inc.
Court Street & Genant Drive
Syracuse, N. Y.

The Harwald Co.
1245 Chicago Avenue
Evanston, Illinois

Karl Heitz, Inc.
480 Lexington Avenue
New York 17, N. Y.

Hi-Speed Equipment Inc.
73 Pond St.
Waltham 54, Mass.

Hollywood Film Co.
956 N. Seward St.
Hollywood 38, Calif.

Houston Fearless Corp.
Westwood Division

11801 W, Olympic Blvd.
Los Angeles 64, Calif.

Hycon Manufacturing Co.
700 Royal Oaks Drive
Monrovia, Calif.

Ideax Corporation
150 Fifth Avenue
New York 11, N. Y.

Industrial Design & Service Co.
685 Route No. 17
Paramus, N. J.

Information Retrieval Corp.
1000 Connecticut Avenue, N.W.
Washington 6, D. C.

Kalvar Corp.
909 South Broad St.
New Orleans 25, la.
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Microlex Division
Keuffel & Esser Co. ¢

Adams and Third Sts.
Hoboken, N. J.

Lawyers Cooperative Publ. Co.

1 Graves St.

Rochester 14, N, Y

Paul E. Killion, Inc.
80 Maiden Lane
Albany 7, N. Y.

Microreader Mfg. & Sales Corp,
2217 N. Summit Ave

Milwaukee 2, Wis

E.. Leits, 'Inc.

468 Fourth Avenue
New York 16, N, Y.

Microseal Corp
6282 North Cicero Avenue

Chicago 46, Illinois

The Frederic Luther Co.

2803 East 56th St, Milsco Manufacturing Co
Indianapolis 20, Ind. 2758 North 33rd St

Milwaukee 45, Wis

The Magnavox Company

Fort Wayne, Indiana Minnesota Mining & Mfg. Co
Microfilm Products

Metron Instrument Co, 900 Bush Avenue

5300 South Delaware St. St. Paul 1, Minn

Littleton, Colo,

Micro Record Corp. 2]l Clinton Street
487 South Avenue Hudson, Ohio
Beacon, N. Y.

Munsell Color Co., Ind
Microcard Corp. 2441 North Calvert Strect
365 Oak St, Baltimore 18. Md

West Salem, Wis,

Microcopy, Inc. 3]
3808 W. 54th St
Los Angeles 43, Calif,

Microdealers, Inc.
1560 Trapelo Road
Wal tham 54, Mass,

Microfilm Jackets, I
76 Madison Avenue
l New York 16, N. Y.

ne. 111 Fifth As

New York 3. N Y

|

|

l
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Nikor Products Co.
179 New Bridge St.
West Springfield, Mass.

Ohio Envelope Co.
Lock Box 86
Cincinnati 19, Ohio

Optics Manufacturing Corp.
170 Eileen Way
Syosset, L. I., N. Y.

General Aniline & Film Corp.
Ozalid Division
Johnson City, N. Y.

Pacific Laboratories
12808 Venice Blvd.
Los Angeles 66, Calif.

PEGI 5924 Birch Avenue
Gary, Ind.

Permafilm, Inc.
723 Seventh Avenue
New York 19, N. Y.

Pfaff Development Corp.
Route 5
Huntington, N. Y.

Philadelphia Air Transport Co.
PO B 2,
Norristown, Pa.

Photo Devices, Inc.
33 Litchfield St.
Rochester 8, N. Y.

Photostat Corporation
1001 Jefferson Road
Rochester 3, N. Y.

Pitney-Bowes Inc.
Walnut & Pacific Sts.
Stamford, Conn.

Prestoseal Mfg. Corp.
37-27 33rd St.
Long Island City 1, N. Y.

Readex Microprint Corp.
5 Union Square
New York 3, N. Y.

Recordak Corporation
415 Madison Avenue
New York 17, N. Y,

Records Service Corp.
3808 West 54th St.
Los Angeles 43, Calif.

Regiscope Corp. of America
150 Fifth Avenue (Suite 812)
New York 11, N. Y.

Remington Rand Systems
Div. of Sperry Rand Corp.
122 East 42nd St.

New York 17, N. Y.

Rovico Corp.
318 Market St.
Newark, N. J.

C. F. Russell Co., Inc.
Bay Shore, N. Y.

Schwayder Bros
Denver, Colorado

Security Steel Equipment Corp.
Avenel, New Jersey

Serta Film, Inc.
105 N. Fifth St.
Philadelphia 6, Pa.

Simmon Brothers, Inc.
30-28 Starr Avenue
Long Island City 1, N. Y.




602 West 52nd St.
New York 19, N. Y.

The Stineman System
918 Sunset Blvd.
Los Angeles 12, Calif.

The Taylor Merchant Corp.
48 W. 48th St.
New York 36, N. Y.

Tayloreel Corp.
P. 0. Box 114
185 Murray St.
Rochester, N. Y.

Tecnifax Corp.
195 Appleton St,.
Holyoke, Mass.

Uhler Cine Machine Co.
15762 Wyoming Avenue
Detroit 38, Mich.

S.0.S. Photo-Cine-Optics, Inc.

U.S.

1

Industries Inc

250 Park Avenue

New York
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Appendix C

DESCRIPTION OF PRESENT PCMI SYSTEM

This appendix contains an NCR memorandum describing the func-
tional and economic characteristics of the present PCMI system.
Two flow diagrams were added by the project team to further
clarify the system description,







Recording rate

Per frame inspection
Per line inspection
Setup time

Rework time

Contact print time
% of rework

Printer paper cost
Viewer printer cost
Printer cost

Viewer service cost
Supply costs

SRI PCMI SURVEY

Summary of Data

Photochromic plate cost

Contact film cost

Automatic contact printer
File box (incl. standby)

Microfilm cost
Camera-recorder
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Product Goals

1 Second

2 Seconds

1 Second

15 Minutes

15 Seconds

20 Minutes

5% Min. - 10% Max.
5 Cents

$1,800 - $2,500 - $3,500
$200 - $300

$150 per Year

$100 per Year
$1.00 - $2.00

50 Cents Max.
$5,000 - $10,000
$1,000

7 Cents - 10 Cents
$75,000 - $100,000
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3 Setup Time

It is estimated that "make-ready" or "setup' time will consume ap-
proximately 15 minutes per card. (Regardless of the number of images
to be recorded.) This time would include all housekeeping operation,
but would exclude the time for making the contact prints for obtaining
the photographic master,

An additional 20 minutes should be added to the above time for the
preparation of the photographic masters. This operation involves move-
ment of the photochromic plate into the contact printer, exposing the
LIPPMAN card, removing the exposed cards, etc.

4. Error Correction

The times specified here are the times required to change an image
after the visual inspection indicates the necessity for a change. The
erase time per image may be set at 14 seconds. The re-record time per
image is equal to the initial recording time; i.e., 1 second per image.
Thus a total time of 15 seconds may be specified.

The above time may be used as a norm regardless of the mode of in-
spection selected.
5. Time Summary

A summation of the above time parameters would indicate the follow-

ing:

100% Filled Card 50% Filled Card

Minimum (2,500 Images) (1,250 Images)

Setup 900 seconds 900 seconds
Record 2,500 seconds 1,250 seconds
Inspection (by line) 2,500 seconds 1,250 seconds
Rework (5%) 1,875 seconds 935 seconds
Contact print 1,200 seconds 1,200 seconds
Total 8,975 seconds 5,535 seconds

97




100% Filled Card 50% Filled Card

Minimum (2,500 images) 40,250 images)
_—____L.—-—-—_—_-———_— / - —
900 seconds 900 seconds

u i

iet pd 2,500 seconds 1.250 seconds
cor g

Ies ection (by image) 5,000 seconds 2,500 seconds

i on

R wzrk (10%) 3,750 seconds 1,875 seconds

e

Contact print 1,200 seconds 1,200 seconds
Total 13,350 seconds 7,725 seconds

It appears from the above that & fil1led card would require £rom

2-1/2 to 3-3/4 hours for completion, depending upon the
ount of rework required. A partial card (50%) would re-

wde of inspec-

tion and the am
quire from 1-1/2 to 92-1/4 hours. The fixed time for setup (900 seconds)

and contact print (1,200 seconds) would throw a time penalty toward the
less dense utilization of the PCMI Card.

Other Data of Interest

T Amount of Rework

Without benefit of experience it 18 impossible to determine the
nature and amount of rework that will be required out-of~-focus frames,
wrong density, dirt, etc., will all contribute to the total problem,
but the degree to which each of these may contribute would DbDe specula~
tion at this time,

For planning and timing purposes, it would be well to ¢ nsider the
effects of both a 5% and a 10% rework factor mese numbe: vere used
in the timing tables developed in paragraph 5, above

2. Susceptibility to Radiation

The question of susceptibility to
explored as a part of the current PCMI Prograns
halide card is concerned, the same factors exist

microfilm systems, and this is the
PCMI system, '

damage DY radiation has not been

Insofar as the gilver-
present 1in all
the

most widely dis wi elomen an
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i Functional Specifications

Functional description of all elements of the PCMI system are at-
tached as Annex A,

4, AVCO Error Rate

There is no specific information available on the AVCO error or
rework rate.

5. Microfilm Specifications

Specifications for the microfilm input to the NCR PCMI system are
as follows:

Microfilm Specifications for Micro-Image Input
Media: 35 mm sprocketed microfilm must pass near ultra-violet.

Orientation: Vertical direction of document in line with long
direction of film,

Framing: Framed by camera-recorder.

Spacing: Eight perf pull-down.

Developing: Developed for continuous tone, i.e.,, a gamma of 1.
Background Density: 1.2 density.

Resolution: 80 lines per mm for 9-10 point print.
120 lines per mm for 6-8 point print.

Input Document: 8-1/2" x 11" page.

Reduction: Input document to film, 10:1.

6. Microfilm Costs

Estimate for preparing input microfilm for the NCR PCMI system have
been obtained from a local source (Microfilm Corp. of Calif.). However,
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Needed Cost Data

Viewer-Printer Costs

i [ Viewer-Printer

At this point in time, there has not been sufficient work done to
permit an accurate cost estimate of this equipment.

Accordingly, it would appear reasonable for SRI to gauge the PCMI
viewer market potential based on a range of potential prices; e.g., the
following:

$1,800 $2,500 $3,500

Stated in terms of monthly rental, we could consider ranges such

as:
$45.00 $62.50 $87 .50
It is assumed that the printer contributes $200-$300 to the above
figures.
2 Paper Cost

The printer under development in the research phases of the PCMI
program utilizes a photographic process employing a paper marketed under
the trade name ''Polymicro.'" This paper will cost approximately 5 cents
per 8-1/2" x 11" sheet. The process requires the use of chemicals for

bringing out the latent image.

There are other printing techniques that could be used, such as
electrostatic @ 5 cents per sheet, xerographic @ 3 cents - 5 cents per
sheet, but the equipment costs for these dry processes is excessive at

this point in time.

However, for the purpose of establishing market interest it may be
assumed that a dry process printing technique offering copies @ 5 cents
per sheet or less will become available for inclusion in a viewer-printer
offered in the time span surrounding the development of the NCR PCMI

system.
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B Cost of Contact Prints

There are two types of contact prints required in the PCMI system:
the photographic master produced from the photochromic plate, and suc~-
ceeding contact prints made from the photographic master.

Present product objectives envision a machine in the $5,000-$10,000
range which will produce both types of masters on an automatic or semi-
automatic basis.

If this mechanization proves impractical or infeasible, a separate
device will be designed for each purpose--photochromic to photographic,
and photographic to photographic. 1In either event, clean-room or dark-
room facilities should not be required.

4, Camera-Recorder Cost

As of this time there has not been sufficient work done to permit
an engineering estimate of the cost of a camera-recorder. Indicators
point toward a potential selling price in the $75,000-$100,000 range,
and it would be reasonable to use this range in a market potential survey.

5. Temperature Controlled File Box

The PCMI concept includes the storage of photochromic plates for
updating, editing, deletion, etc., of images previously recorded. Thus
the requirements for storing these plates under controlled environment

exist.

However, since temperature of -10°F are sufficient for this purpose,
it is assumed that a ''file' with the size and cooling system of a good

commercial freezer will be satisfactory.
A figure of $500 may be used for this piece of equipment.

For standby protection another $500 may be added to the above cost.

Film Processing Installation

For research purposes it has been found desirable to produce and
process contact prints in a 'clean-room" environment. Also, the best
attainable commercial equipment has been specified for this purpose,
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Annex A

Preliminary Functional Specifications of the Photochromic
Micro-Image Machinery

Original Document Capability of System

Document Size

8-1/2" x 11" for 200:1 reduction. This is determined by both the
microfilm frame size, which is limited to 31/32 inches in width between
sprocket holes, and the lens field size of 68 mils in diameter. Larger
documents can be handled at greater than 200:1 times reduction.

Print Size
At the 200:1 reduction, the smallest print size that can be handled
is 8 point. Most print above this dimension can be handled. The most

important factor which limits the print size is the resolution of the
system. (The final product should be capable of handling 6 point print.)

Resolution (Research Model)

The input microfilm resolution will be 80 lines/mm minimum. The
photochromic plate resolution will be 800 lines/mm. The silver-halide
master, which was contact printed from the photochromic plate, will have
720 lines/mm resolution. The positive dissemination copy, the final
product of the system, will have 650 lines per mm resolution, which will
give a resolution on the screen of the viewer of 3 lines/mm minimum.
(Final design objectives should permit 4.5 lines/mm on the viewer.)

Continuous Tone Capability

At each step in the process, the images will be developed so as to
retain continuous tone. This is comparable to saying that everything
will be developed for a gamma (8) of 1 or nearly 1. This type of proc-
essing gives latitude to both the processing techniques and the input
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) ferent print densities in
i documents can have dif
documents, The input

the printed image, the paper reflectivity can vary, and the source mate-
e ]

ial can vary. The continuous tone capability also allows for photo-
ri »

graphs to be handled in the system.

The 3"x5" Micro-Image Card

The 3"x5" card will contain 2,625 micro-images arranged in a rec-
tangular array of 75 columns by 35 rows. There {s nothing sacred about
the number of images or about the layout of the columns and rows. How=
ever, it is felt that this leaves sufficient room for indexing and other
uses of the card and is only to be regarded as a tentative format to be
used for testing the micro-image concept.

Two registration holes will be placed on the card for 1o« ating the
card in the viewer and other contact printing operations

The emulsion to be used will be of the Lippman emulsion type, which
is capable of resolving 2,500 lines/mm of which we aAre using 650 lines/mm.
The card will be developsd for unity gamma to give the continuous tone
and latitude mentioned Préviously. Stable base film is to be used since
an acetate base is capable of being one frame off in a particular dimen-
sion due to the humidity changes and temperature changes

The emulsion is to be overcoated both for protection
dirt and scratches out of the focal pl
2 to 5 mils thick,

and to place
ane. This overcoating is to be
It will also glve additional rigidity to the card.

Camera Recorder Specificat ions

The input to the camera r

2 ) ecorder will be from 35 mm sprocketed
microfilm,

This input wil} be reduced 20

% . times at the ,)h.pll:(')ll'lb-".?l(' pl“lc'
{¥inal design should Permit input

from standard unsprocketed microfilm,)

Photochromic Plate
——°C “late

on a photochromie plate will be type P113,
3 3 it z and ¢ scting of
bad images capabllity. The material will oo o o

backing. This materia] be placed on a glass plate

to write images into a clear
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Recording Sequence

The recording sequence is to be automatically controlled so that
an entire plate can be laid down with inspection at various points in
the procedure. This means that there will be:

1. Automatic microfilm advance

2. Automatic photochromic plate advance in the x-y direction

3. Automatic focusing

4., Automatic control of exposure time

5. Optional stopping of the cycle before and after recording each
image and after a row of images for inspection

A1l features of the machine can be manually operated so that cor-
rection procedures can take place and the machine can be started and

stopped.

Recording Time

The research model of the camera recorder was not designed with any
thought to making the operation fast. Simple relay logic and cycle timer
operation have been used for controlling the sequence of operations. A
half second has been allowed for plate movement, microfilm advance, and
refocusing times. One second has been allowed for timer operations and
a half second has been allowed for the plate return after recording a

row of images. These times add up to 2 seconds per frame, or one hour
and 25 minutes for the total loading time of a plate. These times do
not include the time for inspection and the time for corrections. (Final

design should permit a recording time of 1 second per image.)

Environment Chamber

When the photochromic plate is in the recording portion of the
camera recorder, it will be in a cold and clean atmosphere. The tempera-
ture will be maintained within 10 degrees of a set point. The set point
can be changed from 0° to 30°F. The air will be recirculating through
an absolute filter which filters out all particles above 0.3 microns in
diameter. When the photochromic plate is moved over to the contact
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3. Low cost developing machinery

4, Continuous tone, if possible

5. The paper should be dry enough after development to be handled

6. Paper cost should be less than 6 cents per copy

7. A matte finish

8. If possible, the paper should not exhibit a reversal (i.e.,
make a negative from a positive image).

Screen

The screen size should be 11" x 11". The screen is to be used in
a rear projection manner, therefore, it should diffuse the light strik-
ing it from the rear., When observed from the front, the screen should
exhibit a minimum of the scintillation effect, and the screen should
have the maximum amount of screen gain possible under the above conditions.
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MICROFILM
SERVICE BUREAU
INPUT <l SILVER NEGATIVES --
DOCUMENT »—| 1. TOTAL COST TO PREPAR DEVELOPED, DRIED,
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SILVER POSITIVE
TRANSPARENCIES--
DEVELOPED & DRIED,
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AND COATED.

FIGURE C-1

AINARY ESTIMATE OF PCMI INPUT RATES AND COSTS




@ TO FILE REFRIGERATED
FILE BOX

($1,000)

PCMI
MASTER
d
- /
_ MICROFILM % ‘ PCMI EXPOSED PCMI MASTER
B ERVICE BUREAU ~_j CAMERA RECORDER WITH (35 ROWS, 75 COLS) PCMI
! . ITIONER AND WITH POSITIVE IMAGES. CONTACT PRINTER
DOCUMENT - TOTAL COST TO PREPARE o INSPECTION STATION o = SILVER NEGATIVES --
Ay . . ($5,000 - $10,000) o= DEVELOPED, DRIED
($75, 00 - S.I(‘,:(,‘v,OC(:‘, (MAINT, AND SER- CHOPPED, A,ND )
M (MAINT . & SERVICE VICE = $200/YR) PUNCHED.
$2,000/YR)
1. TIME TO PREPARE SILVER NEGATIVE

MASTER = 20 MIN/PLATE,

THIS INCLUDES TIME TO TRANSFER
1520 MIN/PLATE. THIS & MOUNT PCMI PLATE, EXPOSE,
INCLUDES TIME TO MOUNT DEVELOP, WASH, DRY, CHOP, AND
& REMOVE 35mm FILM, LOAD PUNCH NEGATIVE.,

& UNLOAD PCMI MASTER, & )
ADD LABELS OR HEADER TO
PCMI MASTER.. @

/ 2. RECORDING RATE = 3 SEC/IMAGE
225 SEC/LINE = 7875 SEC/FULL

CARD. THIS INCLUDES INSPEC-

TION AFTER EACH IMAGE.

SETUP & HANDLING TIME

UNEXPOSED LIPPMAN
SILVER FILM IN 5"-ROLL FORM

BLANI 3. RECORDING RATE = 2 SEC/IMAGE ARl
PCMI MASTER 150 SEC/LINE = 5250 SEC/FULL (80.50 FOR EACH 3" X 5¥
($1-52 EACH) CARD. THIS INCLUDES INSPEC- NEGATIVE, INCLUDING 7
TION AFTER EACH LINE CHEMICALS FOR PROCESSING.)
4. REWORK TIME = 17 SEC/IMAGE. oChi

THIS INCLUDES ERASING, RE-
RECORDING, & INSPECTION.

ASSUME 5 - 10% OF IMAGES
MUST BE RE-WRITTEN BECAUSE
PCMI MACHINE & MEDIA
PROBLEMS.

TOTAL TIME = SETUP TIME + RE-
CORDING TIME + REWORK

TIME

CONTACT PRINTER

(SAME AS ABOVE UNIT,
BUT USED FOR PRINT-

ING FROM SILVER NEG.)

1. CONTACT PRINTS PREPARED AT
THE EFFECTIVE RATE OF
200 CARDS/HR FOR
CONTINUOUS PRINTING.
2. SETUP TIME = 2 MIN/PLATE,

SILVER POSITIVE
TRANSPARENCIES—-
DEVELOPED & DRIED,
CHOPPED, PUNCHED,
AND COATED.,

FIGURE C-1

PRELIMINARY ESTIMATE OF PCMI INPUT RATES AND COSTS
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— CESSING. PRINTED ONLY ON ONE
R » A SIDE OF THE PAGE.
A ASSUME AN EFFECTIVE
. ADDRESS Fi 0Ex RATE OF 16 PAGES/MIN.,
v - = 1,000 PAGES/HR,
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: = 0.4¢/PAGE.
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FIGURE C-2

PRELIMINARY ESTIMATE OF PCMI OUTPUT RATES AND COSTS
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Appendix D

BASIC ASSUMPTIONS AND DERIVATIONS FOR PCMI COST ANALYSIS

General Considerations

10.

None of the PCMI units of equipment operate more than 20 hours
per day, 22 days per month.

The machine operator can work interchangeably on either the
camera-recorder or the contact-printer. It will be assumed that
he does not have to work on two jobs simultaneously, and the
only point of be considered here is the total number of man-
hours required to run all of the equipment.

The full cost of the equipment will be charged to the cost of
preparing the cards, regardless of the degree to which the equip-
ment is used.

The recording equipment is to be amortized over a period of
40 months at 0% rate of return.

Labor cost will be charged only for the actual time that the
operator is required to be with the machine.

The equipment will not be run unattended. Each minute of ma-
chine time (for each machine) will require a corresponding min-
ute of labor time.

Direct Labor Cost = $3.00 per hour for PCMI camera and contact-
printer operators, and $2.00 per hour for clerical help if re-
quired.

Overhead Cost = 200% of the direct labor cost.

There are no extra labor costs (premiums) for working second and
third shifts.

The PCMI equipment operator can perform the necessary minor
maintenance of replacements.
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maintenance, and material costs, as well

11. The assumed equipment,
as the equipment operating ti

ings in Appendix C.

mes, are noted on the system draw

Specific Labor Requirements

pefine N = No. of images per PCMI plate

C = No. of copies per press run

Seconds per Plate

1. PCMI Camera-Recorder Operator:

a. Setup and handling = 20 min/master

plate = 1,200
b. Recording and inspection after each

line = (2 sec/image) (N images

plate) = 2 N
c. Rework = (17 sec/reworked image)

(0.1 N reworked images/plate) 1.7 N

Total = (1,200 « 3.7 N)sec;

plate
2. PCMI Contact-Printer Operator:

a. Total time to prepare silver

negative master 20 min/plate 1,200
b. Setup time for distribution posi-
tives = 2 min/plate 120

€. Effective print time at 200 copies
hr = (l/'Z()ﬂ)(hr,(‘np)o-'.)(,‘.'hnu 5O
hr) (C copies/print run)(l print

run/plate) = 18 C
. SR
T =
ofal = (1.320 + 18 C) sec,
plate

3. Misc. laboi for handling

and ‘;.uk‘”:l!.‘: .'.l“";',":h';v'




Specific Equipment Costs

1. Cost of PCMI Camera-Recorder Unit = $100, 000.

For 40 months' amortization at 0% rate of return, this =
$2,500 per month.

A second camera will be required if more than 440 hrs/mo. of
recording time are required. The number of master plates that
can be recorded in one month by one camera depends upon the num-
ber of images recorded in each plate. For recording with a fixed
number of images per plate, the maximum production rate for one
camera is given by:

Max. no. of plates recorded per month =

(440 hrs/mo.) (3,600 sec/hr)
(1,200 + 3.7 N) sec/plate

2. Cost of PCMI Contact-Printer (dual-purpose, to print master
negatives and distribution positives) = $10,000.

For 40 months' amortization at 0% rate of return, this =
$250 per month.

A second contact-printer will be required if more than 440 hrs/
mo. of printing time are required. The maximum production rate
for each printer is given by:

Max. no. of master plates copies per month =

(440 hrs/mo.) (3,600 sec/hr)
(1,320 + 18 C) sec/plate

3. Total = $2,750 per month
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Other Fixed Costs

= $1.000

Cost of refrigerated file box

1.

For 40 months' amortization at 0% rate of retummn

this = o £ 00/ mo
9  Service and maintenance costs of PCMI camera-

recorder = $2,000/yr = 166 .67
3. Service and maintenance costs of POMI contact-

printer = $200/yr = 16 .67

Total $208 .34/n0
Material Costs
1. Blank PCMI master = 3 ) nlate
’ plat

2. Silver Lippman film for master negative 0
3. Silver Lippman film for distribution

positive = |
V.o plate




Appendix E

BASIS FOR COMPARATIVE COST ANALYSIS
FOR PUBLICATION OF THE NAVY SUPPLY CATALOG







Appendix E

BASIS FOR COMPARATIVE COST ANALYSIS
FOR PUBLICATION OF THE NAVY SUPPLY CATALOG

(A 3,000-page Catalog Published Four Times a Year
and Distributed to 2,000 Users)

Annual Cost of Present Paper System

Publishing cost1 = ($18,750/issue) (4 issues/yr) = $ 75,000
Postage cost2 = (13.8 lbs/catalog) (2,000 catalogs/

issue) (4 issues/yr) (0.8 dollars/lb) = 88,320

Annual Cost of Microcard System

Publishing cost3 = (3,000 pages/catalog) (0.3¢/page)

(1 dollar/100¢) (2,000 catalogs/issue) (4 issues/yr) = 72,000
Viewer cost (minimum system)4 = 1/3(2,000 viewers @

$130) = 86,660
Viewer cost (maximum system)5 = 1/3(2,000 viewers @

$450) = 300,000
Viewer maintenance and repair6 = (2,000 viewers @

$10/yr) = 20,000
Postage cost = (1 0z/10 cards) (30 cards/catalog)

($0.05/02) (2,000 catalogs/issue) (4 issues/yr) = 1,200

Annual Cost of Recordak System

Original microfilming’ = ($24.75/1,000 pages)

(3,000 pages/issue) (4 issues/yr) = 297
Kodamatic indexing7 = ($7/master roll) (1 master roll/

issue) (4 issues/yr) = 28
Contact printing7 = ($3.50/roll) (2,000 rolls/issue)

(4 issues/yr) = 28,000
Magazines and loading”? = ($1.60/rol1)(2,000 rolls/issue)

(4 issues/yr) = 12,800

Total printing cost = $ 41,125
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Viewer cost (maximum system)8 = 1/3 (2,000 viewers @

$995) =

$ 663,33

Viewer cost (minimum S)'Stem)ls = 1 3 (2,0()0 viewers |
$485) = a 323, 330
Viewer maintenance and repair (maximum system)” =
1/3($145/viewer) (2,000 viewers) = v 96,660
Viewer maintenance and repair (minimum system)*® .
1/3(870/viewer) (2,000 viewers) = 46,660
Postage cost = (4 oz/catalog) ($0.05/02) (2. 000 « atalogs
issue) (4 issues/yr) = 1,600
Annual Cost of PCMI System
PCMI recording equipment cost!® = (12/40)($111.000) 33, 300
PCMI recording equipment maintenance costll . 2.200
Material costsl? = (1 master card/issue) ($2.50 master
card) (4 issues/yr) + (2,000 contact prints/issue)
(4 issues/yr)($0.5/contact print) = 4,010
Camera laborl3 = (1,200 . 3.7(3,000)) (sec/master card)
(4 master cards/yr) (1 hr/3,600 sec) = 13 66 hrs
Contact printer laborl3 = (1,320 4 18(2,000)) (se¢ issue)
(4 issues/yr)(1 hr/3,600 SeC) = 41.47 hrs
Labor costl3 = (55.13 hrs) ($9/hr) = 496
Original microfilming costld . (50.1 exposure) (3,000
exposures/issue) (4 issues/year) = 1,200
Total printing cost : i1 .206
3 11,4
Viewer i e |
41 so;?St (minimum s)stem)l4 = 1/3(2, 000 viewors
Vlewér % $1, 200,000
. sOc?st (maximum System)14 = 1/3(2.000 Eyaahi
y000) =
Viewer = 1,666, 660
aintenance and repajir (minimus system)l3d
2,000 viewers @ $180 = '
Viewer maj J60, 000
intenance anpg repair (maximus system)l3
2,000 viewers g $250 = = Y
Posta e ¢ Y L 500, 000
g ost = (S0.0b/card)(2.000 cards/issue)
(4 ISSUes/yr) L | e
$ 400

Notes
e —

1. Publjsh
ing co
taken from N( R proposal to U.S

to Navy offices




10.

151

12.

13.

14.

13.8 lbs/catalog represents the weight of a 3,000-page telephone
book.

Total cost of 0.3¢ per distributed page for Microcard publica-
tion cost is a Microcard Corporation quotation.

Microcard Model Micro-3 viewer amortized over 3 years at 0% rate
of return.

Microcard Model 7 viewer amortized over 3 years at 0% rate of
return.

These viewers incorporate no electronics or electromechanical
equipment. The major replacement item will be the light bulb.
Total maintenance cost assumed to be $10/yr for a viewer.

Recordak quotations: $24.75 per thousand exposures for commer-
cial quality 16mm microfilming (100 lines/mm) ; Kodamatic index-
ing approximately $7/roll; $3.50 per 100 ft roll for contact
printing in volumes over about 50 rolls; $0.95 each for film
magazines; $0.65 each to load the film magazines. Assume

3,000 pages/roll.

Recordak Model PS Viewer amortized over 3 years at 0% rate of
return.

Recordak quote for Model PS maintenance: zero for first year,
$72.50 per year after that.

NCR quotes for camera-recorder ($100,000), contact printer
($10,000), and file box ($1,000) amortized over 40 months at

0% rate of return.

NCR quotes for maintenance costs of camera-recorder ($2,000/yr)
and contact printer ($200/yr).

3,000 images/card. NCR quotes for film cost.
See assumptions for system costs and timing in Appendix C.

NCR quotes for viewer costs. Equipment amortized over 3 years
at 0% rate of return.
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15.

16.

Recordak Model Starlet PTA Film
at 0% rate of return

Recordak quote for Model

zero for first year, $35

St

per
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i Appendix F |

BASIS FOR COMPARATIVE COST ANALYSIS
f FOR PUBLICATION OF THE THOMAS REGISTER

(A 60,000-page Catalog Printed Annually and
Intended for Distribution to 3,500 Users)

Annual Cost of Present Microfiche System

Publishing costl = ($0.15/card) (600 cards/catalog)

(3,500 catalogs/yr) = $ 315,000 !
Viewer cost? = 1/3(3,500 viewers @ $350) = 408,330
Viewer maintenance and repair3 = 3,500 viewers @ J
$10/yr = 35,000
Postage cost? = (600 cards/catalog) (0.1 oz/card)
($0.05/0z) (3,500 catalogs/yr) = 10,500

Annual Cost of Microcard System

Publishing cost® = ($0.003/page) (60,000 pages/catalog)

(3,500 catalogs/yr) = 630,000
Viewer cost (minimum system)6 = 1/3(3,500 viewers @

$130) = 151,660
Viewer cost (maximum system)7 = 1/3(3,500 viewers @

$450) = 525,000
Viewer maintenance and repair3 = 3,500 viewers @ $10/yr = 35,000
Postage cost® = (0.1 oz/card) (1,000 cards/catalog)

(3,500 catalogs/yr) ($0.05/0z) = 17,500

Annual Cost of Recordak System

Original microfilming9 = ($24.75/1,000 pages) (60,000

pages) = 1,485
Kodamatic indexing® = ($7/master roll) (60,000 pages/

2,500 pages per roll) = 168
Contact printing9 = ($3.50/roll) (24 rolls/catalog)

(3,500 catalogs/yr) = 294,000
Magazines and 1oading9 = ($1.60/roll) (24 rolls/catalog)

(3,500 catalogs/yr) = 134,400

Total printing cost = $ 430,053
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Viewer cost (maximum system)!? = 1,3(3, 500 viewers 0

l $995) = e $1, 160,83
I ‘ Viewer cost (minimum system)*’ = 1/3(3, 500 viewers &
| | $485) = 4 585,830
{ Viewer maintenance and repair (maximun Eystem)*t
| 1/3(8145/viewer) (3,500 viewers) « = 169,170
| Viewer maintenance and repair (minimus system) -
|
| 1/3($70/viewer) (3,500 viewers) = o tes
| ‘ Postage cost = (24 rolls/catalog) (4 oz Mll) (30 .05/02)
‘ (3,500 catalogs/yr) = 18,800

Annual Cost of PCMI System

PCMI recording equipment costi? (12/40) ($111.000) - 33, 300
PCMI recording fquipment maintenance costld

2,200
| Material costs“ = (20 master cards Yri(82 .50/ master
f card) + (20 master CArds/yr) (3,500 contact prints
master card) ($0.5/contact print) = 35,050
Camera laborls = (1,200 3.7(3,000))(:(.-( master card)
(20 master cards/yr) (1 hr 3,600 sec) = 68 3 hrs/vyr
Printer laborld . () gap . 18(3,500)) (sec/master card)
(20 master cards/yr)(1 hr/3,600 sec) - JO7.3 hrs/vsy
Total labor costls | (425.6 hrs Yr) (80 /hr) - 4,830
i] | Or:ginal llcronlnng costdd ($0.1 exposure ) (60, 000
' Xposures/yr) = 6,000
Total printing cost $ 80,380
b |
Vi;:?;();?s: (.ln"m .y't°-)16 * 1/3(3. 500 vieswers 0
Viewer CoSt (maximym systom)l6 _ 1/3(3. 800 e
32'500) . . N viewers &

2,916,670

1L n)n'.c:n):.' .
630, 000

Xinus system)id _
875,000

QR/card) (80.08 oz)

riRAte quoted by Thomas Publishing

Contains fpproximately 100 page
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10.

315 b

12,

13,

14,

15.

Modified Griscomb Model K6 Filmcard Reader at estimated cost
of $350.

These viewers incorporate no electronics or electromechanical
equipment. The major replacement item will be the light bulb.
Total maintenance cost assumed to be $10/yr for a viewer.

Approximately 100 pages/card.

Total cost of 0.3 cents/distributed page for Microcard publica-
tion cost is Microcard Corporation quotation.

Microcard Model Micro-3 viewer amortized over 3 years at 0% rate
of return.

Microcard Model 7 viewer amortized over 3 years at 0% rate of
return,

Approximately 60 pages per card proposed by Microcard Corporation
for this particular application.

Recordak quotations: $24.75 per thousand exposures for commer-
cial quality 16 mm microfilming (100 lines/mm); Kodamatic index-
ing approximately $7/roll; $3.50 per 100 ft roll for contact
printing in volumes over 50 rolls; $0.95 each for film magazines;
$0.65 each to load the film magazines. Assume 2,500 pages/roll.

Recordak Model PS viewer amortized over 3 years at 0% rate of
return.

Recordak quote for Model PS: zero for first year, $72.50 per
year after that. Assume 0% rate of return.

NCR quotes for camera-recorder ($100,000), contact printer
($10,000), and file box ($1,000) amortized over 40 months at 0%
rate of return.

NCR quotes for maintenance costs of camera-recorder ($2,000/yr)
and contact printer ($200/yr).

3,000 images/card. NCR quotes for film costs given in Ap-

pendix C.

See assumptions for system costs and timing in Appendix D.
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Equips

16. NCR quotes for viewer costs
at 0% rate of return

T

17. Recordak Model Starlet PTA Film Reader amortized over 4
ver 3 year
at 0% rate of return .

18. Recordak quote for Model Starlet PTA ¥Fi) Reade -
s sinilenance
zero for first year, $35 per year after tha
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Appendix G

DERIVATION OF COST EXPRESSIONS FOR
ALTERNATIVE PUBLICATION METHODS

Define: N = No. of pages in the publication
U = No. of users that receive single copies of the publication

Cost per Year
(dollars)

Paper System

Cost of film negatives

= ($1.00/page) (N pages/master publication)(l master publication/year) = $1.0 N
Cost of film plates

= ($1.25/page) (N pages/master publication)(l master publication/year) = 1.25 N
Cost of paper

= ($0.002/page) (N pages/publication) (U publications/year) - 0.002 NU
Cost of postage

= ($0.8/1b) (0.0046 1b/page) (N pages/publication) (U publications/year) = 0.00368 NU

Total cost = NELZS + 0.00568(U)] dollars per year

Microcard System

Cost of printing

= ($0.003/page) (N pages/publication) (U publications/year) = 0,003 NU
Cost of viewers (min.)

= 1/3 (U viewers @ $130) = 43.33 v
Cost of viewers (max.)

= 1/3 (U viewers @ $450) = 150,00 v
Cost of viewer maintenance

= U viewers @ $10/year = 10,00 U
Cost of postage

= (0.1 oz/card) (1 card/100 pages)($0.05/0z) (N pages/publication)(U publi-

cations/year) = 5 x 1075 Nu

Total cost (min.) = 53.33 U + (3.05 x 10"°) NU dollars per year
Total cost (max,) = 160.00 U + (3.05 x 10™9) NU dollars per year

Recordak System

Cost of initial filming

= ($0.02475/master page)(N master pages/year) = 0.02475 N
Cost of Kodamatic indexing

= ($2.33 x 10-3,’nmstcr page) (N master pages/year) = 0.00233 N
Cost of contact printing

= ($1.166 x 10'3;‘pagc)(.\‘ pages/publication) (U publications/year) = 1.166 x 10=3 NU
Cost of magazines and loading

= ($0.533 x 10'3/page)(x pages/publication) (U publications/year) = 0.533 x 10~3 NU
Cost of postage

= (1.333 x 1073 oz/page) ($0.05/0z) (N pages/publication) (U publications/year) = 66.6 x 1075 Nu
Cost of viewers (max,)

= 1/3 (U viewers @ $995) = 331.66 U
Cost of viewers (min.)

= 1/3 (U viewers @ $485) 161.66 U
Cost of viewer maintenance (max,)

1/3 (U viewers # $145) = 48.33 U

Cost of viewer maintenance (min.)

= 1/3 (U viewers @ $70) = 23.33 v

Total cost (min.) = 185 U + N[27.08 x 1073 4 (1.765 x !0'3)01 dollars per year
Total cost (max.) = 380 U + N[27.08 x 1073 4 (1.765 x 1079)u] dollars per year

POMI System

Cost of recording equipment and its maintenance = 35,000
Cost of viewers (max.)

= 1/3 (U viewers @ $2,500) - 833 U
Cost of viewers (min.)

= 1/3 (U viewers @ $1,800) = 600 U
Cost of viewer maintenance (max.)

= U viewers @ $250 = 250 U
Cost of viewer maintenance (min.)

= U viewers @ $180 = 180 U
Cost of postage

= ($16.66 x 10-6/pago)(N pages/publication) (U publications/year) = 16.66 x 1076 Ny
Cost of original filming

= ($0.10/master page) (N master pages/year) = 0.10 N
Cost of POMI camera labor

= (1.138 x 1073 hr/master page) ($9/hr) (N master pages/year) = 10.245 x 1073 N
Cost of POMI printer labor

= ($3.3/card setup) (N/3,000) (setups) + ($0.045/card printed)(N/3,000)

(cards printed/publication) (U publications/year) = N[l.l x 1073 4 15 x 107 u]

Cost of materials

= $2.50/master card)(N/3,000) (master cards) + ($0.50/printed card) (N/3,000)

(printed cards/publication) (U publications/year) = N[0.833 x 1073 4 0.166 x 1073 U]

Total cost (min.) = 35,000 + 780 U + 0.1122 N + 0.1983 x 10-3 NU dollars per
year

Total cost (max.) = 35,000 + 1,083 U + 0.1122 ¥ + 0.1983 x 103 NU dollars
per year
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Appendix H

PCMI ON-DEMAND (HARD COPY) PRINTING COSTS

Equipment Costs

Cost of viewer-printer with hard copy output = $2,800.

For 40 months' amortization at 0% rate of return, this =
$70 per month.

Maintenance and repair = $200/yr = $16 .66 per month.

Labor Requirements

Define n = number of images to be copied for each order.

1. Setup time (read order card, pull master film from file, load
master film in viewer, determine first address from index, lo-
cate first desired image, focus the viewer) = 3 min/order

2. Cleanup time (remove f£ilm from viewer and replace it in master
file, collate request with finished product) = 2 min/order

3. Effective printing time = (5 sec/image) (1 min/60 sec)(n images/
order)

Total = (5 + n/12) min/order
4. Maximum number of orders copied/month =
440 hrs 1 order . 60 min 440(60)
mo . % (5 + n/12) min hr 5 + (n/12)
Material and Supply Costs
1. Paper and chemical cost = 5¢ per page.
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Extra Assumptions

All information for i n item is on & single
ignore the possibility of any extra

printing of a file item)

Each print request 1is for a single copy (1.«

one copy)

The cost of initially providing the
included in this analysis

Total labor cost is $6/hr

ne

un of

§ not
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Appendix I

UPDATING OF PCMI UNIT RECORDS

Assuthions

10.

Analysis

1 i

Add-a-frame only, no purge or rewrite.
Unit record size = 2,625.

Annual update rate of at least 10%, i.e., daily rate of at
least 400/million pages.

Records to be updated at any one time are randomly distributed.

On the average, each plate will have at least one update (see
items 3 and 4).

PCMI camera-recorder setup time = 15 min.
PCMI printer setup time = 15 min.

Time to record images negligible in comparison with camera-—

recorder setup time.

Time to print one contact print is negligible compared with

printer setup time.

Time to arrange pages in proper sequence, expose, and process
input microfilm not considered.

For each plate Setup

15 min PCMI camera-recorder
15 min PCMI contact-printer

30 min total setup

400 plates hold 1 million images.
At least 1 update per plate.

400 x 30 min = 200 hrs/update cycle/million pages.
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million pages A DCToAses Aas mit record
recor

5. Length of update cycle

()7 and ann sl U} Inte rats '
- increased

size is reduced below 2,
above 100%.




UPDATE MICROFILM
SORT & FILE ICROFIL PCMI CAMERA-

INFO >| IN PROPER - -
IN RANDOM SEQUENCE DEVELOP RECORDER
ORDER FOR PCMI SETUP - 15 MIN
PLATES INSPECT RECORD - 3 SEC/IMAGE

CONTACT-PRINTER DISTRIBUTE TO
»| SETUP - 15 MIN/PLATE > FILE IN PROPER
PRINT - 2 MIN/PLATE SEQUENCE
FIGURE I-1

UPDATING OF PCMI UNIT RECORDS
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Appendix J

CALCULATION OF PAYBACK PERIOD FOR HIGH ACTIVITY FILE SYSTEMS

Assume :
1. Cost of camera (depreciation and maintenance) included in con-
version cost
2. Interest rate = 0%
3. Accession rate = 1/2 activity rate (conservative)

4. Purge rate = 1/4 accession rate = 1/8 activity rate

Then: C, = P [A (8 +1/2S + 1/88 ) + S ]
—— t a u P s
- p [

A (Sy) + ss]

— Total fixed cost per million pages = Cc + Ce

= Conversion cost/million pages

C
Cc
C_. = Equipment cost/million pages
P = Payback period in years

A

= Activity rate x 106

Su — Savings/page updated over present system
Sa — Savings/access, over present system

Sp — Savings/page purged over paper system

8y = Annual savings in storage/million pages
B (8 1/2 s, + 1/8 sp)

All savings and costs in dollars..
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Appendix K

CALCULATION OF PAYBACK PERIOD FOR LOW ACTIVITY FILE SYSTEMS

Assume:

1. Cost of camera (depreciation and maintenance) included in con-

version cost

2. Interest rate = 0%

3. Updating treated as conversion; see Section V, "Low Activity
Files"

4. Cost of providing security not considered here

P[A(sa) + Ss]

Total fixed costs per million pages = C, + Cg
Conversion cost/million pages

Equipment cost/million pages

Payback period in years

Activity rate x 10°

. Savings/access, over paper system

Annual savings in storage/million pages

All savings and costs in dollars.

P=Cg T A(S)) + Sg
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ANALYSIS OF ANNUAL STORAGE SPACE COST AS
A FUNCTION OF REDUCTION RATIO

Assumptions:

1. 8-1/2" x 11" documents

2. Filing cabinet--4-drawer, requiring 15" x 30" floor area
3. 4,000 sheets/drawer; 1 image/sheet

4, Aisle space = 2/3 of floor space used for filing cabinet

5. Space required roughly proportional to area reduction ratio

Analysis for One Million Pages:

4,000 sheets/drawer x 4 drawers/cabinet = 16,000 sheets/cabinet

1,000 _ &5 5 cabinets, or 63 cabinets

Each cabinet 1-1/4' x 2-1/2" = 3.13 sq ft

n

Aisle space = 2/3 of 3.13 251 8q £t

Total space per cabinet = 3.13 sq ft
2.12 sq ft

5.25 sq ft

63 cabinets x 5.25 sq ft = 331 sq ft = 335 sq ft (this could be
reduced 25% by using S5-drawer files)

It is important to note that although we have assumed one image/page,
we could double number of images, i.e., put one on each side without

increasing storage space required.
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REPRESENTATIVE MECHANIZED IMAGE-HANDLING SYSTEMS

FMA Filesearch System

This equipment is an up-to-date commercial version of the Rapid
Selector. The file medium is a 1,000-foot roll of 35mm film, with a
maximum of 32,000 document pages per roll. The pages are recorded at
a reduction of 25:1, and optically encoded indexing information accom-
panies each film frame. With this reduction ratio, 32 legal-size pages
can be recorded on each foot of film. It is estimated that a single
camera operator can photograph about 4,000 pages a day.* Space is pro-
vided on the film for a total of 56 alphabetic or 84 decimal characters
of indexing data on each frame, plus some marks for machine checking.
The indexing data can take any general alphabetic or numerical form.

The system consists primarily of a recording unit and a search unit.
The recording unit uses a 35mm planetary camera to record both the docu-
ment page and the indexing data on the same frame at the same time. To
speed up the generation of the indexing code pattern for filming, the
indexing data are first put in punched card form, so the cards can sub-
sequently be used to set up the patterns quickly and automatically during
the filming operation.

The search operation consists of typing a search descriptor or in-
dex number in a punched card, then using the card to set up the search
pattern in the machine. The system is capable of simultaneous handling
of up to six requests having a moderate degree of logic complexity. The
file is searched at the rate of 6,400 pages (200 feet) per minute, and
at the user's option, the selected frames are either displayed on a view-
ing screen, printed as full-size hard copies, or copied on another roll
of microfilm. Five minutes or more would be required to search the en-

tire 32,000-page file.

* Rp. A. Condon, ''The FMA Filesearch System,'" paper presented at a Sym-
posium on Information Processing, Los Angeles Chapter of the American
Documentation Institute, Los Angeles, California (September 1961).
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rather than for application to documentation problems in general.* It
comprises one of the largest and most expensive collections of equipment
ever developed specifically for information storage and retrieval. Pri-
marily because of its cost, its use has been restricted to a few special
government file problems. The first complete system went into operation
late in 1958.

In this system, the unit record or film chip is a L6mm by 32mm
piece of film which normally includes one or more images and their as-
sociated indexing data. Images are stored at a reduction of up to 60:1
and up to twelve legal-size pages can be recorded on a single chip.
Single maps up to 18''x22" can be recorded at a 38:1 reduction, and single
photographs up to 9'x9" can be recorded at a 20:1 reduction. The amount
of indexing data on each chip may range from 252 to 2,730 bits, roughly
corresponding to 42 to 455 alphanumeric characters. Because of their
small size, it has been found convenient to carry the chips on a skewer
in groups of 2,000 or less when manual handling is necessary.

The system includes a camera that photographs the original documents
on 16mm film and inserts the coding information on the same frame as the
related image, using data provided on punched paper tape. Approximately
500 pages of graphic material can be recorded in an hour, assuming an
average of 6 pages and 210 characters of code on each film chip. A 200-
foot-film magazine will record approximately 1,800 film records. After

* A. W. Tyler, W. L. Myers, and J. W. Kuipers, "The Application of the
Kodak Minicard System to Problems of Documentation,' American Docu-
mentation, Vol. 6, pp. 18-30 (January 1955).

J. W. Kuipers, A. W. Tyler, and W. L. Myers, "A Minicard System for
Documentary Information,” American Documentation, Vol. 8, No. 4,

pp. 246-268 (1957); this is also published as Chap, 7 in Information
Systems in Documentation, J. H. Shera, et al, Ed., Interscience, New

York (1957).

Anon., "More Instant Literature,” (Minicard description), Chemical and
Engineering News, PP. 82-83 (June 29, 1959).

W. L. Myers and G. L. Loomis, "The Minicard Film Record as a Common-
Language Medium," Chapt. 20 in Information Retrieval and Machine Trans-
lation, Part 1, A. Kent, Ed., Interscience, New York (1960).

A. L. Effros, "The Minicard System for Storage and Retrieval of Docu-
mentary Informationf paper presented at a Symposium on Information
Processing, Los Angeles Chapter of the American Documentation Insti-
tute, Los Angeles, California (September 1961).
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12"x18") can be photographed on one-half of the microfilm card. The
coding half of the card will hold a binary pattern for up to 25 six-
digit numbers that can be used to index or describe the contents of that
card.

The original microfilming is done by photographing "coordinate cards"
with a special camera unit. The coordinate cards are cards for each in-
dexing term which have the appropriately coded pattern printed on the
edge of the card. In this manner, the digital coding for a document
could be displayed for photographing by shingling the appropriate coor-
dinate cards next to the document. This is a very simple method for in-
serting the coding terms on a document, and could certainly be applied
to other microfilm systems. The searching is performed by a Selector
unit which reads the cards at a rate of 600 cards per minute. When the
Selector recognizes a coding combination that it has been instructed to
watch for, the card containing this code is shunted into a separate
pocket. A hard copy listing of the selected cards may be obtained by
running the cards through the Photolister unit. With the exception of
one experimental installation at USAF Rome Air Development Center, there
have been no installations in this country since the first commercial an-
nouncement here in 1958.

Video Storage

Image storage systems designed both by RCA and by Ampex, and referred
to as the Video File, store graphic images such as documents, maps, or
drawings, on video magnetic tape in much the same manner as a video tape
recording system. Each frame or image on the tape is accompanied by
digital data giving the file number or address of the image. The RCA
system has a resolution four times greater than commercial television
and can store a page-size document on about 3 square inches of video-
tape surface. A 7,200-foot roll of tape could store up to 36,000 pages.
The documents are initially recorded on tape by a scanning TV camera
which, with automatic page-feeding equipment, can operate at about
120 documents per minute. The file tape can be searched at the rate of
300 inches per second, and selected images can be displayed on a monitor-
ing screen or printed out by an Electrofax printer.

This equipment has been proposed by both companies but not used yet
for any operational information system.
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a scroll of microfilm 400 feet long by 17 inches wide, and containing
over 500,000 page-size images or over 28,000 large drawings per scroll.
A keyboard device is used to enter a CRIS address, and the image at that
address is displayed to the operator or provided in aperture card form.
The average time to retrieve any desired image is under 20 seconds, and
the retrieval time for sequential images is even faster. An aperture
card copy of the displayed frame can be made in about 20 seconds. The
scroll material is a Mylar base with a Kalfax emulsion, and is usually
prepared by contact printing from strips of microfilm that were obtained
by conventional procedures.

The system was first announced in 1961.

Magnavox MEDIA

The MEDIA (Magnavox Electronic Data Image Apparatus) system was
first demonstrated by Magnavox in 1961.% This photographic unit-record
storage system uses a combination of manual and machine search techniques.
The basic film chip is a 16mm by 32mm card that contains up to two 9"x15"
page images or three 83'x11" page images at a reduction of 30:1, and an
information field of up to 17 encoded and human readable digits to iden-
tify the image. These digits usually describe the document number as
well as some other codes. The documents are photographed on 100-foot
rolls of microfilm using a special camera unit, processed, and cut into
cards at the rate of 240 per minute. The cards are kept in capsules or
cartridges containing up to 200 cards. These capsules are stored in
regular file cabinets and are handled and selected manually. The chips
are usually not stored in order within a capsule, and the contents of
each capsule may be run through a sorting device to extract specific
chips from the capsule. To retrieve a specific file item (e.g., docu-
ment no. 1234598) a clerk selects capsule number 12345 from the file
cabinet, mounts it in the selector unit, and keys in the last two digits
(98). The cards are then scanned at the rate of 600 cards per minute to

* 1 p. Jenkins, "Magnetic Indexing, Microfilm Storage and Information
Retrieval," in Proc. 1lth Annual Conv. of the Nat'l. Microfilm Assoc.,
pp. 205-212, National Microfilm Association, Annapolis, Maryland

(1962) .

R. L. Laurent, "Magnacard--Magnavue--Media," paper presented at a
special conference of the Los Angeles Chapter of the American Documenta-
tion Institute, Los Angeles (September 1961) .
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Two MEDIA systems have been installed since their commercial an-

ement in 1961 One of these installations is the international As-
nounc .

sociation of Machinists in Washington, D.C., and the other is at the Home
Insurance Company in New York City

AVCO Corp. VERAC 903

The AVCO Manufacturing Corporation developed a single prototype
model of a mechanized photographic storage system in 1958 with support
from the Council on Library Resources * This system, the VERAC 903, has
not been operated yet in a real library environmsent The equipment was
designed to alleviate some of the storage problems of convent ional 1i-
brary systems. Three main pieces of equipment have been developed:

(1) a microphotographic memory, (2) & camers systoem 1O generate micro-
images from the input documents, and (3) an output system to display and
| reproduce selected portions of the micro-image file The photographic
i storage element was designed for a capacity of 1,000,000 reduced page
images, with an access time betweon 0.3 and 2.0 seconds to any page in
the memory. The images are stored at relatively high reduction ratios,
| 70:1 or 140:1. The output consists of a cathode ray tube display or &

microfilm reproduction of the images selected fros specific addresses or
page numbers,

IBM WALNUT
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by the IBM Corporation.* The system consists primarily of a file of
microfilm strips stored in bins, and a mechanical selection device that
can quickly go to a specified bin, mechanically select a strip of micro-
film, and copy images from that strip onto aperture cards. The basic
image file unit contains a total of 990,000 page-size images (200 plastic
cells of 50 strips each, with 99 images on each strip) stored at a 35:1
reduction. This is equivalent to about 3,000 books or the contents of
about 100 filing cabinets. Given an image number and page count, the
random-access selection equipment can locate the desired image in less
than 5 seconds, and transfer the image to a blank frame of Kalfax film
mounted in an aperture card. The Kalfax film is exposed with an ultra-
violet lamp and heat-developed by the basic file unit. The aperture card
has positions for four images, reduced 27.2 times from the original docu-
ment. The equipment can provide images from this file, on demand, at the
rate of about 500 aperture cards per hour. The aperture cards can be
viewed, or used to print copy on any of several models of commercially
available microfilm viewer-printers. The original address of the image
was given to the file in punched card form, and could have been the direct
result of a computer file search of some master index.

Another piece of equipment which accompanies the basic file unit is
the IBM 9403 Image Converter. This unit serves as the file input device
by transferring images from conventional 35mm sprocketed silver micro-
film (at an original reduction of 15.8:1) to the Kalfax file strips at a
further reduction of 2.2:1. The file strips utilize Kalfax film that has
an image resolution on the order to 550 to 600 lines/mm. The Image Con-
verter operates at a maximum rate of 1,500 frames per hour, to transfer

T R. W. Porter, "A Large-Capacity Document Storage and Retrieval Sys-
tem," in Large-Capacity Memory Techniques for Computing Systems, M. C.
Yovits, Ed., pp. 351-360, Macmillan Co., New York (1962).

N. A. Vogel, "WALNUT Document Storage and Retrieval System,” Proc,
11th Annual Conv. of the Nat'l. Microfilm Assoc., pp. 27-39, Nat'l.
Microfilm Assoc., Annapolis, Maryland (1962) .

P. D. Bradshaw, ''The WALNUT System: A Large Capacity Document Storage
and Retrieval System," American Documentation, Vol. 13, No. 3, pp. 270-

275 (July 1962).

J. H. Veyette, Jr., "Photo-Image Storage: Its Role in Modern Business,"
(includes a description of the IBM WALNUT system) Business Automation,
Vol. 6, No. 4, pp. 16-21 (October 1961).
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images to the file strips, assign addresses, and punch these addresses
i s t -

into a tab card.

Only one of these WALNUT systems has been installed, and this was

at the Central Intelligence Agency

tions since the equipment Was first announced
Specific information regarding the cost and nature of

There have been no other installa-

{n 1961, and there are no

units on order,

application 18 classified, and hence 1w not available for this project,

Representative Costs for Merhanngd Image Sys tens

Following is a summary of representative costs ¢ 14 mechanized

image systems:

Current | ; Purchase Cost

Equipment (Approximate) B
Benson-Lehner FLIP $ 40,000 to 50,000
FMA Filesearch 167,000
Ferranti-Packard Rapid Access Look-Up
System 17,000
Eastman Kodak Minicard wer 1.000,000
Filmorex System 25,000
IBM WALNUT System a0 000 1t | 000,000
AVCO Corp. VERAC 903 R 100, 000
Video Tape System 0 000 1t 1 800,000
Recordak Lodestar with Counting Accessory §,600
CRIS (Information for Industry) 25 000
CRIS Scroll Preparation Unit 10,000
Magnavox MEDIA Camera 8 . 500
Magnavox MEDIA Film Cutter 1 500
Magnavox MEDIA Selector-Reproducer 9% 500
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Appendix N

CONTACT LETTER

Dear Mr.

Stanford Research Institute requests your help in a study it is con-
ducting for a major data processing equipment manufacturer. The
Institute has been asked to perform a product planning and application
study to define the needs of industry and government relating to a

new high-density optical technique for storing, retrieving and dis-
seminating both written and graphic information.

I would appreciate a chance to visit with you or a knowledgeable mem-
ber of your systems staff to discuss possible applications of this
technique to some of your organization's information handling prob-
lems. I am particularly interested in obtaining a description of
your present requirements (written or graphic) for the storage, re-
trieval and dissemination of information, as well as any present or
planned methods of meeting these requirements.

Current plans should bring me to your city between and
I will telephone your secretary to arrange a more pre-

cise time for my visit when I arrive in the vicinity.

We hope our visit might prove as stimulating to you as we are sure it

would be to us.

Sincerely yours,

Arthur W. Dana, Jr.
Systems Analyst

AWD: jh
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Dr. Ray Wakerline, Supervisor
Technical Information Division
Lawrence Radiation Lab
Berkeley and Livermore, Calif.

Mr. Alfred S. Tauber
Staff Engineer
Houston-Fearless Company
Los Angeles, Calif.

Mrs. Barbara N. Yanick
Head Librarian

Nalco Chemical Company
Chicago, Ill.

Mr. Gerald Sophar
Vice-President

Jonkers Business Machines
Gaithersburg, Md.

Mrs. Zula Melup
Exerpta Medica Foundation
New York City, N. Y.

Mr. R. R. Gulick
Biological Abstracts
Philadelphia, Pa.

Mrs. Margaret Jeramaz
Office of Central Reference
Time-Life, Inc.

New York City, N.Y.
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Mr. Charles M. Stearns, Program Direct
Office of Science Information Services

National Science Foundation

1800 K Street
Washington, D.C.
(ST 3-2140, Ext. 447)

Mr. Joe Becker

Mr. Doug Duffy
Department of Defense
Washington, D.C

Mr. Ralph O'Dette, Program Director
Office of Support of Scientific Publicati
National Science Foundation

1800 K Street

Washington, D.C

(ST 3-2140, Ext. 635)

Dr. L. B. Heilprin

Council on Library Resources
1025 Connecticut Avenue, N.W
Washington, D.C

(DI 7-8877)

Dr. Richard Orr, Director
Institute for the Advancement of Medical Comsunicat
9650 Wisconsin Avenue
Bethesda, Md.
(656-2900)

Mr. Seymour Taine, Chief of Bibl
Editor of Index Medicus

Mr. Ed Miller, Deputy Chief
Reference Service Division

National Library of Medicine

'.',;r..;.'. ervice

8600 Wisconsin Avenue
Bethesda, Md
(656—4084, Ext 6217)

Mr. H. E. Sutcliffe Manager
Marketlng Research Department
Sweets' ‘

Catalog Service
(A Division of F.w Dodge Co

ovhed by N Graw-Hill

119 W. 40th Street
New York 18, N .y
(0X 5-3000)




Mr. R. C. Duff, Vice President
Thomas Publishing Company

461 Eighth Avenue

New York 1, N.Y.

(0X 5-0500)

Mr. John Markus

Technical Information Research Staff
McGraw-Hill Publishing Co., Inc.

330 W. 42nd Street

New York 36, N.Y,

(LO 4-3000)

Mr. Walker Stone, Editor-in-Chief
Engineering-Science-Mathematics
John Wiley and Sons, Inc.

440 Park Avenue, South

New York 16, N.,Y,

(MU 9-7630)

Dr. Elmer Hutchinson, Director

Dr. Hugh C. Wolfe, Director of Publications
American Institute of Physics

305 E. 45th Street

New York 17, N.Y.

(MU 5-1940)

Mr. E. K. Gannett

Managing Editor

Institute of Radio Engineers
1 E. 79th Street

New York City, N.Y.

(LE 5-5100)

Mr. Chester Lewis, Head
Central Reference Department

New York Times
(Author of Microrecording: Industrial Applications)

229 W. 43rd Street
New York City, N.Y.
(LA 4-1000)
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Mr. W. J. Casey = n. and Langan Aperture Cards
(Member, Board of Directors of Kalvar Corp. & . ’ \rds,
3 '

Inc.) N
Hall, Casey, Dickler, Hawley and Brady (law

500 Fifth Avenue
New York City, N.Y,
(LO 4-15035)

offices)

Mr. W. E. Cunningham, Vice-President
Sales Promotion

Shepard's Citations

Colorado Springs, Colo

Mr. Roy Nielson
University of California, Radiation Lab
Berkeley, Calif,

Mr. Robert J. 0'Keefe
Assist. Vice-President
Systems and Procedures
Chase Manhattan Bank

1 Chase Manhattan Plaza
New York, N.Y.

Mr. Earl J. Butler

Manager Records Administration
Metropolitan Life Insurance Company
1 Madison Avenue

New York 10, N.Y. (North Building)

Mr. John Garner, Manager Data Pro essis
Reuben H. Donnelly

466 Lexington Avenue

New York, g B

Mr. N, M. Spiva

Manager Methods and Research
Dun and Bradstreet

99 Church Street

New York 8, N.Y,

| Mr. McMahon, Program

Adming o
Spiegel, granbos

Incorporated

Chicago, 117,

l 1040 W, 35th Street
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Mr. Karl Adams
President

Micro Dealers, Inc.
1560 Trapelo Road
Waltham, Mass.

Mr. Charles Hughes

Records Management Department
Veterans Administration

Veterans Administration Building
Washington, D.C.

Major Ormerod

Station APCAS - Administrative Services
Room BF 873, Pentagon

Washington, D.C.

Mr, O. D. McCool

Director Records Management
USAAG

Temporary Bldg. B (Room 2033)
Washington, D.C.

Mr. Artel Ricks

Records Management Department

General Services Administration Archives
National Archives Building

Washington, D.C.

Mr. Voelker

Chief of Technical Division, Identification Bureau
Mr. Ganley

Federal Bureau of Investigation

Identification Building

2nd and B Streets, S.W.

Washington, D.C.

Mr. John Mitchell
Technical Staff
Mitre

Bedford, Mass.
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Mr. Norman D. Mears, president

Buckbee-Mears Company
245 E. 6th Street
St. Paul, Minn

Mr. W. E Mulvihill

pata Processing Group
Chrysler Corporation

341 Massachusetts Avenue
Detroit 31, Mich

Dr. A. D. Hestenes
Manager Electroni« Data Processing Systie:
General Motors Corporate Staff

General Motors Building
Detroit, Mich
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The potential for reducing the storage space required for
books and documents, through use of NCR’s Photochromic
Micro-Image (PCMI) technique, is graphically portrayed
in this photo. Marlene Wess holds in her right hand a piece
of PCMI film which contains the contents of eight copies of
the books she is holding in her lap. The same books, repro-
duced on microfilm, are shown on the wall behind.
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By A. S. Tauber and W. C. Myers

RECENT RESEARCH AND DEVELOPMENT by The
National Cash Register Company has resulted in
a promising new technique for the storage and
dissemination of micro-documents.

This new technique, called photochromic micro-
images (PCMI), has made very high density
document storage feasible at linear reductions of
200:1, representing an area reduction of 40,000:1.
Using this technique, it would be possible to record
a 300 page book within a square inch of film.

PCMI does not replace conventional microfilm.
As a matter of fact, high quality microfilm is used
as the input media. The new process is used to
extend the dimensions of micro-storage over that
available with standard microfilm. In a sense, the
process is one of “microfilming” microfilm.

The major difficulty in using a regular photo-
graphic type process for micro-image storage is
the probability of an error occurring at someé point
in the process. An error, for example, might be an
improperly focused image, or an imperfect micro-
film master negative. It might also result from a
piece of dirt, either in the optical system or upon

New process for storing tiny images “microfilms” microfilm.
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the film emulsion itself. In many cases it is simply
“human error”. - E

Basically, there is no satisfactory inspection
procedure to detect, as well as to correct, such
errors before the final development of the

A research “breadboard” model of a PCMI camera-recorc =
in use at NCR's Hawthorne, Calif., electronics division.~
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matrix. Therefore, correction of

entire matrix of images. Experience has shown
that the higher the reduction ratio attempted, the
more severe the “error problem” becomes.

One of the.:t‘xiajdr advantages of the new process
is that it not only permits inspection to occur at
any step of the process, but it also allows the
operator to correct errors. :

T~ s e 3%
photochromic_"eoaﬁngs

What is the PCMI process, and why does it
potentially permit such improvement in the effec-
tiveness of micro-document storage and dissemi-
nation above that available with more conventional
technologies?

Photochromic compounds exhibit color changes
when exposed to radiant energy in the visible, or
near visible, portions of the spectrum. For example,
one class of photochromic materials consists of
light sensitive organic dyes. NCR photochromic
coatings consist of a molecular dispersion of such
dyes in a suitable coating mafterial.

Photochromic coatings are similar to photo-
graphic emulsions in appearance and in other

W e S a_;.:.- .
| ol = 5 oo
les. They can be made to retain two-

perfect images requires the re-l o —--vev —armensional patterns oi.' i{;;;ge@'wivhich are optically

transferred to their surface. They can be coated,
in general, on the same types of material as
photographic emulsions, and they have excellent
resolution capabilities. In addition, both positive-
to-negative and direct-positive transfers are
possible. SRR

However, photochromic‘. coatings differ from
photographic silver-halide emulsions in a number
of respects. The coatings are completely grain free
and exhibit inherently high resolution. The image
becomes immediately visible upon exposure and no
development process is required. Further, because
the coatings are reversible, the information stored
can be optically erased and rewritten repeatedly.

The image appears on a PCMI plate or film when
the individual molecules are switched from either
the colored or the colorless state by light of the
proper wave length. All of the NCR coatings now
in use switch to the colored state when near ultra-
violet radiation is used. Switching to the colorless
state can be accomplished by using either heat or
visible light of the proper wave length.

Information stored on photochromic coatings is

MICROFILM PCMI

ORIGINAL CAMERA RECORDER

DOCUMENT %\

PHOTOGRAPHIC

mc;%‘szgelc MICRO-IMAGE
' MASTER
MASTER FILE
MICRO-IMAGE

SYSTEM _CONCEPTS
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semi-permanent in contrast to developed photo-
graphic film which is relatively permanent, the
result of the reversible nature of the photochromice
coating. The life of the photochromic micro-image
is dependent upon the temperature of the coating.
At room teriperature, image life is measured in
hours, but as the temperature is lowered, life can
be extended to months and even years.

This decay of image life prohibits the use of
photochromic micro-images in their original form
for archival storage. To overcome this problem,
NCR has developed ways to transfer the photo-
chromic micro-images to a high resolution photo-
graphic film. This transfer results in permanent
micro-images.

PCMI process

In utilizing the PCMI process, the original
document is first transferred to high quality con-
ventional microfilm. Near-ultraviolet light is
directed through the transparent microfilm and
into the micro-image optics. This forms a minia-
ture image on the photochromic coating. When all
of the micro-images are formed, and have been
properly inspected to see that no errors have been
made, the entire contents of the photochromic plate
are then transferred in one step as micro-images

REDUCES
COMPUTER
"“DOWN-TIME"

This precision instrument increases production by provid-
ing uninterruped feeding of continuous forms. Two sepa-
rate stacks of forms can be joined into one continuous
strip, thereby eliminating ‘‘down-time"" for unlozding and
loading forms. For use with IBM, Univac, RCA. Anelex,
Shepard or other high-speed electronic printers.

WRITE FOR LITERATURE AND PRICES

_DU[)/EX Drod. 5;,0 o

228 WEST PAGE ST. « SYCAMORE, ILLINOIS

38 Circle no. 13 on recder service cord.

to a high resolution photographic film by contact
printing. The photographic film is then developeq,
and the result is a photographic micro-image
master plate.

This master can then be used to “publish” any
desired number of duplicate micro-image cards by
using a contact printing process, again upon phoio.
graphic film. Using photographic film Provices
image permanency as well as potentially low COst
dissemination of the stored information.

For micro-image systems which have z need 0
store the PCMI master plate, an off line refriger.
ated file can be provided. For example, some
systems might require periodic updating of por-
tions of the original file. In such cases, it might be
more economical to keep the original PCMI master
plate and, when necessary, erase only these micr:-
images that need to be replaced, instezd of pre-
paring an entirely new PCMI master each time én
updating is required.

Storage

Many document storage and disseminzzion prob-
lems potentially lend themselves to mechanization
by a micro-image system: for example, libraries of
the future where books could be stored on smz)
cards and duplicates of these cards given 1o libra:-

- patrons for reading at home on compact viewirg

devices.

By using PCMI technology, every branch library
would be able to maintain as large a collection zs
the main library. Reservations would no longer
be necessary for the more popular books. Only one
master copy of the original material would have
to be stored, but this master copy would be in 2
form suitable for easy dupli¢ation. The master cor™
would never circulate or leave the library since
user requests would be filled by the duplicates.
which would be expendable.

However, the use of PCMI for complex infor-
mation retrieval systems will necessitate a great
deal more developmental work, NCR scientists
point out. For example, the ability to economicallr
and reliably produce, store, and duplicate micro-
images does not represent the complete answer -
realizing the full potential of PCML Adequzate
automatic techniques for indexing and searching
the micro-image file have vet to be fully developed.

Despite such problems, this new micro-image
technology does offer the following new horizons:

1. New system possibilities in the information
storage and retrieval field.
= 2. Document dissemination and file decentraliza-
tion for the libraries of the future.

3. Advantages to scientists, scholars, and profes-
sionals in all intellectual fields, such as relativelr
inexpensive microform publishing of their work.
and easier and more thorough access to the work
of others. u
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Recent research and development within The National
Cash Register Company has resulted in a new technique
for the storage ond dissemination of microdocuments.
This new technique, Photochromic Micro-Images (PCMI),
had made very high-density document storage feasible

at linear reductions of 200:1, representing an area re-
duction of 40,000:1. Features of the PCMI process are

Photochromic Micro-images, A Key fo
Practical Microdocument Storage

and Dissemination’

Received 28 May 1962

@ Introduction

Recent research and development within The National

Cash Register Company has resulted in a new technique
for the storage and dissemination of microdocuments.
This new technique, photochromic micro-images (PCMI)
(1), has made very high-density document storage feasi-
ble on a practical basis at linear reductions of 200:1,
representing an area reduction of 40,000:1. Using this
technique, it would be possible to record a 300-page book
within a square inch of film.
“PCMI does not teplace conventional microfilm. As a
matter of fact, high-quality microfilm is used as the input
medium. The NCR PCMI process is used to extend the
dimensions of micro-storage by a magnitude over that
available with standard microfilm. In a sense, the process
is one of microfilming microfilm.

This paper will have three major parts. First, the
PCMI process itself will be deseribed. Next, micro-image
svstem elements will be discussed. Finally, the paper will
explore just a few of the potential applications made pos-
sible by the future availability of relatively low-cost
micro-images which can be casily duplicated and dis-
seminated (or published).

@ The PCMI Process

Microfilm technology has existed for more than a cen-
tury, and it has been possible to make micro-images of

1 Paper presented at the April 1962 meeting of the Nationul Microfilm
Associntion,

Ve — Pem!

described. Next, micro-image system elements are re-

viewed with respect to their basic functions ond

potential incorporation into complete micro-image sys- M\'K
tems. Finally, some potential future applications of micro-

images in the fields of document storage and retrieval,

libraries, and microform publishing are discussed ond

explored.

ALFRED S. TAUBER and WILBUR C. MYERS

The National Cash Register Co.
Electronics Division
Hawthorne, California

documents at a reduction ratio of greater than 100:1 q
since 1830 (2). However, the practical limitations of, &2
straight photographic techniques have discouraged the P
development of devices capable of producing large quan-
tities of micro-images at these high reduction ratios. To
accomplish this implies laying down multiple images on
a common surface and exposing them individually by
some form of step-and-repeat technique.

The major difficulty in using a straight photographic-
tvpe process results from the relatively high probability
of an error occurring at some point in the process. An
error might be, for example, an improperly focused image,
or an imperfect microfilm master negative. It might also
result from a piece of dirt either in the optical system or
upon the film emulsion itself. In many cases it 1s simply !
“human error”. Basically, there exists no satisfactory in-
spection procedure to detect, as well as correct, errors be-
fore the final development of the master matrix. There- s
fore, correction of one or more imperfect images would \
require the re-recording of the entire matrix of images.
Experience has shown that the higher the reduction ratio
attempted, the more severe the “error problem” becomes.

One of the major accomplishments of the NCR PCMI
process is that it not only permits inspection to occur at
any step of the process but it also allows the operator to
correet errors. Therefore, by using the PCMI process, it
is now feasible to produce original master matrices of
micro-images at 200:1 reductions that contain images
numbering in the thousands:

What is the POMI process, and why does it permit such
a large jump in the effectiveness of microdocument stor-
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age and dissemination above that available with more
conventional technologies?

First, let us take a brief look at photochromic materials
(3, 4). By definition (5), photochromic compounds ex-
hibit reversible spectral absorption effects (ie., color
changes) resulting from exposure to radiant energy in the
visible, or near visible, portions of the spectrum. For ex-
ample, one class of photochomic materials consists of
light-sensitive organie dyes (6). NCR photochromic coat-
ings consist of a molecular dispersion of these dyes in a
suitable coating material. Photochromie coatings are simi-
lar to photographic emulsions in appearance and in other
properties. They can be made to retain two-dimensional
patterns or images which are optically transferred to their
surface. They can be coated, in general, on the same types
of substrates as photographic emulsions, and they can
exhibit excellent resolution capabilities. In addition, both
positive-to-negative and direct-positive transfers are pos-
sible,

However, photochromic coatings differ from photo-
graphic silver-halide emulsions in a number of important
respects. The coatings are completely grain-free, low
gamma (excellent gray scale characteristies), and exhibit
inherently high resolution. The image becomes immedi-
ately visible upon exposure and no development process is
required. Further, because the coatings are reversible, the
information stored can be optically erased and rewritten
repeatedly,

The image appears when the individual molecules are
switched from either the colored or the colorless state by
radiation (light) of the proper wavelength. All of the
NCR coatings now in use switch 1o the colored state when
near ultraviolet radiation is used. Switching to the color-
less state can be aecomplished by using either heat or
visible light of the proper wavelength.

Information stored on photochromie coatings is semi-
permanent, in contrast to developed photographie film
which is relatively permanent. This is a result of the re-
versible nature of the photochromic coating. The life of
the photochromic micro-image is dependent upon the
ambient temperature of the coating. At room temperature
image life is measured in hours, but as the temperature is
lowered life can be extended very rapidly to months and
even years.

Obviously, this temperature-dependent decay of image
life prohibits the use of photochromic micro-images in
their original form for archival storage. To overcome this
problem, means have been developed for transferring the
photochromic micro-images to a high-resolution photo-
graphic film. This transfer step is a simple operation and
results in permanent micro-images.

Mechanization of the NCR PCMI process is simple in
principle. The original document is first transferred to
high-quality conventional microfilm. Properly filtered,
near-ultraviolet radiation is directed through the trans-
parent microfilm and into the micro-image optics. This
forms u miniature image on the photochromic coating.
Consider, for example, a photochromic plate 3 x 5 inches

404 Asmericay DocvsestaTion—Ocroser 1962

in size. The size of each micro-image would be 0.0425 x
0.0550 inch, so that a matrix with up to 2,625 micro-
images could be placed on each 3 x 5 plate.

When all of the micro-images are formed and have
been properly inspected to see that no errors have been
made, the entire contents of the photochromic plate are
then transferred in one step as micro-images to a high-
resolution photographic film by contact printing. The
photographic film is then developed under highly con-
trolled conditions, and the result is a 3 x 5 photographic
micro-image master plate.

This 3 x 5 photographic micro-image master can then
be used to perform a most important function. It can be
used to “publish™ any desired number of duplicate 3 x 5
micro-image cards by using a contact printing process
again upon photographic film. Using photographic film
provides image permanency as well as potentially low-
cost dissemination.

® Micro-image System Elements and Considera-
tions

Micro-image svstem elements and supplies can be
broadly classified into two groups. One group consists of
the elements and materials required to produce the micro-
images, while the other group contains those items in-
volved in the use of micro-images.

The most important svstem element in the first group
is called the PCNI Camera-Recorder (Fig. 1). Reels of
35 mm, high-quality microfilm serve as the input media
for the PCMI Camera-Recorder. As can be seen in Figure
1, the photochromie film is enclosed within an environ-
mental chamber.

This chamber maintains the ambient air temperature
below 0°C and also filters out all dust particles above Y5
micron in size. The micro-image focusing optics can be
adjusted by a specially designed air gauge to an accuracy
of =15 uinches. Field diameter of the micro-image is 68
mils.

Micro-images are recorded upon the photochromie film
in a step-and-repeat manner. Consecutive pages are
written in a horizontal line. The images can be either con-
tinuously inspected during the recording process or the
Camera-Recorder can be placed in automatic operation
with inspection occurring at a later point in the process.
Before the contents of the photochromic film are printed
out, a thorough inspection can be made, if desired, to de-
tect any errors that have occurred. Errors are then simply
corrected by erasing the imperfect image and rewriting it
on the photochromie film.

After a perfect micro-image matrix has been prepared
on the photochromic film, the next step of the PCMI
process is a bulk transfer of this PCMI matrix to a high-
resolution photographic film by contact printing. This
procedure ulso takes place within an environment of dust-
free nir.

Figure 2 is a view of the laboratory breadboard model
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Fic. 1. PCMI Camera-Recorder.

used to make the first 200:1 micro-images by means of
the NCR photochromic process.

For micro-image systems which have a need to store
the PCMI master plate, an ofi-line refrigerated file is pro-
vided. For example, such systems might require periodic
updating of portions of the original file. Therefore, it
might be more economical to keep the original PCMI
master plate and, when necessary, erase only those micro-
images that need to be replaced, instead of preparing an
entirely new PCMI master each time an updating is re-
quired.

Still another important system element used for pro-
ducing micro-image cards is the off-line contact printer.
Input for this unit is the photographic micro-image
(PMI) master film prepared by the PCMI Camera-Re-
corder. High-resolution photographic film is used as the
output medium of this unit. The ofi-line contact printer
performs the important job of micro-image publiching
mentioned earlier in the paper. This unit makes low-cost
dissemination of micro-image cards possible.

Of all the system clements which might be required to
use micro-image cards, the most important unit is the
micro-image viewer or reader. It is expected that even-
tally there will exist a family of micro-image viewers

from which to choose. Viewers might range from man-
ually-operated, desk-top models to semi-automatic con-
soles. Choice will depend, of course, both upon the com-
plexity of the specific micro-image system involved and
the particular user’s requirements or needs.

As with many microfilm systems in use today, there will
also be a requirement for hard copy print-out of enlarged
micro-images. This will be accomplished by combining
both viewing and printing into a dual-purpose unit called
a micro-image Viewer-Printer.

The final element needed to complete a micro-image
syetem will be a file. As an example, if 3- x 5-inch cards
have been chosen as the basic unit medium of the micro-
image system, then, chances are, all that will be required
is a simple, manual 3 x 5 card file cabinet. Consider the
fact that a file of one million document pages could be
stored in micro-image form (at 200:1 reduction) on less
than 400 three by five cards. This represents a stack of
cards abont 4 inches high. For so few cards it would be
very difficult to justify the expense of automatie retrieval
cquipment. Of course, each micro-image system applica-
tion would have to be analyzed and system-engineered for
its own specifie requirements. Figure 3 summarizes the
micro-image system elements that we have just deseribed.
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Fic. 2. Research Breadboard Model of PCMI Camera-Recorder

From the previous discussion of the various svstem
elements used to produce and use micro-images, it can
readily be seen that a high degree of system flexibility 1s
available to the potential user. Since each application will
vary in the size of its file, the frequency of its activity,
the retrieval complexity of its search questions, and the
requirements for human-file interaction, there is no typi-
cal user.

A preliminary analysis indieates that only a relatively
small percentage of potential micro-image users would
need to acquire a PCMI Camera-Recorder. The great
majority of users would probably find it much more eco-
nomical to obtain at least their photographic micro-image
master cards from a PCMI service center. It is not at all
unreasonuble to expect that today’s dealer in high-quality,
volume microfilming will become the micro-image supplier
of the future,

decause PCMT storuge and dissemination syvstems read-
ily lend themselves to g modular approach, the potential
HUSCT can excerelse 4--!|~lvi-'.',x}-1(' Iﬂrw‘«lnnl ul' wlmll'(' in !11~

fystem component selection. This provides the possibility
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of continuous equipment compatibility with micro-image
svstem growth.

® Some Potential Applications of Micro-images

Except for the most trivial cases, almost any document
storage, dissemination, or retrieval problem lends itself
to potential mechanization by a micro-image system. An
examination of the information retrieval (IR) field has
led us to the conclusion that the original document, or its
facsimile in the form of either microfilm or micro-image,
will almost always be required.

Let us next consider a few potential applications for
micro-images. First, we would like to look at the dupli-
cating library eoncept proposed by Dr. Heilprin (7, 8) of
the Council on Library Resources. Dr Heilprin drew the
following distinetion between the present eireulating li-
brary and the duplicating or D" library of the future
In the circulating library, material is in eonventional
form, and normally it physically cirenlates in and out of
the ibrary. In a “D" library of the future, material would
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MANUAL ACCESS

F16. 3. Micro-image System Concepts.

be stored on “microform™ masters. Dissemination of ma-
terial would be one way, ie., non-returnable. Duplicates
of the “microform™ masters would be expendable,

Very little imagination is required at this point to see
the potential application of NCR’s micro-image technol-
ogy to Dr. Heilprin's “microforms” and the “D" library
of the future. For example, the “D” library could be
stored on 3 x 5 micro-image cards. At a 200:1 reduction
ratio, each card could contain from eight to ten average-
sized books. This represents approximately one square
inch of micro-imuges per book. Anyone requesting a book
could have it duplicated in micro-image form from the
master micro-image card on file st the “D” library. It is
expected that this could be accomplished on demand
while the user waited. Further, full-size, hard copy print-
out from the micro-image master could also be made
available 1o the user if the need arose.

By nsing PCMI 1echnology, every branch library wonld
bave the potential of maintsining as large a collection as

the main library. Reservations would no longer be nee-
essary for the more popular books. In a “D” library only
one master copy of the original material would have to
be stored, but this master copy would be in a form
suitable for easy duplication. The master copy would
never circulate or leave the library since user requests
would be filled by duplicates which would be expendable.

Simple, potentially inexpensive duplication at the
micro-image level, using contact printing techniques made
possible by PCMI, offers an entirely new dimension to the
high-density storuge process. Dr. Heilprin calls this new
dimension multiplication (8). Further, he states that
“This degree of freedom has vast implication for the
replenishment of lost and destroyed libraries in under-
developed areas, and the interchange of collections of
files” (8).

Perhaps the most serious problem remaining 1o be
solved before the duplicating library can become a reality
is not a technical one at all but the legal problem of copy-
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right. This legal problem must be resolved on an equita-
ble basis for both the author and the original publisher.

This leads into the next potential application area for
micro-images we would like to review, namely, the pub-
lishing of scientific, profcssimml, and academic publica-
tions. A significant, as well as pertinent, current trend in
this field is index publishing. In parallel with index pub-
lishing is the need for publication of the document set
being indexed as a microform. A recent manifestation of
this trend is the publication of the Thomas egister
Micro-Catalog in conjunction with the Thomas Register
Index to manufacturers.

Index publishing is being actively sponsored by many
prof(@si(m;ll societies. For example, in 1961 the American
Institute of Chemical Engineers set up A standard for
indexing articles of permanent value that appear in all
publications of the Institute. \[agazines in the chemical
industry such as Petroleum Refiner and Chemical En-
gineering Progress are publishing the index terms for each
article which 1s arranged for convenient reproduction by
photocopying. Similar programs are also in operation by
the American Society for \letals, the American Institute
of Electrical Engineers, and the American Chemical So-
ciety. Another example of index publishing jg a program
sponsored by the Council on Library Resources called
Project Law Search.

The importance of this current work In indexing 18
related to the fact that the information retrieval problem
is a very complex one. For example, the ability to pro-
duce, store, and duplicate micro-images economically and
reliably does not represent the complete answer. Ade-
quate techniques for indexing and searching the miero-
image file must also be worked out. However, as the ex-
amples just cited indicate, indexing techniques can be
developed for document retrieval which are relatively
independent of the document storage approach employed.
In one sense, indexing and document storage are comple-
mentary problems.

Because of the enormous expansion of published ma-
terial, increasing publishing costs, and rapidly rising li-
brary expenses for the storage and later use of this ma-
terial, there is an Increasing need for some type of
microform publishing. One approach that might be con-
sidered would be to publish and disseminate a book or
journal in micro-image form. One potential advantage of
this approach to publishing 18 that it would provide pub-
lishers and authors with the economic freedom to publish
greater amounts of information. A most interesting ex-
ample of a current journal that is being successfully pub-
lished in microform 1s Wildlife Disease. During the past
few years this publication has increased its number of
subseribers and has demonstrated the feasibility of miero-
form publishing. Another significant point is that micro-
form publishing has made possible 4 journal that previ-
ously could not be supported in 2 conventional printed
form because of the very limited number of subseribers.
It 1s l'nurﬂy ('l\nm'}\‘:g}nh' that 1n the future {H‘.l»‘.h]l(‘.“ will
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offer books and journals in both conventional and micro-
image form.

Still another potential ared of application for micro-
jmages 18 on-demand printing. Today, Various organiza-
tions, such as the National Library of Medicine, ASTIA,
and the United States Patent Office, have 10 provide the
means for handling 4 considerable amount of mail-order
requests for documents. Copies of documents from Very
large collections have to be supplied within 4 relatively
short pvriml of time. Activity rate, defined as the number
of pages retrieved per day divided by the total number
one-half

of pages in the file, is very low, on the order ol
of one per cent. It seems reasonable to expect that eco-
nomic as well as storage Space Pressures will eventually
force the conversion of present systems to some type of
microform system. The kind of duplication, or re-crea-
tion, of the original document that would be used for
dissemination would depend upon svstem factors such as
the tyvpe of microform used for storage and the needs of
the user.

NCR micro-image techniques, as discussed in this pa-
per, offer some interesting ]u-~>‘\‘. Jle solutions 10 this prul»-
lem. One possibility would be to store the entire document
collection on 3 X 5 micro-image MAaster cards in a system
configuration that would provide the amount of TetrH val
required. Further, if you will reeall, 1t Was pointed out
that the ability of the PCMI process to easily duplicate
micro-image cards by contact printing provides a new
system freedom—that of document dissemination. There-
fore, another Iv(br}‘hlhl_\' would be to consider the de-
centralizing of large document collections to varnous re-
gional areas. Of course, detailed system studies would
have to be made n each case to determine the relative ad-
decentralization over the

vantages and disadvantages Of
centralized file. However, the important factor is that
PCAI techniques permit the possibility of decentralizing
large master document files. The economics of more con-
ventional storageé and dissemination techniques almost
automatically preclude this possibility.

In 1945, Vannevar Bush prc.«-n’;ml the documentation
field with the concept of Memex (0). He envisioned
Aemex as 4 possible future device comprising a sort of
mechanized private file and library for individual use
\lemex was 10 be a desk-type umt equipped with 8 view-
ng sereen and a selection kevboard. 1t could store on film,
at reductions of 100:1 or better, & tremendous volume of
books, j(»llrl1:|\~, newspapers, correspondence, notes, and
phmm:r;mhs. In addition, the unit would have 4n indexing
tool that would allow the user to locate the stored mi-
terial.

The combination of NCR’s micro-image techniques for
document storage and interrogation units tied into a cen-
tral computer 10 provide indexing capability comes close
10 achieving the original Memex coneept. Theoretically,
at least, it 18 nOW possible for every user to obtain everd
document in his field of interest in micro-image form 0

that 1t can be casily stored, retrieved, displayed for view-

TR ;m;ﬂlﬂw -
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ing, and reproduced in enlarged form as hard copy when
desired.

® Summary and Conclusions

Before concluding this paper, we would like to review
briefly the most important characteristics which make
NCR’s micro-image technology unique in its field:

1. Photochromie films provide very high resolution

with no grain.

9 Photochromic films permit the storage of images
containing a wide contrast of gray scale because they
are inherently low gamma and grain-free.

3. Photochromic films provide immediate visibility of
the image upon exposure. No development process 18
required.

4. Photochromic films provide both erasing and rewrit-
ing functions. This permits the powerful processes
of editing, updatng, inspection, and error correction
to be incorporated into systems.

5. The PCMI process incorporates the ability to effect
a bulk-transier read-out of micro-images at the
900-1 reduetion level by contact printing.

6. Use of high-resolution dlver halide films provides
hoth permanency for the storage of micro-images
and economical dissemination of duplicates.

_The very high density of 200:1 micro-images ofiers
the possibility of using some form of “manual re-
trieval” techniques for many applications, This elim-
inates the normal requirement in systems of this size

for expensive and complex random access hardware.

In conclusion, we would like to propose that NCR's

micro-image technology offers the following new horizons
to the microform business of tomorrow:

a. It offers many fascinating system possibilities to the
infant storage and retrieval field.

b. It offers, among many other advantages, the power-
ful new svstem freedom of document dissemination
and file decentralization to the libraries of the fu-
ture.

e. Tt offers scientists, scholars, and professionals in all
intellectual fields many advantages from new tech-

nologies such as microform publishing and perhaps
even their own personalized form of Vannevar Bush’s
Memex.
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N c R THE NATIONAL CASH REGISTER COMPANY + DAYTON, OHIO 45409

1 DATA PROCESSING * ACCOUNTING MACHINES = CASH REGISTERS * ADDING MACHINES + SERVICE * SUPPLIES

DAYTON, OHIO 45429
May 24, 1967 INDUSTRIAL PRODUCTS DIVISION
3100 Valleywood Drive
1167

T 0 W

Mr. Charles P. Bourne

Director, Advanced Information Systems Division
Programming Services, Inc.

493 Middlefield Road

Palo Alto, California 94301

Dear Mr. Bourne:

In response to your inquiry, I am enclosing some descriptive material
which deals with the PCMI* Microform System in some detail. If after
reviewing this material you have additional questions or if we may be

of other assistance, please contact:

Mr. J. P. Roche

Account Manager

Microform Systems Sales
Industrial Products Division
2815 W. E1 Segundo Blvd.
Hawthorne, California 90250 |
(213) 777-7866 ‘

We thank you for your interest in the PCMI System.

Sincerely,

¥ L. Glanville
Assistant to the Marketing Manager
TINDUSTRTIAL PRODUCTS DIVISION

JLG:btt

Enclosures

*PCMI is a trademark of The National Cash Register Company .




THE NCR CLASS 455
PCMI® TRANSPARENCY
READER UNIT

The new NCR Class 455 Reader has
been developed to provide a low cost,
high quality device for viewing informa-
tion in micro image form. Fullest atten-
tion has been given to every detail of de-
sign and human engineering. The result
is an outstanding product which is efficient
in use and virtually maintenance free.

It may be operated by nearly anyone
after a brief introduction to its simple
access mechanism. A PCMI transparency
containing up to 3200 images is inserted
between a hinged pair of glass plates. The
glass plates perform the dual function of
1) holding the transparency in a plane,
and 2) acting as a heat sink to afford an
extra measure of protection against heat
damage. An almost effortless operator
movement will allow the entire cover glass
assembly to be moved in the x or y direc-
tion, singly or in combination, until the
desired image has been positioned for
viewing. Throughout this movement, the
optical system has mechanically “tracked”

the image plane so that only a touch of
the fine adjustment ring may be required
to bring the entire image into sharpest
focus.

The illuminating source is an advanced
design quartz-iodine cycle incandescent
lamp. The life of this lamp contrasts fav-
orably with conventional light sources
and, because it is not subject to the usual
internal blackening, its brightness is con-
stant throughout.

The 11” by 117 coated screen is design-
ed to assure image detail clarity and uni-
form brilliance. As an option, an adjustable
cover assembly can be provided to shield
the screen from ambient glare sources.

In consideration of the unique require-
ments for magnifying and projecting
images above 100 power, a special lens
system was designed exclusively for use in
the Class 455. The design and construc-
tion specifications for the fine optical sys-
tem are representative of the overall qual-
ity and precision inherent in this unit.

INDUSTRIAL PRODUCTS DIVISION

N c R DAYTON e NEW YORK

AMSTERDAM e FRANKFORT LONDON e MILAN e STOCKHOLM e PARIS

WASHINGTON e LOS ANGELES * TOKYO




SPECIFICATIONS:
Construction:

Size and Weight:

Viewing Screen:
Size:

Type:

Color:
llumination Source:

Focus Control:

Optical System:

PCMI Transparency Input:

Access Mechanism:

Electrical:

Environment:
Operating:

Non-Operating:

A quality optical mechanism integrated into
a durable frame.

26" high, 16" wide, and 24" deep;

Shipping weight- 48 pounds (approx.)

Net Weight-40 pounds

11" x 11" with 1-1/4" radiused corners with
added visual facility for row/column indica-
tion.

Rear projection, translucent, diffused surface
type for sharp high contrast, brilliant and
clearly illuminated images.

White

150-watt, 21-volt long-life quarfz-iodine cycle
incandescent source. Gives high intensity,
even illumination. A quiet and efficient cool-
ing fan is in operation whenever light source
is operating.

Lens system '“tracks” the image plane so that
gross focus is always maintained. Fingertip
controlled fine focus accomplished with con-
veniently placed knurled ring.

Choice of precision microscope type 115X or
150X specially designed, plano-optical sys-
tem. Heat absorption glass protects film
against heat damage.

Positive images for maximum clarity. Plastic
laminated transparencies 105 mm. x 148.75
mm.

Manually operated, inverted T arrangement
allows transparency holder to glide smoothly
on Teflon-coated bearings to any desired X-Y
position. Simple, efficient and trouble-free
direct access.

Single phase power source

47 to 63 cps at 90 to 127 volts

47 to 63 cps at 200 to 260 volts

Between 32°F. and 115°F.
Between 5% and 98% relative humidity
Between -40°F. and 180°F.

“PCMI is a trademark of The National Cash Register Company.
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A NEW PUBLICATION METHOD

THE PCMI MICROFORM SYSTEM




THE WALL STREET J OURNAILL THURSDA Y. DECEMBER 1, 1966
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Breakthrough! NCR introduces practical paperless publishing!

A microform system that lets you
publish 3200 pages on
4x 6 transparency, send it anywhere

for a nickel, and read it full

S1ze

when it gets there, again & again.

N C R announces a significant advance in

the field of information storage and dissemination.
The new PCMI Microform System should not be
thought of as a kind of second generation microfilm;
it would be more accurate to term it a new publish-
ing technique.

With PCMI you can:

1. Put up to 3200 814" x11” pages of data on a single
4" x 6" transparency.

2. Reproduce dissemination copies of that transpar-
ency for about a dollar each.

3. Mail this 4" x 6" transparency anywhere in the
U.S. and Canada for a nickel. It is practically inde-
structible and cannot be counterfeited.

4. Read every page on a reader in each dissemination
point. The reader rents for an average of ten dollars
per month.

A PCMI transparency can contain up to 3200 81%4” x 11”
pages of copy, line and halftone art.

Who can use the PCMI Microform System?

Any company which has a lot of information which
must be sent to a lot of places. Currently testing the
technique are Ford Motor Company (parts catalog),

The Boeing Company and National Airlines (727
maintenance manual), a number of educational so-
cieties, a legal reference firm and the Masel and
Brucha Microform Corporation (which wants to dis-
seminate classic Hebrew writings to scholars, libra-
ries and—eventually—Jewish laymen).

How does the PCMI Microform System work?

The amazing science of photo-chromics permits the
non-photographic reproduction of incredibly small
images. The technique, unlike photography, is re-
versible, so mistakes can be corrected during the
recording process. By visually checking each image
as it appears, NCR can produce a flawless PCMI
master. Then a photographic master negative is pre-
pared, checked and duplicate positives made and
laminated. A simple but optically sophisticated
reader returns the images to the original (or pre-
ferred) size for easy reading.

How does this system compare with microfilm?

Microfilm is basically a storage technique; the PCMI
Microform System is a publishing process since, in
the main, it replaces printed documents. With micro-
film you get an inexpensive first copy with copies
almost as costly as the original. The PCMI master is
more expensive but you can produce copies of a 3200
page document for about $1.00 each.

How long will the transparency last?

Indefinitely. The transparency is laminated front
and back. Scratches on the laminates, even dirt and
grease cannot obliterate the message. The laminate
also protects you from having the entire microform
reproduced by a competitor. Publishers will find this
can protect their copyrighted material.

Can you make hard copies of individual pages?

\'(es. Shortly after the shipment of our first produc-
tion readers, NCR expects to announce a machine to
produce hard copies of any page desired. For exam-

= 'iU‘U‘LIﬁ

MICROFORM SYSTEM

ple, this will permit a mechanic to take a parts dia-
gram to the car or plane for positive identification.

How quickly can you find information ?

After thorough training with the reader (about two
minutes and 45 seconds) you can find what you
want on a PCMI transparency faster than you can
in a book,

Many units are currently on field test and, even before pub-
lic announcement, NCR has orders for more than 26,000
PCMI readers.

What about updating ?

To update most conventionally printed catalogs,
price sheets or manuals, only the revised pages are
sent to dissemination points. This practice requires

costly, time-consuming manual replacement of indi-
vidual sheets. Because of the time involved, changes
often are never made, resulting in expensive errors,
potentially dangerous mistakes and lost orders.
With the PCMI Microform Systems, the data is up-
dated and a complete new transparency replaces the
old, virtually eliminating the chances of error.

How can your company test the PCMI Microform
System?

Write to NCR, Industrial Products Division, Day-
ton, Ohio 45429. Tell us the amount of information
you have, and the number of copies you need. We
will contact you as quickly as possible.

Let’s dream a little

The possibilities are endless. Technical and scien-
tific reference libraries are prime applications. Edu-
cational use of the PCMI system can be extended
into the computer-aided instruction field. Extremely
inexpensive home viewers are in the offing, The com-
plete works of Shakespeare, the great recipes of the
world, an unabridged dictionary would each fit a
single transparency. An encyclopedia would take
only eight. These and all the great books of the world
can be stored in the corner of a desk drawer.

What’s your idea? Revolutionize something!

*PCMI is a trade mark of the National Cash Register Company

®
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A NEW PUBLICATION METHOD - THE PCMI* MICROFORM SYSTEM

A new process which makes it possible to reproduce in excess of
3200 8-1/2" x 11" pages on one small transparency has been developed by
The National Cash Register Company. In addition, any desired number of
dissemination copies can then be read on specially designed reader units.

NCR believes that this process, the PCMI Microform System, is an
answer to the problem of storing and disseminating the enormous quantity of
books, pamphlets, reports and documents being produced today.

A new type of film is used in NCR's PCMI process. It consists of a
molecular dispersion of photochromic (light-sensitive) dye on a suitable sub-
strate. Normally transparent, the molecules of photochromic dye become opaque
when exposed to ultraviolet light. If an image is projected on the photo-
chromic film, it is immediately visible, without a development process.

Unlike conventional photographic film, photochromic films are
completely grain-free, and are capable of very high resolution. They will
retain images with resolution greater than 1000 lines per millimeter.

At the reduction ratios achieved, the equivalent of eight average
books can easily be recorded on one 105mm x 148mm piece of film. This means
that a file of 1,000,000 book pages can be contained in a stack of film cards
less than six inches high. A library of 60,000 volumes could be stored in
one drawer of a file cabinet.

The light sensitive reaction of NCR photochromic dyes is reversible.
After being changed to an opaque state by exposure with ultraviolet light, the
molecules of photochromic dyes will revert to their normal transparent state
upon the application of heat or visible light. Thus, if a defect occurs in

forming a micro-image, the image can be erased and corrected.

* PCMI is a trademark of The National Cash Register Company.
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process to reproduce tones and thus handle photographs allows creation of
micro-images from a wide range of input documents.

Figure 1 depicts the significant steps in the process of creating
PCMI microforms. A two-step reduction technique is employed; it begins with
the creation of high quality microfilm. At present 35mm sprocketed microfilm
is used at a reduction ratio which is most compatible with the input document
size, the nature of the data recorded on the document, and the physical limi-
tations of the microfilm itself. For 8-1/2" x 11" documents which contain no
printed characters smaller than 10 point size, a reduction of about 12:1 is
quite satisfactory. Quality control, a critical consideration throughout the
process, begins here since it is obvious that maximum detail and clarity must
characterize the microfilm if the ultimate micro-image is to be acceptable.
The microfilm is processed and inspected for defective images, water marks,
and the like, and retakes are made as necessary. The retakes are spliced
into position, replacing the original defective images, and a single input
reel is created. This input reel contains the two to three thousand frames
required to fill a PCMI master plate.

The second reduction step is accomplished by means of a device
known as a Camera-Recorder. Within this device is a glass plate coated with
photochromic material. The reel of microfilm is mounted on the Camera-
Recorder and near ultraviolet light is passed through each frame. The image
from each frame is further reduced either 10 or 20 times and the resulting
micro-image is focused on the photochromic master plate. For each image,
the Camera-Recorder also projects an appropriate row-column number to
facilitate indexing. Automatic mechanisms position the photochromic coated

glass plate and advance the microfilm on a step and repeat basis until the
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entire micro-image matrix has been created on the plate. A binocular
microscope, integrated into the Camera-Recorder, permits the operator to
inspect the micro-images, either as they are being formed or after the
plate has been completed. The entire Camera-Recorder operation for a
2,000-image matrix requires about two hours.

Owing to the nature of the photochromic material, the micro-images
are only semi-permanent in nature. Therefore, to provide permanent master
or "printing" plates, several high resolution photographic masters are contact
printed from the photochromic master plate. These photographic master plates
are processed and inspected. They are then utilized in automatic contact
printers which produce the desired number of dissemination copies. The rolled
output is processed and a protective laminate is applied. The film is cut to
standard dimensions (105 x 148mm), inspected and prepared for customer shipment.

Although the primary purpose of the laminate is to protect the
photographic emulsion from involuntary damage (e.g., dirt, scratches, harmful
atmospheric elements, etc.), several other benefits accrue from it. The
resulting transparency is quite rugged and requires no additional mounting or
frame to facilitate handling or file manipulation. Further, dirt, fingerprints,
and scratches on the surface of the laminate are beyond the extremely short
depth of focus which characterizes high magnification systems. Such surface
defects do not, therefore, adversely affect the projected micro-image to any

significant degree.

Copy Protection

The dissemination copies combine the archival properties of high
quality silver halide images with the physical protection of plastic laminate.

Perhaps more important when considering PCMI as a publication medium, the
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laminate on each dissemination copy positively precludes contact printing

of any additional microform copies. Individual pages may be duplicated, one
at a time, as with any other publishing medium. But to do so beyond a few
pages would not be competitive with the cost of obtaining an entire trans-—
parency from the publisher. This positive control over unauthorized and

illegal duplication affords ample protection to the publisher.

Results

Although resolution is by no means the sole determinant of image
quality, it does provide a convenient means for objective evaluation.

For microfilm input, NCR has specified 120 lines per millimeter
as minimum if high quality micro-images are to result. Owing chiefly to
optical limitations within the Camera-Recorder and to two subsequent gener-
ations of contact printing, dissemination copies typically afford resolution
of 650 to 750 lines per millimeter. Using these figures, a PCMI microform
at 150x reduction provides image quality comparable to high quality

microfilm at 30:1.

Cost

0f the many attributes which make the PCMI system an attractive
micro publishing media, perhaps the most relevant and certainly the most
practical is cost. As might be assumed for the detailed and highly critical
nature of the process involved, the cost of creating the photographic master
printing plate is appreciable. The exact price depends upon the number of
master plates required and upon the number of images per master plate. The
price of each dissemination copy is constant regardless of the number of

images thereon.




The economic advantage of the PCMI system exists where there is
a requirement for a large number of copies. The cost of preparing the
master plate may then be prorated over the number of copies and the per
copy cost approaches one dollar as a lower limit. Figured on a cost per

image basis, the cost is usually 1/20th of a cent or less per page.

Reading Equipment

Reductions well beyond 250:1 (62,500 times area reduction) are

practical to attain with PCMI. However, information on microfilm has
little practical value if suitable reader equipment is not available. Some
of the factors considered when designing PCMI reader equipment were:

Optical magnification desired
Screen brightness

Screen size

Image quality

. Lamp life

. Reader unit cost

(o) NS R S U S
.

The combination of these parameters which NCR feels will fulfill
the requirements common to most users were built into low-cost readers. One
of these has a fixed magnification of 115 times. This allows storage of
over 2,000 micro-images on a single transparency (assuming documents which
are 8-1/2" x 11" and a full-size image of the original on the screen). The
open aperture screen brightness on this model is in excess of 60 foot-lamberts
when measured axially at a distance of 15 inches from the screen. The screen
size is 11" square to accommodate an 8-1/2" x 11" image oriented either
vertically or horizontally. A low monthly rental cost of the 115x has been
established, depending upon the rental period and upon whether or not full
service coverage is included. NCR feels that this combination of performance
versus price will find broad acceptance in application areas where wide

dissemination of volume data is required.
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Another reader features 150x magnification which allows more than
3200 images per transparency.

We are aggressively continuing our research efforts to enable us
to find a satisfactory combination of such factors as screen brightness,
lamp life and image quality to enable us to provide readers with magnifi-

cations well beyond our current capabilities.

As A Publishing Media

What are the principal implications of the PCMI Microform System
as a publishing media? They fall into two general classes of publishing,
in-house and commercial.

By in-house is meant the publication of material for internal use
by any large organization which does business on a widely decentralized
basis. In addition to utilizing the PCMI system as previously described,
i.e., hard copy to microfilm to PCMI, recent developments in computer tech-
nology give rise to some fascinating new systems possibilities.

Consider the information handling pattern which came about during
the early years of electronic data processing. Information from field
business locations was delivered to a centralized EDP installation where it
was sorted, manipulated and combined to produce important new reports.
Suddenly there was more information in a more useful form than had ever been
available prior to EDP. These reports were produced and disseminated, but
only on a limited basis, due to the time and cost of producing multiple

copies. Indeed the output of this information by means of high speed line

printers sometimes took longer than did its creation. Even the best line

printer currently available is limited to under 10 legible copies produced
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from a single printing operation. Dissemination copies produced in this
fashion must be decollated and possibly bursted and bound.

It has become evident to business management that although there
is more information available within their EDP installations, the maximum
benefit can be derived only when this information is made available to the
field locations where it can be acted upon. EDP equipment manufacturers
responded to this need with a dazzling array of data communication networks,
on-line systems, and the like. But the cost to disseminate vast quantities
of information to a large number of field locations by such a system is often
staggering. Besides, the speed afforded by these systems is not always
required.

Several years ago, a significant development occurred in the area
of computer output. Devices became available which could, at the rate of
thousands of characters per second, accept information from either a computer
or from magnetic tape, display this data on a cathode ray tube, and trigger
a microfilm camera to record the CRT display. The microfilm could then be
used as 1) the dissemination copy itself, 2) a master copy from which
dissemination microfilm copies could be contact printed, or 3) input to a
device which would produce the required hard copy for distributional purposes.

The PCMI system adds an important alternative in this connection.
Computer-generated microfilm can be produced which is suitable for input to
the PCMI process. PCMI microforms thus provide a most economical vehicle for

transmitting this information to decentralized locationms.

User Acceptance

With regard to commercial publishing, some significant points

relative to economic feasibility, protection against unauthorized duplication,
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etc., have been previously discussed. What about user acceptance? Here
the question is not whether the user will accept microforms as readily as
books, but, rather whether the user will resist this change to the extent
of making its implementation impossible.

Certainly a great missionary effort is involved in attempting to
bring about so dramatic a change in form as from books to PCMI microform.
But there is ample reason and cause to attempt it. The so called "infor-
mation explosion" is much publicized and widely lamented by frustrated
researchers, managers, educators, librarians, and other professional people.
The situation is compounded by a second "explosion" represented by our
burgeoning population. Volumes of statistics have been cited which indicate
that these problems are critical today and are certain to get progressively
worse. Recently enacted federal legislation recognizes the problem as both
national and international in scope. Microphotographic storage such as the
PCMI system has the following strong economic and logical reasons for its
inclusion in any proposed solution:

1. Conversion of existing literature would be simplest

and most economical.

2. Information stored in this form could be indexed
with equal facility by nearly all present indexing
systems.

3. Maximum storage density is achieved.

4. Grapnic, photographic, and alphanumeric information
may be stored with equal ease.

5. The mechanics of retrieval are greatly simplified
by having data in such compact form.

Additionally, the PCMI Microform System alone offers the following
unique combination of capabilities:

1. NCR photochromic films provide very high resolution

capability.

2. Images created using photochromic film are immediately
visible upon exposure.




3. Images created using photochromic materials may be
erased and rewritten, thus providing a facility for
l' updating, editing, and error correction.
4., A wide range of alphanumeric, graphic, and photo-
graphic documents can be effectively stored.

|l 5. The PCMI process provides permanent silver halide
dissemination copies on an economical mass production
basis.
6. The very high storage density intrinsically reduces
' || the problems of data access and manipulation.

The PCMI Microform System will make a significant contribution to

l ll This, after all, is the basic function of publishing.
1
|

the task of making more information more readily available to more people.

=10 =
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NIC|/R| THE NATIONAL CASH REGISTER COMPANY

ELECTRONICS DIVISION

The young lady above is holding a film chip containing an entire copy
of the Bible. On this 2 inch by 2 inch frame are stored 1245 pages of
text. The 2000 copies shown in the picture represent a document
collection of 2,500,000 pages. This display dramatizes the storage
and dissemination capabilities of NCR's new photochromic micro-
Image technology.

INVITATION

The National Cash Register Company has developed a photochromic micro-image (PCMI) process
that provides, for the first time, the practical means for the recording and dissemination of a
plurality of micro-images with very high packing density. PCMI concepts and technology will be
demonstrated in the NCR suite at the Benjamin Franklin Hotel in Philadelphia during the 1964
National Microfilm Association Convention, April 28, 29 and 30.

You are invited to stop in and see a PCMI demonstration and to consider this technology for
possible application to your micro-image system needs. Some of the potential application areas
for PCMI techniques are information storage, retrieval and dissemination, microform publishing,
on-demand printing, and specialized library uses.

Further inquiry may be directed to The National Cash Register Company, Electronics Division,
Edmund F. Klein, Manager, Military Department, 2815 W. El Segundo Boulevard, Hawthorne,
California, area code 213, 757-5111. '

April 17, 1964
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ABSTRACT

Development of the photochromic micro-image (PCMI)
process by The National Cash Register Company pro-
vides, for the first time, the practical means for the
recording and dissemination in quantity of a plurality of
micro-images with very-high packing density. Linear
reductions from 100-to-l to greater than 200-to-l
(representing area reductions from 10, 000-to-1 to greater
than 40, 000-to-1) have been successfully demonstrated
by using a variety of image formats, such as printed
materials, photographs, drawings, and fingerprints. Key
factors inthe success of the PCMI process are the follow-
ing capabilities: a) inspection and error-correction at
the micro-image level; b) high-resolution contact printing
of micro-images on amass production basis; and c)simple,
effective retrieval and utilization of micro-images by

means of specially designed viewers.

A basic PCMI system, consisting of a camera-recorder,
automatic contact printer, and a micro-image viewer,
has been completed and is operational. Development
studies are underway with this equipment to accumulate
data for system application studies. Some of the po-
tential application areas for PCMI techniques are in-
formation storage, retrieval and dissemination, micro-

form publishing, and specialized library uses.
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INTRODUCTION

For several years The National Cash Register Company
has conducted research and development in advanced
microdocument technology. This has resulted in the
development of the photochromic micro-image (PCMI)
process" ve which provides the means for the first time
of practically achieving the storage, publication, and
dissemination of a plurality of micro-images with very
high packing density. Linear reductions from 100-to-1
to greater than 200-to-1, representing area reductions
from 10,000-to-1 to greater than 40, 000-to-1, have been
successfully demonstrated by using a variety of image
formats, such as printed materials, photographs, draw-
ings, and fingerprints. Prototype equipment has been
completed which demonstrates how these very high-
density micro-images canbe mass produced economically,
i.e., published, for easy dissemination, and subsequently

retrieved and utilized by means of a micro-image viewer.

To illustrate the PCMI capability, a complete 1245-page
Holy Bible ai was prepared in micro-image form upon a
single film substrate. The linear reduction ratio used
was 220-to-1, representing an area reduction of 48, 400-
to-1. The area of the micro-image Bible text was 1.95
square inches. Figure 1 shows a set of 2000 micro-
image Bibles prepared by contact printing from the same
photographic micro-image (PMI) master plate. This

represents a publishing operation of 2.5 million pages.
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The Holy Bible in Micro-image Form

Figure 1.



HISTORICAL BACKGROUND OF MICRO-IMAGES

The origin of micro-images generated by means of micro-
photographic techniques dates back to 1839, the same
year that the first two successful photographic processes
were announced to the worlda. Two men dominate the
first few decades of microphotography. John Benjamin
Dancer, the English scientist, inventor, and optical manu-
facturer deserves the credit for making the first micro-
photograph in the autumn of 1839. For this purpose,
Dancer used the newly invented daguerreotype photo-
graphic process. He was also responsible for carrying
on many of the experiments which ultimately resulted in
making microfilm a practical medium for reproducing and
storing printed and pictorial documents. The responsi-
bility for establishing microfilm on a commercial scale
belongs to the French chemist, inventor, and portrait

photographer, Rene Dragon.

Dr. G.W. W, Stevens7, a world authority on microphoto-
graphy, suggests several logical reasons for the slow
adaptation of microphotography to practical problems.
First, the work of Dancer and Dragon demonstrated the
potential of micro-images produced by photographictech-
niques, rather than the immediate practicality of the new
process. Second, general and extensive use of a process
requires that economical and reliable methods must be
developed for producing large numbers of micro-images.
Third, it has only been within the past three decades that
technology began to provide such important related items
as transparent and flexible film bases, better emulsions,

and appropriate illuminants for micro-document viewers.
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This thesis is very much supported by Hawkins' review

of the subject. In fact, Hawkins says that 1936 was the
turning point in the acceptance of microcopying as a

practical library technique.

Stevens7. as well as many others, further points out that
only within the last generation has the need for microform
documents become really pressing. Today this need has
become urgent! Webster. defines "document" as "an
original or official paper relied upon as the basis, proof,
or support of anything else; in its broadest sense including
any writing, book, or other instrument conveying infor-
mation". Documents no longer exist today in just one
form, but in two — the original or facsimile thereof, and/or
amicro-image of the original. As a matter of fact, micro-
image processes and systems, together with electronic
data processing (EDP) systems, encompass virtually the
entire field of information handling. The striking anomaly
in this comparison of micro-image systems with EDP is
that EDP applications, hardware, and systems far outstrip
those of micro-images, in spite of the fact that EDP is
commercially less than 15 years old! Evidence is
rapidly accumulating, however, that this gap between
micro-image and EDP in applications and system sophis-
tication is beginning to narrow. Today, micro-images in
a wide variety of forms are widely used not merely for
their dead record preservation function but as a highly
active intermediate process in numerous live applica-
tions as well.




It is probable that the single most important impetus to
the trend of live micro-image systems was the approval
and subsequent publication in 1960 by the Department of
Defense of a group of specifications covering a DODengi-
neering data microreproduction system. Four of these
documents’ were directly related to 35 millimeter micro-
film and aperture cards. Inlate 1962, these specifications
were revisedlo andnow serve as a very important stand-

ard for the entire microfilm industry.

Prior to this action by the Department of Defense, there
had been an appalling lack of standardization as well as
variation in uniformity and quality in the microfilm in-
dustry as a whole, Since then, other stepstowards stand-
ardization are being taken in the industry. One of the
most recent and important standardization moves concerns
the publication'' in 1963 of a microfiche standard speci-

fication for documents 8.5 by 11 inches and smaller.

Microfiche, which are sheets of film containing sequences
of micro-images usually with a caption legible to the un-
aided eye, are not new. They havebeen in usein a variety
of formats for many years. In Europe, microfiche are
widely used for scholarly books and for similar library
purposes. The technique was not applied in the United
States to anywhere near the same extent untilvery recent-
ly. It was then discovered that microfiche offered a
potentially practical solution tothe increasingly important
and complex problem of publishing and disseminating
scientific and technical documents. This requirement is
strongest within the government, and the need is literally

for millions of micro-images.




The increasing attentionto and awareness of standards by
the microfilm industry is a healthy and optimistic sign
that it may well be on the threshold of spectacular growth.
Another indication in this direction is the rapidity with
which the micro-image field is changing with respect to
new techniques, processes, hardware, and systems.
Much work, however, remains to be done, particularly
in the systems area, before micro-image technology
begins to deliver more than a small fraction of the po-

tential predicted for it over 100 years ago.

REQUIREMENTS FOR THE MASS PRODUCTION OF
MICRO-IMAGES

Systems utilizing micro-images in the range of 25-to-1
reduction ratio are commercially available for a rapdily
growing variety of records management and library-type
applications. Both production and office-type micro-
image equipment, such as cameras, contact printers,
viewers, viewer-printers, and allied devices, have been
in general use long enough for adequate economic data to
be available to anyone who must make decisions for setting
up and operating such a system. However, practical
limitations of normal photographic technology (also includ-
ing non-silver halide, non-reversible image-forming
Processes) have discouraged the development of devices
capable of producing and using large quantities of micro-

images much greater than 25-to-1 reduction ratio'? .




To understand why this has been the case, it will be

instructive to examine the general requirements for mass
producing micro-images = . Any process for this pur-
pose implies laying down multiple images on a common
surface and exposing them individually by some form of
step-and-repeat technique. The process will alsoinvolve
a detailed consideration and careful control of most, if

not all, of the following factors.
. Nature of the input document.
e Final image quality required.
k3 Reduction ratio employed.
° Exposure conditions.
e Film processing.

© Contact printing and number of generations

involved when multiple copies are needed.

© Inspection and quality control procedures used

throughout the process.

A much more intangible factor, but perhaps one that is
most important to the end results achieved, is related to
the actual people responsible for doing the work. Satis-
factory end results dependupon a strict fidelity to speci-
fied process conditions. Each of the previously listed
factors will now be examined briefly (for a more detailed

treatment, refer to References 16 through 21).




NATURE OF THE INPUT DOCUMENT. The degree of
ease or difficulty in producing usable micro-images is
enormously affected by the properties of the original
documents to be copied. The number of different kinds
of documents that a systemhas to handle is also very im=-
portant. Typical examples of input material might be
printing, photographs, handwriting, maps, and line

drawings.

IMAGE QUALITY REQUIRED. Process tolerances will
of necessity be influenced by the fidelity to which the
micro-images are required to reproduce the original
upon blow-back (i. e., viewing). Any photographic-copying
process must cause a finite amount of image degradation
with each successive generation of copying. The degree
of loss might range from barely detectable with a micro-
scope to complete illegibility, Contrast level used in the
process is also important for working tolerances. There
is an understandable tendency for the micro-image user
to judge results by the appearance of the final blow-back
withoutmaking proper allowance for the properties of the
original document. In practice, best results are obtained
by adjusting until the darkest black of any one document
is recorded as not quite black, while the whitest back-
ground is recorded as light grey. Such copies will then
record the entire tonal range of all the documents to be
copied without an appreciable loss in legibility.




REDUCTION RATIO EMPLOYED. Various practical
factors limit the degree of reduction that can be effec-
tively used. With high reduction ratios, imperfections
in the film materials become increasingly important, al-
though modern manufacturing methods and associated
rigid quality control measures have effected a very marked
quality improvement in commercially available high-
resolution films. More serious is that the smaller the
micro-images become, the greater will be the number of
images normally recorded on a single substrate, and the
greater will be the cost if even one image on a substrate
is defective. Equipment for producing and using high-
reduction ratio micro-images also demands higher pre-
cision. Verry 2 states that micro-image system designers
should remember that theuser normally reads microfilm
by necessity instead of by choice, and is not interested in
technical achievement per se. Therefore, the user judges
the value of micro-images by his ability to read them
without strain. Added to this, of course, must be the
economic and system trade-offs involved as reduction
ratios become higher and higher. To paraphrase
Stevens  : A micro-image process should be operated
with the largest-sized images consistent with the system

design requirements of the user.

EXPOSURE. A critical stage in the micro-image pro-
duction process is the exposure of negatives? . This is
intimately related to image quality and can be essentially
thought of as two problems, namely, the copying of docu-

ments with varying contrast or brightness range, and




those with varying line widths. As previously stated under
image quality, small changes in exposure conditions pro-
duce disproportionately greater changes in the negative
because of the typical microfilm high contrast character=-
istics of the emulsion. In essence, for a positive, under-
exposure gives a reduced line width whereas overexposure
causes a broadening of the lines and a coarsening of the

image.

FILM PROCESSING. Once a satisfactory set of film
processing conditions have been found for the particular
micro-image variables involved, the principal problem
becomes one of deciding whether manual or automatic
processing will be used. While this is partially an eco-
nomic determination, it is highly preferable, from an
engineering viewpoint, to utilize continuous-processing
equipment wherever possible because strict attention to
details is mandatory. Exacting controls must be placed
upon the time, temperature, cleanliness, and the integrity
of all solutions and materials used in each step of the
process, and this is more readily accomplished on a

production basis by using automatic equipment.

CONTACT PRINTING AND NUMBER OF COPY GENER-
ATIONS. Attention is directed at this point to the entire
emphasis placed inthe preceding sections uponthe mass-
production methods which are essential for economically
pProducing very large numbers of micro-images. These
pProcesses must operate under such conditions that the

probability of any image proving unsatisfactory is very
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small. It is not particularly difficult to make excellent
micro-images with much smaller dimensions than those
normally used for commercial purposes, and, from time
to time, it has been variously suggested that greater re-
duction ratios should be employed. However, to the best
of the author's knowledge, contact printing to film on a
mass-production basis of large quantities of high-reduc-
tion ratio micro-images on a single substrate has been
neither reported in the literature nor demonstrated in
fact prior to the development of the PCMI process by
NCR *.

INSPECTION AND QUALITY CONTROL PROCEDURES.
From the preceding discussion, it should be apparent that
the technical approach to producing high-reduction ratio
micro-images on a production basis needs to be quite
different from that used for normal commercial micro-
filming. The micro-image process should be organized
for effective image inspection as well as for maximum
use of modern quality control techniques. It is not only
interesting but highly significant that the necessity for
inspection of microscopic images has been repeatedly
described in the literature as far back as 1865 i . This
requirement derives from the relatively high probability
of error occurring at some point in the micro-image
process. An error might be, for example, an improperly
focused image, or an imperfect input image. It might
also result from dirt in the optical system or from dirt

on the film. In most cases, Ives?® found it to be one

11




form or another of human error. When non-reversible

image forming techniques are used, the heart of the in-
spection problem results from the fact that there exists
no known inspection procedure to detect errors before
final development takes place. Thus, error-correction
of one or more imperfect images requires re-recording
of the entire matrix of images. Experience has shown -
that the higher the reduction ratio used, the more acute
the error problem becomes.

One of the major attributes of the PCMI process is that
it not only permits inspection to occur at any step in the
production of the photochromic micro-image master
matrix, it also gives the operator error-correction
capability. Therefore, by using the PCMI process, it is
now practical toproduce master matrices of micro-images
at reduction ratios ranging from 100-to-1 to 200-to-1 that
contain usable images numbering in the thousands. In
addition, new techniques for contact printing with these
master matrices of micro-images have been developed
which allow the future dissemination of micro-images to

be considered on an unprecedented scale.

PHOTOCHROMICS AND THE PCMI PROCESS

What is the PCMI process, and how does it permit such
a large jump in the effectiveness of mic ro-image storage

and dissemination above that available with more con-
ventional technologies ?

12
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First,let us take a brief look at photochromic materials .

By definition e , photochromic compounds exhibit reversi-
ble spectral absorption effects (i.e., color changes) re-
sulting from exposure to radiant energy in the visible, or
near visible, portions of the spectrum. For example, one
class of photochromic materials consists of light-sensitive
organic dyes" . NCR photochromic coatings consists of
a molecular dispersion of these dyes in a suitable coating
material. Photochromic coatings are similar to photo-
graphic emulsions in appearance and in certain other
properties. They can be made to retain two-dimensional
patterns or images which are optically transferred to
their surface. They can be coated on the same type of
substrates as photographic emulsions, and they can ex-
hibit excellent resolution capabilities. In addition, both
positive-to-negative and direct-positive transfers are

possible.

Photochromic coatings differ, however, from photographic
silver-halide emulsions in anumber of important respects.
The coatings are completely grain-free, have low gamma
(excellent gray scale characteristics), and exhibit in-
herently high resolution. Figure 2-A shows a photograph
reproduced from a 35-millimeter negative film. Figure
2-B shows the same photograph reproduced froma photo-
chromic reduction of the 35-millimeter negative to an
image with a dimension of 0.06 inch. The image becomes
immediately visible upon exposure and no development
process is required. Further, because the coatings are
reversible, the information stored can be optically erased

and rewritten repeatedly.
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Figure 2. Micro-image Reproductions

The image appears when the individual molecules are
switched from either the colored or the colorless state
by radiation (light) of the proper wavelength. All of the
NCR coatings now in use switch to the colored state when
near-ultraviolet radiation is used. Switchingto the color-
less state can be accomplished by using either heat or

visible light of the proper wavelength.

Information stored on photochromic coatings is semi-
permanent, in contrast to developed photographic film
which is relatively permanent. This is a result of the
reversible nature of the photochromic coating. The life
of the photochromic micro-image is dependent upon the
ambient temperature of the coating. At room temperature,

image life is measured in hours, but as the temperature

is lowered, life can be extended very rapidly to months,
and even years.
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The temperature-dependent decay of image life obviously

prohibits the use of photochromic micro-images in their
original form for archival storage. To overcome this
problem, means have been developed for contact printing
the photochromic micro-images to high-resolution photo-
graphic emulsions in order to obtain permanent micro-

images.

Inprinciple, the PCMIprocess is performed by the follow-
ing series of operations, The original (input) document is
first transferred to good-quality microfilm *® at a re-
duction ratio of approximately 10-to-1. Properly filtered,
near-ultraviolet radiation is then directed through the
transparent microfilm and into the micro-image optics.
This optical train effects a second reduction of the image
resulting in the desired reduction ratio and also focuses
the micro-image upon a photochromic coating. The micro-
image thus formed becomes immediately visible and is
available for inspection. If a defective micro-image is
found upon inspection, the cause of the error is located

and corrected.

The defective micro-image is erased from the photo-
chromic plate by properly filtered light containing an
erasing waveband. The correct micro-image is re-
recorded in the same location by repeating the writing
sequence of operations and inspection is performed again.
This sequence of operations is performed in a step-and-
repeat manner until the entire matrix of photochromic

micro-images is complete and without visible errors.

15




The entire contents of the photochromic micro-image

plate are then transferred (as micro-images) in one step
by contact printing onto a high resolution photographic
plate. The photographic plate is next developed under
highly controlled conditions resulting in a photographic
micro-image (PMI) master plate. Micro-image dis-
semination (duplicate) films are prepared in a similar
manner using the PMI master plate to contact print onto

high-resolution photographic film.

A more detailed discussion of the techniques and equip-
ment required to produce high-reduction ratio micro-
images using the PCMI process is discussed in the

following paragraphs,

THE BASIC PCMI SYSTEM

PCMI system elements can be classified into two essential
groups. One group consists of the hardware and materials
required to produce micro-images, whereas the other
group contains the items necessaryto use micro-images.
The basic PCMI system is illustrated in Figure 3, and
represents the minimum number of elements required to
produce and use micro-images. Since PCMI systems
differ from one another principally in their use of micro-
images, the following discussion will be limited to the
basic PCMI system shown in Figure 3. Later portions of
the paper will explain how this basic system can be
easily expanded to meet a wide variety of micro-image
system applications and requirements,

16
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Figure 3. Basic PCMI System

The first step in the PCMI process is to convert the
original documents to standard 35-millimeter (sprocketed)
microfilm. This microfilm, typically a 10-to-1 reduc-
tion, becomes the input to the camera-recorder. Because
of the many considerations cited earlier, the properties
of the input microfilm are very important and require
close control and inspection before use in the camera-
recorder. If this is not done, not only will the image
quality of the system micro-images suffer, but the
microfilming step can quickly become the major source
of trouble in the PCMI process‘M .
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Since the optical density and resolution of the input micro-
film is very important, careful attention should be paid
to such things as focus, alignment of lenses for flat field,
light intensity, exposure time, development conditions,
and the time interval between exposure and developing.
The end objective, of course, is to obtain good image
quality” anda high degree of uniformity from frame-to-
frame and from reel-to-reel.

During the development phase of the PCMI process, it was
decided to utilize a commercial microfilm supplier.
Although several reasons for this decision were involved,
perhaps the most important reason was to investigate the
quality problems which would occur by using commercial
conditions. One-hundred-foot reels containing approxi-
mately 600 frames were processed and inspected by the
vendor. Resolution charts and step wedges were placed
at the beginning and end of each reel to assist ininspecting
the film against the desired specifications. Defective
frames were noted on retake sheets and reprocessed on
later reels. Upon delivery to NCR, the microfilm was
subjected to inspection again. (It is interesting to note
that, in spite of the vendor's previous inspection, many
additional quality defects were found by NCR incoming
inspection. ) Eventually, sufficient microfilm was spliced
together to record an entire micro-image photochromic

ter from a single reel. The reel was then carefully

stored for later use in the camera-recorder.
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There are good reasons for going through an intermediate
microfilming operation. The use of microfilm trans-
parency with an efficient optical system allows an intense
actinic image to appear on the final emulsion surface
permitting the achievement of relatively short exposure
times. Moreover, the associated off-line preparation,
collation, and inspection of the input material can be
looked upon as a definite system advantage in many

respects.

The second step in the PCMI process is to convert the
input microfilm into the final reduction micro-images on
a photochromic coating. Figure 4 is a view of the MK-I
camera-recorder especially designed and built for this
purpose by NCR % Operation of the camera-recorder
canbe either manual or semiautomatic; however, in either
operating mode, a trainedoperator is required to use the

equipment.

Micro-images are recorded upon the photochromic coating
in a step-and-repeat manner. Consecutive pages are
written in a horizontal line. The images can be either con-
tinuously inspected during the recording process, or the
camera-recorder can be placed in automatic operation
with inspection occurring at a later point in the process.
Before the contents of the photochromic film are printed
out, a thorough inspection is made to detect any errors
that have occurred. Errors are then corrected by erasing
the imperfect image and rewriting it on the photochromic

coating.
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Figure 4. NCR Model ED MK-I PCMI Camera-Recorder

The first major assignment for the PCMI camera-recorder
was to produce 30, 000 micro-image Allowance Parts Lists
(APL) for the Navy]2 . The format of the APL matrix is
72 columns by 35 rows placed on 1. 6-millimeter (1 /16 inch)
centers vertically and horizontally. Thus, a total of 2520
micro-images at 220-to-1 are easily contained on a 76 by

127-millimeter (3 by 5 inch) film transparency.

20




A full row of micro-images was exposed and then inspected
on the return cycle. The procedure of exposing a row,
stopping at the end of a row, inspecting on the way back,
and starting the next row is a routine but very monotonous
job. In practice, the operator inspects an image for about
half a second before pushing a button to move to the next
image. When print uniformity exists, the operator can
detect both faulty exposure and dirt particles larger than
one half the character height at the same time. A focus
inspection takes approximately 2 seconds and a page
number check requires 3 to 4 seconds. Character lines
blurred todouble their normal width are easily detectable
within the 0. 5-second inspection time because lines tend

to be blurred horizontally or vertically, but not both.

The second major assignment for the camera-recorder
was to produce two complete matrices of the Bible wia .
side by side, on the same photochromic coating. The
individual Bible formatwas 50 columns on 0. 8-millimeter
(1/32 inch) centers horizontally by 25 rows on 1.3-milli-
meter (1 /20 inch) centers vertically, resulting in a total
of 1250 micro-images (including five blank pages) on a

51 by 51-millimeter (2 by 2 inch) film chip.

The third step in the PCMIprocess is to convert the photo-
chromic master matrix to permanent micro-images by
contact printing onto a high-resolution photographic
emulsion. The result is a photographic micro-image
(PMI) master matrix which is then used to contact print
the micro-image disseminationtransparencies. Through-

out the contact printing and subsequent photographic

21




development processes, extreme care must be taken to
maintain strict controls on the processing conditions used.
For obvious reasons, cleanliness is very important, so
that clean room conditions are used wherever possible
when handling the photochromic coatings and high-resolu-

tion photographic emulsions.

Successful techniques for both manual and automatic
contact printing of large-area, high-resolution micro-
images have been developed by Carl Carlson and Frank
Scherr of NCR. A manual technique is used to contact
print the PMI masters while an automatic contact printer
is employed to prepare the dissemination copies when
more than just a few copies are required.

The high-resolution photographic film can also be pro-
cessed and developed either manually or automatically.
Small quantities of film were developed in-house in a
specially equipped combination clean-room dark-room.
For larger quantities, such as required in the micro-
image Bible program, 100-foot rolls of film were con-
tact printed and sent out for commercial processing in
automatic, high-speed equipment. Excellent results were
obtained by exercising very close liaison with the vendor,
and by mutually arriving at the final process conditions
and controls necessary to do the job.

In spite of the stringent demands on the contact printing
Process, yields are very good. For example, over 24
useable PMI masters can easily be prepared from the

same PCMImaster (and more can be prepared if required).
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Using the automatic contact printer, each PMI master is
capable of producing well over 2000 dissemination trans-
parencies “ at the rate of 10 copies per minute. This
means that, should the need arise, over 50,000 micro-
image dissemination copies can be prepared from the
original PCMI master, whichin turn representsa micro-
form publishing of 125 million pages. That these figures
are more than just optimistic extrapolations of laboratory
data is illustrated by the successful production of over
25,000 micro-image Bibles for use at the NCR Pavilion

at the 1964 New York World's Fair.

¥ are typical current

The following experimental results
capabilities of the PCMI process. Resolution of images
on the photochromic film were measured at approximately
1000 lines per millimeter with the limitation resulting
primarily from the optical system used in the MK-I
camera-recorder and not from the recording medium
used. Contact printing the PCMI master to the PMI
master resulted in 800 lines per millimeter on the PMI
master. Using the PMI master to contact print dissemi-
nation copies on high-resolution photographic film resulted
in 650 to 750 lines per millimeter on the dissemination
transparency. Fromthis data, itcanbe seen that a sizable
safety factor exists in the PCMI process, since the mini-
mum resolution normally required for usable high-reduc-
tion ratio micro-images is 500 lines per millimeter.

Experiments were also conducted which indicated that

contact printing further generations of micro-image copies




i
|

from dissemination copies would result in additional b
per cent loss in resolution for each succeeding generation

produced.

Although the PCMI techniques and equipment used to date
have provided very satisfactory result, we are confident
upon their analysis that they can be significantly improved
upon in the future. Higher performance and yields con-
currently achieved at over-all lower costs appear at this

time to be primarily a matter of applied engineering.

The fourth and final step in the PCMI process for pre-
paring micro-images is the application of a protective
coatingto the disseminationtransparency prior to placing
the transparency in circulation and use. The requirement
for protecting the dissemination copy is essential since
ordinary photographic film is easily scratched and
damaged in handling unless special protective coatings
are used. This is a common problem in the microfilm
industry “® and of course becomes potentially much more
serious as reduction ratios increase and the information

packing density becomes greater.

Early attempts to solve this problem consisted of applying
various organic polymer protective coatings to the dis-
semination transparency and was similar in principle to
techniques currently employed with microfilm *°. Although
partially successful, this approach was found to be ex-
pensive and to yield afinal product with considerably less
than optimum handling characteristics. A very effective,

and inexpensive solution to the problem was found by
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Eliot Stone * of NCR. The answer was to laminate the
dissemination transparency between two thin sheets of a
special plastic material. The final product can now be
readily handled, and fingerprints and dirt can be wiped
off without fear of damaging the film emulsion. Scratches
on the surface of the plastic coating cause very little
trouble in practice since they are out of the field of focus

at the reduction ratios used in the PCMI process.

With ordinary microfilm, copyright protection and the
prevention of counterfeit microform editions from origi-
nally disseminated microfilms is very difficult. However,
in the case of PCMI dissemination copies, overcoating
positively prevents a dissemination copy from being dupli-

cated by contact printing.

Within the framework of the basic PCMI system, the only
important equipment required to use micro-images is a
viewer. Since the literature on this subject = is very ex-
tensive, it contains much conflicting information. It has
only been within the past few years that most micro-image
viewer manufacturers have begun to realize that some-
thing more was needed than cheap equipment. There is
little question that the forward progress of the microfilm
industry has been somewhat impeded because of the
general unavailability of high quality viewers until very
recently. It has been false economy in the long run to
have sacrificed optical quality for the sake of cost.
Happily, the current trend in micro-image viewers is

definitely towards higher performance and better quality.

25




Unfortunately, the legacy of this earlier lack of attention
to viewer design and quality is an almost universal re-
sistance on the partof the user to the extension of micro-
image techniques into broader application areas. At the
present time, it is probably fair to saythat a large part of
the future success of microform systems is dependent
upon the formation of positive attitudes towards their

application by prospective users.

The viewer designed for use in the PCMI program had as a
primary design objective the achievement of high optical

quality images on the viewer screen, Figure 5 shows the

25964

Figure 5. NCR Model ED 200B Mic ro-image Viewer
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first micro-image viewer produced as a result of this

work and the general specifications are listed in Table 1.

TABLE 1. NCR MODEL ED 200B VIEWER
SPECIFICATIONS
CHARACTERISTIC SPECIFICATION

Screen Size

Screen Brightness

Transparency

Positioning Table

Controls

Resolution

Light Source

Cabinet

Dimensions
Weight

Power Requirements

11 by 11 inches

Sufficient for viewing in well-
lighted room (40 fl) 200 times

Manual drive for 35 rows and
75 columns; Vacuum transpar-
ency holder; 3 by 5 inch trans-
parency table; Row and column

position indicator

Row and column drive knobs;
manual focus adjustment; trans-
on-off

parency insert lever;

switch; lamp start switch

Sufficient for viewing 8-point
print
Zenon, 150 watts

27-1/4 inches high by 18 inches
wide by 29-1/2 inches deep
150 lbs

110 volts ac, 350 watts
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Additional design goals were simple mechanicalaccess to

the desired micro-image, and reliability of operation. A

great deal of experimentation and study of the human

factors involved in viewer use was also conducted and is

still continuing.

Comparison of the Model 200B viewer specifications and

operating characteristics against the humanfactors design

goals for micro-image viewers as listed by a recent
Battelle Institute study 7 shows the following.

The 200B provides for 40 foot-lamberts of illumi-
nation versusa suggested minimum requirement

of 25 foot-lamberts for the general readingtask.

The PCMI system utilizes positive (rather than
negative) images which coincides with Battelle's

recommendation for more comfortable sustained
viewing.

The 200B uses transparent (instead of opaque
films) as recommended by Battelle which simpli-

fies projection of the image.
The user of the 200B can easily assume various

comfortable seated positions while using the
reader.

The 200B provides full-screen viewing.

The 200B provides resolution on the screen
sufficient to resolve 8-point print ¥,
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e Image contrast of the 200B is greater than the

0.7 minimum recommended by Battelle.

e The 200B can be comfortably used in the ambient

light levels of an average well-lighted room.

e Loading and positioning of the micro-image

transparencyis simple on the 200B.

e Accessto the desired image is simple and rapid
with the 200B.

e The200B is notreadily portable as recommended
by Battelle; however, portable PCMI viewers have

been built and are described later in the paper.

From the preceding comparison, it is clear that the per-
formance of the Model 200B viewer more than meets the

original design objectives.

The final element used to complete a basic PCMI system
is a micro-image file. For example, if 3 by 5-inch micro-
image transparencies are used, it is possible to store one
million document pages in microform (at 200:1 reduction)
on less than 400 transparencies. This represents a stack
of films less than 6 inches high, and chances are, all that
will be required is a simple (manual) 3 by 5 file cabinet.
Since automatic retrieval equipment can be built to use
onlya few hundred transparencies, the system economics
in many cases will make such equipmentdifficult to justify
over the manual approach. In any event, each PCMI

application should be system-engineered for specific

requirements.




FUNCTIONAL EXPANSION OF PCMI SYSTEMS

Since the basic PCMI system is somewhat limited in
image processing capabilities, it is important to examine
how PCMI systems can be functionally expanded in order
to provide the broadest possible system flexibility for
solving different types of application problems. Typical
functions involved in image processing include the file-
maintenance procedures of data collection, sorting,
collating, purging, classification, indexing, and up-dating,
and the file-use procedures of dissemination, storage,
search, retrieval, viewing, copying, selective distribu-
tion, and display. In addition to providing PCMI systems
with functional flexibility, it is also important to consider
flexibility of format. The large variety of printed and
graphic material in use today dictates that no single for-

mat can be selected which would be suitable for all types
of application.

Since each image processing application will vary in file
size, the frequency of activity, the retrieval complexity of
search questions, and in requirements for human-file
interaction, there is no typical PCMI user or system.
Thus, the fundamental thesis for the balance of this dis-
cussion is that micro-image systems are defined by the
user needs, not by hardware. This is analogous to
describing a particular configuration of computer equip-
ment as a system. In a manner similar to computers,
a small number of PCMI building blocks (or modules) can

be used in different combinations to form a large number
of widely different systems,
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Returning to the basic PCMIsystem as shown in Figure 3,
it can be seen that we are primarily concerned with ex-
panding the functional capabilities of those elements of the
system required to use micro-images rather than those
elements involved in micro-image production. While each
prospective PCMI user should give serious consideration
to establishing an in-house primary microfilming
operation‘o , a preliminary analysis indicates very few
users would want to acquire a camera-recorder. The
majority of users would find it more economical to obtain
micro-images from a PCMI service bureau. Therefore,
let us examine what can be done to upgrade both the func-
tional specifications and the performance of the viewer

and the file.

The NCR Model ED 200B Viewer (refer to Tablel) is a
heavy-duty, manually-operated unit with no output capa-
bility other than visual display (blowback) on the screen.
In principle, a number of things can be done to the viewer,
either singly or in combination, to increase the screens
potential value to a PCMI system. Consider the following

examples.

e Provision for hard copy output of the image

shown on the screen.

e Provision for microfilm output of the image

shown on the screen.

e Automatic positioning of the micro-image trans-

parency to the desired image location.
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e Reduction of the physical size and weight of the
unit (to enhance portability).

Of very special significance for the broad dissemination
of micro-images would be the design of a portable, easy
to use, manually-operated viewer which could be manu-
factured in large quantities at very low cost and sold for
"home" use. Here the technical problems ek g are
admittedly formidable but are not currently considered
to be insurmountable in view of what has been learned to

date on the PCMI program.

As pointed out earlier, the manual PCMI storage file not
only is capable of large storage capacities but the file is
also very inexpensive. However, for some systems there
will be aneed to automate this file and this can be accomp-
lished in various ways. As one example 4 consider a
file drawer which serves as both the storage cabinet and
the means for selecting the desired micro-image trans-
parencies.

The transparencies are coded (usingany desired code) and
filed in the drawer in a random manner. Selection of the
desired card or group of cards is accomplished by using
a simple keyboard.

Some illustrations will now be givento demonstrate a few
of the variations possible with PCMI system configura-
tions. The manual PCMI system shown in Figure 6 has
both a manual file and a manual viewer. The viewer can
have an optional feature of either hard copy or microfilm

output. Starting from this relatively simple arrangement
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Figure 6. Manual PCMI System

of PCMI elements, various degrees of system automation
can be gradually built up on a modular basis. Figure 7
illustrates the combination of an automated viewer with
@ manual file whereas Figure 8 shows the reverse case

of an automated file used with a manual viewer.
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Figure 7. Automated Viewer PCMI System
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Figure 8. Automated File PCMI System

A fully-automated PCMI system is shown schematically
in Figure 9. In this case, both the viewer and the file are
automated and operation is controlled by means of either
a general-purpose or a special-purpose computer. In
principle, the computer is given a set of search para-
meters and is asked to provide the address locations of
the pertinent stored information. When a match is made,
the address of the micro-image is transmitted to the file
for automatic retrieval of the transparency and to the

viewer for automatic positioning to the desired image
location,

Because PCMI systems readily lend themselves to a
modular approach, the potential user can exercise con-
siderable freedom of choice in system component selec-
tion. The user is normally not hardware-limited and

can properly apply himself to the problem of designing
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Fully-Automated PCMI System

Figure 9.




the micro-image system around his needs. PCMI tech-
nology also provides the user with a fairly high degree of
continuous equipment compatibility as future system re-

quirements expand.

POTENTIAL APPLICATIONS OF MICRO-IMAGES

Applications for PCMI technology exists, but markets for

PCMI must be developed. That this statement is not

paradoxical canbe best explained by citing a few analogous
examples suchas xerography o | digital computers “, and
microfilm . Many other examples could be given but
these three are of particular interest because these ex-
amples represent technologies allied to PCMI and infor-
mation handling. In each case, as the references cited
document, it can be clearly seen in retrospect that appli-
cations did exist, but the markets for these applications
were badly under-estimated by industry. Eventually,
large markets were created which satisfied product needs
that simply couldnotbe economically or otherwise handled
with prior technologies. Once in limited use, product

demands were generated which eventually opened up their
own markets.

Applications of PCMI technology rarely lend themselves
to simple, unambiguous definition because of the high
degree of functional overlap normally found in the require-
ments for informationhandling. Nevertheless, the follow-
ing classification of PCMI applications, developed by
Sam Lebow and the author, has proved to be both useful

and instructive when considering PCMI systems.
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The first category is central files. Not all central file
applications, of course, are suitable for mechanization
by PCMI techniques. Therefore, central file require-
ments (characteristics) that would make it attractive to

PCMI are:
- Large storage capacity.

o Data impractical to store entirely by digital

stores.

- Rapid random access retrieval.

¢ On-demand output.

The second category is decentralized files. The file

requirements will be the same as that listed for central
files plusthe need to disseminate all or partof the master
file to remote locations. The third category is micro-
form publishing, and the fourth and final category is termed
special situations (an example would be the use of PCMI
technology to provide a miniaturized map-data viewer
aboard a manned space vehicle). All of the many specific
potential applications for PCMI technology which have
been considered to date can be assigned to one or more of
the categories just described and are summarized as

follows.

e Central File Large storage capacity

Data impractical to store
entirely by digital stores
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Rapid random access

retrieval
On-demand output

e Decentralized Same requirements as
Files Central Files plus need

to disseminate all or part

of the master file to re-

mote locations

. Microform
Publishing

e Special Situations

From an examination of the proceding summarized cate-
gories, it should be evident that PCMI technology can be
potentially applied to a wide variety of information pro-
cessing problems within the fields of information storage
and retrieval (ISR), microform publishing, libraries, and
for certain specialized military and space applications.
While a discussion of PCMI applications is beyond the
scope of this paper, a detailed treatment of the subject
has been completed by the author for early publication
as a companion paper. However, a section of the PCMI
applications paper dealing with military and space appli-
cations will be included here because it permits some

graphic examples to be given of PCMI capabilities.
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Military and space applications of micro-images will be
restricted for the purpose of this discussionto only those
problems requiringthe use of a compact, portable viewer
as anintegral part of their system solution. Development
of successful miniaturized micro-image viewers for
military and/or space programs could have valuable fall
out benefits on a variety of future commercial applications
of micro-images, especially microform publishing for
mass markets. Typical applications mightbe data viewers
for use aboard submarines, small ships, high-performance
military aircraft, manned orbiting satellites, and manned
space probes. Compression of size and /or weight is

important in all of the aforementioned examples.

Some idea of the enormous potential PCMI techniques
have to offer can be obtained by its comparison 'u‘15 Table
2 with a l6-millimeter microfilm space library cur-

rently being exhibited at the New York World's Fair. Of

TABLE 2. SPACE LIBRARY OF 2,500,000 PAGES

16 MM PCMI 220:1

CHARACTERISTIC | MICROFILM MICRO-IMAGES

Original Material | books, reports 2000 Bibles

etc.

Weight of original | 8000 lbs 3920 lbs

material *

Weight or reduced | 295 lbs 4.4 lbs

material
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course, tobe more meaningful, such a comparison should
also include the viewers available to use the microform
images. This cannot be done accurately on a one-to-one
basis sinceno quantitative data is available on the micro-
film viewer * usedat the Fair, and the NCR Model ED200B
Viewer described earlier (see Figure 5 and Table 1) is
plainly not suitable for space applications. However,
recent NCR research - on miniaturized viewers for
manned space flight applications canbe described to show

some of the progress that has been made so far.

As originally defined, the problem was to design a com-
pact, light weight, low-power micro-image viewer that
could be used aboard a manned space vehicle. The viewer
would have a self-contained, fixed reference file of up to
50, 000 pages of information, such as navigational charts,
planetary and sapcedata, and checkout, maintenance, and
emergency procedures. Rapid access to stored informa-
tion was also a desirable feature. Two miniaturized
viewers have been designed, built, and delivered on this
program to date. The NCR model ED MK-II Miniaturized
Micro-Image Viewer “ is shown in Figure 10 and the
specifications are given in Table 3.

While much more development work remains to be done
before a functionally satisfactory and military specifica-

tion viewer is available, the results achieved to date have

been extremely encouraging.
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Figure 10, NCR Model ED MK-II Miniaturized

Micro-image Viewer

A careful comparison of the viewer specifications as listed
in Table 3 readily suggest that much can be accomplished
by applied engineering to significantly improve the per-
formance specifications of commercial-type mic ro-image
viewers. This is certainly apparent in the parameters of

size and weight. Further, recent developments in the
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TABLE 3. NCR MODEL ED MK-II MINIATURIZED
MICRO-IMAGE VIEWER SPECIFICATIONS

CHARACTERISTIC SPECIFICATION
Screen Size 4 by 5 inches
Brightness Sufficient for viewing in

normal ambient lighting

Magnification 120 times
Transparency Manual row and column
Positioning drive; less than 5.5

seconds access time

per foot of film length

Controls Manual focus; on-off

switch

Resolution Sufficient for viewing 8

point print

Storage Media 35 mm film (non-

sprocketed)

Self-Contained 9600 images per footof

Storage Capacity film length; 25 images
per rowacross the film;
extendable in length to
20 feet of film equal to

192,000 images
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TABLE 3. (CONT)

CHARACTERISTIC SPECIFICATION

Light Source Tungsten, 7 volt, 15
watts

Cabinet Dimensions 2-1/8 inches high by 9-

1/2 inches wide by 11-
3/4 inches deep

Weight 51b 14 oz

commercial availability of low-cost microscope optics

may have an important influence on the ultimate cost of
commercial viewers. Thus, the prospects of having
compact micro-image viewers available in the near future
for both commerical and military space applications are

bright.

In 1945, Vannevar Bush presented the documentation field '

: 51 4y
with the concept of Memex . He envisioned Memex as a

possible future device comprising a sort of mechanized
Private file and library for individual use. Memex was to

be a desk-type unit equipped with a viewing screen and a

selection keyboard, Memex could store on film, at re-

ductions of 100-to-1 or better, a tremendous volume of

books, journals, newspapers, correspondence, notes,

and photographs. In addition, the unit would have an in-
dexing tool that would allow the user to locate the stored

material.
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The combination of the NCR micro-image techniques for
document storage, and interrogation units connected into
a central computer to provide indexing and search capa~-
bility, comes to achieving the original Memex concept.
Theoretically, at least, it is now possible for every user
to obtain every document in his field of interest in micro-
image form so that the document can be easily stored,
retrieved, displayed for viewing, and reproduced in en-

larged form as hard copy when desired.

SUMMARY

The most important characteristics which make PCMI

technology unique in its field can be summarized as follows.

e NCR photochromic coatings provide very-high

resolution with no grain.

e NCR photochromic coatings permit the storage
of images containing a wide range of gray scales
because the coatings are inherently low gamma

and grain-free.

e NCR photochromic coatings provide immediate

visibility of the image upon exposure.

® NCR photochromic coatings permit both erasing
and rewriting functions. This permits the power-
ful processes of editing, updating, inspection,

and error correction to be incorporated into PCMI
systems,
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e The PCMI process incorporates the ability to
effect a bulk-transfer readout of micro-images
with over a 200-to-1 reduction ratio by contact
printing, and can accomplish this on a mass

production basis.

e Use of high-resolution silver-halide emulsions
provides both permanency for the storage of
micro-images and economical dissemination of

duplicates.

e The very-high storage density of 100-to-1 to
200-to-1 micro-images offers the possibility of
using some form of manual retrieval techniques
for many applications. This eliminates the
normal requirement in systems of this size for

expensive and complex random access hardware.

The invention of the PCMI process by NCR scientists,
and its current availability for broad application, should
prove to be a most timely and important contribution to
the state-of-the-art of information processing. New
techniques and imaginative approaches to better handle
information are urgently needed. The following intrinsic

properties of PCMI appear to be attractive for this

Purpose.

e  Adaptability to unit media-type information

handling.
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. Fast, random access retrieval.

B Extension to very large capacity storage.
° Economical file dissemination,

B Economical file decentralization.

e On-demand output capability,

Admittedly, PCMI does not solve the intellectual problems
of how to classify and retrieve information; however, its
unusual combination of properties and inherent flexibility
does appear to offer some fascinating future opportunities

for truly creative system engineering.
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For a detailed account of the history of micropho-
tography, the following references are highly recom-
mended and contain extensive bibliographies on the

subject,

a) Luther, F., Microfilm - A History 1839-1900,
195 pp, The National Microfilm Association,
Annapolis, Md., Barre Publishing Co., Barre,
Mass., 1959

b) Stevens, G. W. W., '"Microphotography since
1839," Photographic J., 90B, 1950, p 150

c) Hawkins, R., Production of Micro-Forms, Vol-
ume 5, Part 1, The State of the Library Art,
edited by Ralph R. Shaw, 208 pp, The Rutgers
University Press, New Brunswick, New Jersey,

1960

Stevens, G.W.W., Microphotography: Photography
at Extreme Resolution, 326 pp, John Wiley and Sons
Inc., New York, 1957 (See especially Chapter 12,
Pp 232-277, "Document Microphotography. ")

Webster's New Collegiate Dictionary, G. & C. Mer-
riam Co., Publishers, Springfield, Mass., 1960

""New DOD Specifications for Microfilming: A Panel
(Discussion)" Francis R. Borden, Chairman, Pro-

ceedings 1962 Convention, Volume 12, National Mi-

crofilm Association, pp 82-90, Ed. by Vernon Tate,
NMA, Annapolis, Md., 1963
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10. "DOD Engineering Data MicroreproductionStandards
and Specifications, ' NMA Informational Monograph
No. 1, 151 pp, 1962 (available from the National
Microfilm Association, P.O. Box 386, Annapolis,
Md.)

11. The National MICRO-NEWS, Number 66, Official
Journal of The National Microfilm Association,
October 1963 (Entire issue devoted to the new NMA
Microfiche Standard Specification and the background
leading up to its adoption. )

12. In addition to the PCMI system of NCR, only two op-
erational micro-image systems have been announced
which utilize reduction ratios higher than 25-to-l.
The first system, Minicard!, was developed by
Eastman Kodak starting in 1954 for the Department
of Defense, and was first publicly demonstrated 17
November 1958. It employs micro-images at a re-
duction ratio of 60-to-1. Minicard is notonly a stor-
agemediumbutalsoa family of equipment ¥, namely,
the Camera, the Duplicator, the Sorter, and the Sel-
ector. Inalmostevery respect, Minicard represented
an extension in the state-of-the-art, e.g., high re-
duction ratio, unitized cards, high transport rates,
complex logical processing, and high densities of
coded data. However, the system's capabilities have
yet to be tested for general applications since the

equipment has not been made commercially available.
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133

14,

15,

16.

17.

18.

¢ 15

The second system, Walnut °, was developed by IBM
for the CIA and uses micro-images at a 35-to-1 re-
duction ratio. Development started in 1958 and the
first prototype was announced in July 1961. This

system is also not commercially available.

Tyler, A. W. etal, '"The Application of the Kodak
Minicard System to Problems of Documentation, "

American Documentation, 6, January 1955, pp 18-30

Kuipers, J.W. et al, "A Minicard System for Docu-
mentary Information," Ibid, 8, October 1957, pp
246-268

Bradshaw, P. D., "The Walput System: A Large
Capacity Document Storage and Retrieval System, "
Ibid, _l_g. July 1962, pp 270-275

Stevens, G.S.S., opus cited, pp 247-257

Lewis, C. M. and W, H. Offenhauser, Jr., Micro-
recording: Industrial and Library Applications, 456
pp, Interscience Publishers, Inc., New York, 1956,

Chapters IV through VII, pp 67-233

Hawkins, R., opus cited, especially the section,

"Quality Factors, ' pp 77-94
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19.

20.

21.

22.

23,

24,

25,

Rudd, R.G., "Some Factors Influencing the Quality
of Microfilm Images," Proc. National Microfilm
Association, Vol. 2, 1953, pp 44-58

Fromm, H.J., "The Quality of Microfilm Images, "
Ibid, Vol. 12, 1963, pp 175-182

Rubin, Jack, "An Historical Survey of Line Density
Approach to Exposure Control,' Reproduction Meth-
ods, 4, April 1964, pp 33-37, 59-60 (a highly infor-

mative, well written and illustrated article)

Verry, H.R., "Report of an Enquiry concerning Mi-

cro-photography, Part (ii) in the U.S.A.," U.N.E.
S§.C.0., 1951, p 13

Stevens, G.W. W, , opus cited, p 248

For a detailed discussion of the problem areas sur-
rounding the contact printing of high-reduction ratio

micro-images, see Stevens, G.W.W., opus cited,
Chapter 10 and pp 255-257

Willemin, M., ""Micro-Photography, " Brit. J. Phot.,
Vol. 12, p 152 (1865) (For other examples, see

Stevens, G.W.W., opus cited, pp 256-257.)

52




26.

27.

Ives, H.D., private communication

The

following references on photochromism have

been selected and annotated for the reader desiring

more detailed information on this subject.

a)

b)

Brown, Glenn H. and W. Shaw, '"Phototropism"

(Photochromism), Rev, Pure Applied Chem; 11,

2, 1961 (contains a literature review dating

from 1880 to 1959)

Lewis, Gilbert N. and David Lipkin, '"Reversible
Photochemical Processes in Rigid Media; The

Dissociation of Organic Molecules into Radicals

and Ions," Am. Chem. Soc. J., Vol 64, Dec-

(The first paper re-

ember 1942, pp 2801-2808
porting that some colorless organic compounds

form reversible colored modifications upon ex-

posure to ultraviolet light.)

References ¢ through i cite the pioneer work on

photochromic spiropyrans performed by the late

Y ehuda Hirshberg.

c)

Fisher, E. and Y. Hirshberg, "Formation of

Coloured Forms of Spirans by Low-Tem
Irradiation,” J. Chem. Soc. of London, Part 4,

perature

p 4522-4524

October -December 1952, p
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Carlson's paper! described the NCR research pro-
gram to build such a memory and it was from this

basic work that the PCMI process? was derived.

o) J. Phys. Chem., 66, December 1962, pp 2423~

2579 (contains 34 papers presented at an Inter-
national Symposium on Reversible Photochem-
ical Processes, heldat Durham, North Carolina,
16-18 April 1962)

References p and q were published last year and

propose further application areas for photochromic
compounds.

p) Dorion, G. and L. Weissbein, ''Photochrom-

ism, " Discovery, February 1963

q) "Triplet State May be Basis for Useful Photo-

chromics," Chem, and Eng. News, 3 June 1963,
pp 53-57

The final reference is a recent review article.

r) Hammond, G. S. and N. J. Turro, "Organic

Photochemistry, '' Science, Vol. 142, 20 Dec-
ember 1963, pp 1541-1553
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28.

29.

30.

31

32.

Brode, W. R., '"Chemical Spectroscopy,' Proc.
ASTM, Vol. 50, 1950, pp 513-560 (refer to p 550)

Berman, E., et al, '"Photochromic Spiropyrons. I.
The Effect of Substituents on the Rate of Ring Clo-
sure," J. Am. Chem. Soc., Vol. 81, Part 4, 5 Nov-
1959, pp 5605-5608

It is recommended that the DOD microfilm standards
cited in Reference 10 be used as a minimum guide to

establishing specifications for PCMI input microfilm.

Ty Abbott was the NCR Project Engineer responsible
for the development of this equipment and he was

materially assisted by Dave Ives, Carl Carlson, and

Ron Rondas.

Micro-image APL's were produced as a part of Navy
contract Nonr-3865(00). The APL document is a
Navy catalog form printed on a high-speed printer.
The paper measures 11-5/8 by 10 inches, whereas
the printed text occupies an area of 11-1/2 inches
by 8-1/2 inches. The printing is quite non-uniform
in density. The character height is approximately

0. 10 inch with fairly uniform stroke width.
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33.

34,

35.

36.

37.

The World No. 714 Bible page measured 6-1/2 by
9-1/4 inches with a printed area of 5-1/2 by 8-1/2
inches. The diagonal of the printed area is 10.1
inches. The microfilming of the Bible was done at
a reductionratio of 11-to-1, which would reduce this
diagonal to 0.92 inches. A further reduction in the
camera-recorder of 20-to-1 reduces this to 0.046
inch which will fit into the 0. 068-inch field diameter
of the objective with some tolerance left to be dis-
tributed through the system. The overall reduction
is 220-to-1. The text at this reduction is 0. 025 by
0. 039 inch, which in the matrix area of 0,031 by
0. 050 inch leaves a horizontal tolerance of +0,003
inch and a vertical tolerance of #0.005 inch. The
area on the film chip consumed by the text is 1.95
square inches (1-1/4 by 1-9/16 inches).

Carlson, C.O., Scherr, F,, private communication
Peiz, Gladys T., "Film Coatings--Do They Really

Protect Microfilm?', The National MICRO-NEWS,
No. 67, December 1963, pp 125-139

Stone, E,, private communication

The following recent references provides a compre-
hensive introduction to the historical background and

current status of micro-image viewers and viewer-
printers.
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a)

b)

c)

d)

e)

f)

g)

Born, Lester K,, "The Literature of Microre-

production, " Am, Doc., Vol. 3, No. 3, 1952,

pp 167-187

Steward, Jean, et al, Reading Devices for Mi-

cro-Images, Vol, 5, Part 2 of The State of the
Library Art, Ed. by Ralph R. Shaw, The Rut-
gers University Press, Rutgers, N.J., 1960

Clapp, Verner W., 'In Quest of an 'optical
grail', "' ALA Bulletin, February 1961, pp 164-
167

Walkup, L.E., etal, "The Design of Improved
Micro-Image Readers for Promoting the Utili-
zation of Micro-Images,' Vol. XI, Proc. 1962
Conv. NMA, 1962, pp 283-310

Chisholm, Robert A., "Microfilm Reader-Prin-

ters, ' Reproduction Methods, Vol 2, No. 4,

April 1962, pp 44-47

Ibid, Vol. 3, No. 4, April 1963, pp 36-41

Guide to Microreproduction Equipment, Ed. by

H. W. Ballon, National Microfilm Association,
Annapolis, Md., 1962, pp 99-225
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38.

39:

h) Hawken, Wm. R., Enlarged Prints from Library

Microforms: A Study of Processes, Equipment,

and Materials, 131 pp, American Library As-
sociation, Chicago, I1l., 1963

i) Boyett, D., "Microfilm Readers and Reader-
Printers," The National MICRO-NEWS, No. 68,
February 1964, pp 174-188

The 200B Viewer was developed as a partial fullfill-
ment of Contract Nonr 3528(00) with the U.S. Navy
Bureau of Supplies and Accounts (BUSANDA). Ty
Abbott was the NCR Project Engineer responsible

for the technical development of the Viewer.

There is a large amount of subjectiveness normally
encountered in the practical evaluation and analysis
of image quality. For example, during research on
the PCMI program it was found that using NBS reso-
lution test charts alone as a measure of imagequal-
ity obtainedat various stages of the process could be
highly misleading when compared against the litera-
ture and against various independent human observ-
ers. Image quality on the 200B viewer screen is an
example of this. The Battelle study ¥ states that a
resolution of at least seven lines per millimeter is
necessary for comfortable viewing. The report fur-
ther states that characters in the projected image
should be 10-point print with an acceptable size range
of 8- to 12-point print. The 200B achieves approxi-

mately three lines per millimeter resolution but it
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40.

can easily be used to read 8-point print, This sup-

ports the above argument that the evaluation ofimage

quality is not a simple task. For the reader inter-

ested in further information on this subject, the fol-

lowing excellent review articles are recommended.

a)

b)

c)

d)

Perrin, Fred H., "Methods of Appraising Photo-
graphic Systems. Partl, Historical Review;
Part II, Manipulation and Significance of the
Sine-Wave Response Function,' J. Soc. Motion
Picture and Television Engineers, Vol. 69,
March 1960, pp 151-156, and April 1960, pp
239-249

Smith, F. Dow, ''Optical Image Evaluation and

the Transfer Function,'' Applied Optics, Vol. 2
No. 4, April 1963, pp 335-350

Fouguet, Bernard H., "The NBS MicrocopyRes-
olution Test Chart, ' Proc. NMA Conv., 1963,

pp 67-81

Higgins, Geo. C., ''Methods for Engineering

Photographic Systems,'' Applied Optics, Vol. 3,

January 1964, pp 1-10

Luther, Fredrick, '""The Economics of Microfilming:

A Comparison Between Contracted Services and a

Do-It Yourself Program,' Proc. NMA Conv., 1961,

pp 33-40




41.

42.

43,

Randomatic TM3000, pushbutton card file, Rando-

matic Data Systems, Inc., Trenton, N.J.

Bixby, William E., '"Applications of Microxero-
graphic Techniques toInformationRecording," Proc.
NMA Conv., 1962, pp 229-247 (contains an account
of the earlydifficulties in selling the concept of xer-

ography)

Many accounts have appeared in the literature de-
scribing the early days of computer technology. In
virtually every case cited, industry drastically un-
derestimated the future market for computers. As
one example, compare the story of the founding and
early history of Engineering Research Associates
(later bought by Remington Rand) as told by Eng -

strom with the recent Fortune and Business Week

articles on computer.

a) Engstrom, Howard T., "Electronics and Docu-
mentation, '' American Documentation, Vol. 13,
January 1962, pp 119-122

b) "New Tool, New World," Business Week, 29
February 1962, pp 70-90 (Special Report on

Computers - -How they're Remaking Compa-
nies. ")

¢) Burck, Gilbert, "The Boundless Age of the Com-

puter,' Part 1, Fortune, Vol.LXIX ,March 1964,
p 101
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44,

d) ----, "On Line in Real Time," Part2, Ibid,
April 1964, p 141

e) Pfeiffer, John, "Machines That Man Can Talk
With, " Part 3, Ibid, May 1964, p 153

The following two references describe the history of
microfilm applications and also offer predictions for

future markets and uses.

a) Mayberry, R.E., '"Microfilm--A Means, Not
an End, " Proc. NMA Conv., 1962, pp 137-141

b) Taubes, Ernest P., '"Microfilm as a Systems
Tool,'"" The National MICRO-NEWS, No. 68,
February 1964, pp 151-169

Description of Recordak exhibit in the Kodak Pa-
vilion, News Bulletin of BEMA (Business Equipment

Manufacturer's Association), 30 March 1964, p 4

Note: The Bible was printed upon thin onion skin
paper whichis one-half the weight of regular or bond
paper. This explains the apparentdiscrepancy inthe
weights of the original documents since the overall

comparison is made on the same number of pages.

The Recordak exhibit has been inspected at the Fair
by NCR technical personnel familiar with micro-
image technology and no evidence was found to in-

dicate that the l6-millimeter viewer employed was
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48.

49.

50.

51;

significantly different than the Recordak Lodestar,
magazine loading film reader. The Lodestar viewer
is similar in exterior dimensions to the NCR Model
ED 200B viewer. Although it is not as heavy as the
200B, it is definitely not a portable unit.

"Electronics Division Delivers Miniature Map Data
" NCR-Editor, Vol. 4
No. 2, February 1964, p 1, (a house publication of

Viewer for Astronauts Use,

the NCR, Electronics Division, Hawthorne, Calif-

ornia)

Details of the Model MK-I miniaturized viewer are
not given since the MK-II is functionally much sup-
erior. However, much was gained from the testing
and evaluation of the MK-I Model and it may be of
interest to cite that itwas also a tungsten lamp view-

er and weighed only 3 pounds.

Scholastic Series Microscopes - Reference Manual,
Bausch & Lomb Incorporated, Rochester, N.Y.,
1964 (See especially models ESM100 (100X) and
STZ200 (50-200X) which represent a whole new ap-

proach to low-cost, high-quality precision optical
instruments. )

Bush, Vannevar, "As We May Think," Atlantic Mon-
thly, 1945, pp 101-108
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ROY T. MALONEY
Account Manager, PCM| Sales

Industrial Products Division

THE NATIONAL CASH REGISTER COMPANY
Hawthorne, Calif,

Area Code: 213 Phone: 757.5111

A UNIQUE APPROACH TO:

e INFORMATION STORAGE

e PUBLICATION

e DISSEMINATION

e RETRIEVAL




CARD Ne 3

.:

Thirty-two hundred pages . . . reduced 150 times
and stored on a 105 mm. by 148 mm. (4 inch by

6 inch) transparency. Both sides laminated for
ease of handling and protection of positive
images. Inexpensive dissemination copies pro-
vide information at point of use . . . dramatically
reduce present mailing and updating costs . . .
and provide a system tailored to your use.

Conveniently located PCMI Distribu-
tion Centers process microfilm input
. . . or hard copy. An NCR Camera-
Recorder produces a master matrix of
up to 3,200 images.

Automatic Contact Printer generates
dissemination copies . . . Quality con-

b o —

AR

trol and clean room facilities assure
optimum results.

Individual transparencies may then
be sent to all terminal locations for
use. This NCR Distribution Center
presently has a production capability
of 3 million transparencies per year.
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GENUINE FACTORY PARTS CATALOG SYSTEMS

® Low cost distribution
e Up-to-date information

e Minimum look-up time
e Little or no interfiling
e |Improved customer service

([l
T
i

EDUCATIONAL SYSTEMS

Programmed Learning For:

_.||",_,(_~;’r e P B e Elementary and high schools
a"”\\.,‘.’{_y ‘ K e Colleges and universities
IO B ; ® Vocational training
8)
=y ; o
> ”".- ® Technical training

Industrial training

ADJUNCT TO ON-LINE SYSTEMS

* Reduces mass-storage requirements
® Reduces communication costs

e Effectively increases computer
service capacity

e Reduces inquiry traffic

ADMINISTRATIVE

e Field communication policy and procedures

e Current operating data
Sales
Credit
Inventory
Price schedules

* Rapid random access to stored image data

Dramatically reduces present mailing and
updating costs

Handles alphanumeric, graphic or
photographic material

Retrieval and display of stored images
is simple and direct

Complete flexibility in systems design




MAGNETIC
TAPE
UNITS

* SAND CASTING
e POWDERED METAL

* MACHINING

MANUFACTURING SERVICES

N C

MX-1027-31

KEYBOARDS

READERS

PCMI

MICROFORM

SYSTEMS

PHOTOCONDUCTOR
DEVELOPMENT AND SALES

NCR's new Industrial Products
Division . . . now operating on a
world-wide basis . . . offering a wide
range of diversified products and

® ALPHANUMERIC
RECOGNITION

services . . . mechanical, electrical, ¢ ELECTRONIC CONTROL
and electronic . . . both current and AND TESTING
developmental . . . components,

sub-assemblies and complete com-

ponents . . . ready to serve the DEVELOPMENT SERVICES

varied requirements of govern-
ment, business, and industry.

INDUSTRIAL PRODUCTS DIVISION

DAYTON e NEW YORK e WASHINGTON © LOS ANGELES e TOKYO
AMSTERDAM e FRANKFORT e LONDON e MILAN e STOCKHOLM e PARIS
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INFORMA
STORAGE

by JOSEPH BECKER

Wihile most microfilin or micro-image applica-
tons now o use employ either silver halide or
diazo flm as the recording medinm, The Nu-
tional Cash Register Co. has annpunced o process callod
photochromics which also provides a practical means for
high-th'u,\il\ storage ot textual and gmphlc Images.

NCR photochromic coatings are similar to photographic
emulsions i appearance and other properties. They can be
coited ou the same type of surfaces as photographic emul-
stons and exhibit excellent resolution capabilities. The basic
principle heliind the photochromic process is the ability
of individual molecules in the coating to switch altemately
trom a colored to a colorless state. The materials switeh
when subjected to near ultraviolet radiation and back to
the colorless stute when sihjected either to heat or visible
light. The concept of PN is o fresh idea in the field of
information stovage and retrieval, The PCMI process is
now out of the liboratory and available from NCR for spe-
cinl applications on a contriact basis,

brief history of micro-images

I 1839, Johin Benjamin Dancer, an Englishman, coupled
photography with microscopy for the first time to produce
microphotographs of a page of text, He emploved the Da-
guencotype  photographic  process in his  experiments.
Twenty vears later. Siv David Brewster further disclosed
how mivrophotographs conld be concealed in small places
like anink blot, The German Army, in World \War LI, adopt-
ed this principle in a technigue called “microdot.™ 1t téans-
mitted dnlormation to its agents by hiding microphoto-
graphs of sceret messages in the punctuation marks con-
tainedd in book print,

The French government, during the Franco-Prissian
War, used microphotography to communicate dispatches
fto Paris when the city was under siege. As many as 3.000
messages could be photographed and rechiced on one col-
lodian plate, A surface laver called a “pellicle” was then
pecled from the plate as a thin film. This lightweight film
was folled into a saroll, slipped into a quill, and attached
o 4 pigeon’s tail feather. When the pigeon reached Paris,
the film was recovered from the quill. projected, and the
messages copicd by hand. “Pigeon Post™ was the forerun-
ner of the familiae V-amail process emploved by the ULS, in
\Waorld War I1

Microfilig is the priticipal method known to man for
comuprossing griaphic and textual data without alteration
of fdormation content. Libraries use it extensively for
space reduction of archival files of newspapers, periodicals,
andd baoks: Lo addition to compacting passive files, industry
and government are using microfihin more and more as the
kevstone of active wid dyviconic information systems, As
long as information can be stored more densely on micro-
film tha on magnetic tape, microphotography will be an
attrctive ad important medinm for micro-recording print-
ed and waphical data.

Dulivered ot the 1964 BEMA conierence in Los Angeles, this poper op-
pears through the courtesy of the Library Technology Project, American
Library Asin,

32

micro-images

properties of other film recording media

Silver-Ialide s the most popular photo-recording me-
dium. It is fast, grainy, exposed with white light. and de-
velaped wet, It s used widely In the home and tor com-
mercial purposes. Diazo film was introduced many vears
ago. It consists of a Mylar base couted with o phatosen-
sitive dye. Tt is slower than silver, exposed with ultravio-
let light, and developed by ammonia vapor. Ultra violet
light disintegyates portions of the dyve componnds and am-
monia vapor brings out the remaining dyve in the coating,
Since the dve imbeds itsell in the film, the mtelligence at
once becomes visible o the homan eve. More recently
another recording mediom was introduced, called Kalear.
In the Kalvar process a plastic film is coated with micro-
scopic gas bubbles. On exposure. the bubbles are excited
by an ultraviolet light source. The film is developed dry by
heating it at a temperature equivalent to that of a warm
iron. Heat caused the excited bubbles ta biest and form
light scattering centers. The unaffecred coating that re-
mains on the surface provides the intelligence for the
picture.

Dinzo and Kalvar are quick, dry, and olfer acceptible
resalution characteristies for most applications. That hoth
processes are dry gives them an important advantage over
the silver-halide familv of films which still require chew-
ical developrent and fixing.

Silver-halide, diazo and kalvar flm are used in many
different forms. Microfilm images can be rolled into spools,
cut up into strips and inserted i jackets, contained on
sheets of film called microfiche, or scoteh taped into the
window of an aperture card. These are transhucent forns,
The results of microfilming can also be applied to opague
forms. Images can be contact printed onto microcards, o
contuct printed onto adhesive-hacked strips knn\}'p. AS -
erotape; or projected and burned into a multilith piate
for offset runs onto paper called microprind.

All of the forms described above require a viewer to
help the user inspect and use selected micro-images. Some

An independent dp and library
consultant, Mr. Becker is also
o lecturer on automation at the
Catholic Univ. of America in
Washington, D.C. He is co-
author, with Robert M. Hayes,
of “Introduction to Information
Storage and Retrieval,” Wiley
& Sons, 1963. He holds a bach-
elors in aeronautical engineer-
ing at Polytechnic Institute of
Brooklyn, and an MS in library
science at Catholic Univ.
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of these viewers are combination printers, permitting a user
to make a paper enlargement (i.e., hard copy) on the spot
after selecting his micro-image. When microfilm is com-
bined with xerography, entire paper files can be recreated
from the film automatically at high production speeds.
Further, several sophisticated devices have been manu-
factured to facilitate the automatic retrieval of microimages
from a large file.

description of the pemi process

Photochromics derived from NCR's chemical research
in the fields of encapsulation and dye chemistry. NCR
photochromic materials are light-sensitive organic dyes.
The dyes can be placed as a molecular dispersion in suitable
coatings and applied to almost any surface. With photo-
chromics, the molecular coating can be exposed with ul-
traviolet radiation and erased with white light. It is this re-
versible characteristic that gives PCM1 a powerful advan-
tage in film technology. It is grain free, thus permitting the
recording of very high density micro-images. It also exhib-
its excellent gray scale characteristics which facilitates the
recording of both textual and graphic information in the
same medium, The reversible feature enables inspection,
error detection and correction, and at the same time pro-
vides a method for adding and subtracting information,
Photochromics brings to film technology some of the same
power that magnetic recording brought to computer tech-
nology.

High-density microrecording is feasible with PCMI1 at
linear reductions of 200 to 1, representing an area re-
duction of 40,000 to 1. One limitation of the photochro-
mic coating is its semi-permanency. PCMI coatings are
sensitive to ambient temperature. Coatings kept at lower
temperatures have a longer life than others, Room temper-
ature image life is normally measured in minutes or hours,
whereas a drop of 30 to 40 degrees will rapidly extend this
life to months.

As a general rule microform systems require exacting
quality controls at all stages of processing—in the optics
at the time of filming, in the storage medium, and in sub-
sequent stages of film duplication.

In the PCMI process the user's original documents are
first photographed under strict quality control conditions
to conventional 35 mm (sprocketed) microfilm. Computer
output generated on 35 mm microfilm using an SC 4020
can also be made compatible as input to the PCMI proc-
ess. A machine, called a Camera Recorder, then accepts
the 35 mm microfilm as its input. Ultraviolet light is pro-
jected throngh each microfilm frame to a glass plate coated
with the photochromic emulsion. The optical train be-
tween the film and the plate produces the desired reduction
ratio by focusing the image on a controlled coordinate lo-
cation on the glass plate. After each exposure, the image
becomes immediately visible for inspection. Thereafter, in
a step and repeat fashion, successive images can be exposed
one at a time, or automatically until an entire matrix is pro-
duced. Inspecting for errors is done a frame at a time, or
by backspacing the exposed matrix. When an imperfect
image is detected, light in the appropriate erasing wave-
band erases the image and the ultraviolet projection is
repeated.

After exposure, the photochromic plate is contact
printed on a second plate coated with a high-resolution sil-
ver-halide emulsion; a bulk transfer of the images in the
matrix occurs, The latter plate is used as a master to pro-
duce subsequent transparency copies after appropriate
chemical development and fixing. Finally, the copies are
laminated between two protective plastic sheets.

Copy resolution achieved with PCMI is above normally
accepted standards for viewing and enlarging. Contact
printing to film on a mass production basis of large quan-
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tities of high reduction ratio micro-images on a single sub-
strate is unique with PCMI.

A reduction ratio of 200 to 1 allows for the storage of
2,500 pages on one 3x5 transparency, Four hundred 3x5
transparencies, representing a file of 1,000,000 pages, oc-
cupies only six linear inches. A shoebox file of transparen-
cies can therefore hold as many as 3,000,000 images!

At present, the PCMI process to produce micro-images
is available at NCR to customers on a service bureau basis.
Production cost for a single 3x5 photographic master plate
is estimated to be $250. The cost of subsequent dissemi-
nation transparency copies, produced by contact printing,
ranges from $.50 to $1 each depending on quantity. High
density micro-images can, therefore, be mass produced with
unprecedented economy. At the rate of 50 pages per penny
the concept for disseminating whole libraries of information
grows extremely appealing. A relatively low-cost high-per-
formance viewer has also been developed to the pre-pro-
duction prototype stage to facilitate the retrieval and utili-
zation of the micro-images.

Apart from the revolutionary advance which PCMI
brings to film technology, it also introduces a new dimen-
sion into information processing system design. Its principal
advantage rests with the ability to mass produce micro-
image dissemination files economically. Thus far, document
retrieval systems have tended in the direction of providing
a central store of images that conld be placed on-line with
users through remote consoles. Though technically feasi-
ble, such schemes have been uniformly thwarted by pro-
hibitive cost. PCMI, for the first time, makes the decen-
tralized file concept appear as an attractive alternative. For
example, unique special collections in the library of one
country could be filmed and the resultant micro-images
disseminated to other repositories all over the world. A
similar idea would be applicable to industry and govern-
ment where decentralized operations rely heavily on the
ability to possess the same information in the field as is
available at headquarters. Since micro-image files can be
produced so inexpensively, it is also conceivable that entire
libraries may eventually be available for home use as well,

The ultimate success of a micro-image dissemination
system will rest with the user. Since he is the one who
must handle and view the film product, his attitude toward
the system is important. His acceptance will hinge on how
“comfortable” he feels with film as a reference medium.
Accordingly, studies have been made of his habits, and a
great deal of experimentation has been conducted with
viewer equipment. Design goals for a PCMI viewer include
high optical quality, eight-point print resolution on the
screen, simple mechanical access to the desired image, easy
loading and unloading, portability, and hard copy printout
capability. If such a viewer is eventually to be sold for
home use, it will also need to be manufactured in quantity
at low cost.

In summary, PCMI represents a unigque capability in the
field of information storage and retrieval. While the level
of this technical development is high, its principal areas
of potential application remain to be explored. It does,
however, appear destined to have an impact on microfilm
publishing methods associated with the mass production of
a plurality of images for dissemination purposes.
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