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Over the past decade, we have seen a tremendous increase in the use-of computer-based
systems to create, maintain, and access records of the federal government. Commensurate
with this has been the response.of the producers and developers of information systems
equipment and software to provide new methods of storing and mampulatmg electronic
records. One of these technologies is the capture and use of digital images or "electronic
photographs” of documents. Since digital images comprise extraordinarily large volumes of
digital data, another development drawing significant interest is the evolution of optical
storage media that can provide compact storage for the massive capacities required by digital
imaging systems.

Government agencies and private sector enterprises have been quick to recognize the
. potential of systems exploiting these technologles to manage large numbers of records
; effectively and efficiently where indexed access is a prime consideration.

In February 1984, the-National Archives undertook the Optical Digital Image Storage System
project, a research pilot to test and evaluate the feasibility, costs, and benefits of using digital
) imaging technology in support of archival programs. In the following five years, a team from
/ our technology assessment unit, the Archival Research and Evaluation Staff, and our major
: records custodial office, the Office-of the National Archives, developed specifications for,

procured, and ran a large-scale pilot production facility that was used to capture and test a

representative sample comprising a quarter million documents from the Civil War era.

This report documents all project activities. over the five-year period including preparatory
work leading to the uadertaking of the pilot and details of the actual system operations. A
number of analyses are presented comparing the prospective use of such a system compared
to the current methods employed by the National Archives. For those readers unfamiliar
with digital imaging or optical disk technologies, the report includes a monograph which
provides a basic introduction to them.

By releasing this report to the public, the National Archives invites an exchange of views
with the archival community and related professions on the implications of these
technologies. We look forward to your comments on the report and the opportunity {o further
explore the potential of their application in archival administration.
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PREFACE

The Optical Digital Image Storage System Project Report is the culmination of a five-year
effort. In 1984, the Archivist of the United States approved the undertaking of a pilot project
to research and test the application of digital imaging and optical disk technologies to
archival programs. During the course of the project, a digital image capture and retrieval
system was designed and procured, and experimentation with the processing of a broad
sample of archival documents was conducted.

This report consists of six chapters and nine appendices. Chapter 1 is a management
summary which places the overall contents of the report in an archival context. It also
presents the goals and objectives of the project and summarizes the conclusions. The
remainder of the report provides detail on the technology and its application to archival
programs.

Chapter 2 traces the chronology of the project from its conception through the acquisition of
the pilot system used in the test. Chapter 3 discusses current archival programs for
preservation and reference service at the National Archives so that readers can understand
the context in which application of automated digital image systems could occur.

Chapter 4 provides brief descriptions of the equipment acquired for the ODISS pilot system.
Full detail of the system and its operation is provided in Appendix B. Chapter 5 presents the
ODISS operational test plan which was the "blueprint" by which the project testing was

conducted. Chapter 6 describes in detail the actual project testing and presents the technical
findings.

Appendix A provides an overview of digital imaging and optical disk technologies for the
reader who is new to the subject. Appendix B describes the ODISS subsystems and their
operation in considerable delail. Appendix C summarizes the system quantitative and
performance data compiled during ODISS testing. Appendix D presents a cost analysis which
compares various document conversion options based upon a generic model.

Appendix E lists the data collection forms which were used during testing phase of the project
and which are referenced in the text of Chapter 6. Appendix F presents implementation
considerations in undertaking the ODISS project and setting up the research system.
Appendix G describes the National A.:chives’ current use of micrographics technology.
Appendix H contains photographs of the various ODISS workstations. Appendix I contains
a glossary of technical terms.
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1 ARCHIVAL MANAGEMENT ANI? TECHNOLOGY SUMMARY
1.1 Project Origin

In February 1984, the National Archives issued-A Study of Alternatives for the Preservation
and Reference Handling of the Pension, Bounty-Land, and Compiled Military Service Records
in the National Archives, which-recommended conversion of those Loldings to digital images
stored on optical disks with an automated, indexed retrieval system. Later in 1984, the
National Archives issued Technology Assessment Report: Speech Pattern Recognition, Optical
Character Recognition, Digital Raster Scarning, which recommended that the National
Arckives evaluate the feasibility of using digital imaging and optical disk storage
technologies. Six months later, the Archivist of the United States formally approved a
research test called the Optical Digital Image Storage System, otherwise known as
ODISS.

1.1.1 Goals

The Archival Research and Evaluation Staff undertook the ODISS project to demonstrate and
evaluate the feasibility of digital imaging, optical disk storage, and computer retrieval
technologies as alternative conversion, storage, and retrieval technologies for the National
Archives. Among the goals of the project were the following:

% To establish the feasibility, costs, and benefits of converting paper and microform
documents to optical digital media and to assess document input speeds required to
accomplish conversion in an operational environment

## To determine the optimal scanning density for documents consistent with prodiicing
legible images while minimizing storage requirements

#  To assess the storage capacity of the system and media in terms of storage cost and
efficiency

7t To evaluate system capability to automatically retrieve stored optical images using
electro-mechanical devices

To determine the suitability of creating printed document images from digital data

To determine staff and public reaction to and acceptance of an image retrieval
system as opposed to the paper and microfilm currently used for reference

1.1.2 Test Sample

A key consideration in designing the ODISS project was the selection of archival material to
be used in the test. Satisfying the project goals listed above led to the following criteria.

% The archival records converted in the ODISS project should exist in bo'h paper and
microfilm in order to compare digital and micrographic conversion technclogies.

% The archival records should be representative of general document types and
characteristics of other bodies of records in order to generalize about the feasibility
of digital imaging technology.




# The archival records should be faixly active in order to evaluate staff and public
reactions to image legibility and system retrieval performance.

ft The archival records should be of reasonable volume in order to complete the
conversion within approximately six months.

Based upon these criteria, the Tennessee Confederate Compiled Military Service Records
(CMSR) were selected. These records exist in paper and microfilm, the latter having been
filmed in the late 1960’s."! The Tennessee CMSR, which total about 400 cubic feet, are a
relatively small portion of 2 larger body of compiled military records which total 30,000 cubic
feet. A GSA survey of the CMSR in 1983 estimated that the average CMSR file contains 15
page images.

Because the Tennessee CMSR are representative only of other comparable CMSR, pension,
and bounty land records, the experience with their conversion cannot be used to generalize
with great confidence about the feasibility of using digital imaging technology to convert
other archival holdings whose attributes might differ substantially. Using the results of a
1985 preservation holdings survey, test documents were selected that were considered
representative "problem" document types with poor quality images. These tests, frequently
referred to in this report as ad hoc tests, were intended to provide a reasonable basis for
extrapolating ODISS findings to National Archives’ holdings in general.

Having an optical digital image storage system test facility offered a numbe of advantages,
including the possibility of using state-of-the-art technology at a fraction of the cost of 2 full
production system. Nonetheless, as with any other test project, it was ine ritable that the
specific hardware and suftware environment in which the test was condu<ted would have
limitations. Therefore, this report distinguishes between general capabilities « f optical digital
image technology for capture, storage, and retrieval; the specific capabilities of the ODISS
hardware and software configuration; and the tuols for production management discovered
during the Tennessee CMSR conversion.

1.2 Technology Summary

The key technologies involved in the ODISS Project are digital imaging, optical storage, and
computer retrieval of document images.

1.2,1 Digital Imaging

Digital imaging is an electronic process whereby an image of a documec.id is captured. It
involves scanning devices which measure reflected light from document pages <& convert
the measurements into digital information. Typically, scanners can capture images at 200,
300, and 400 pixels or dots per inch. A pixel, or picture element, is a discrete point on a
document whose lightness or darkness is sensed by the scanning equipment. ":2age sharpness
usually is improved as the number of pixels per inch is increased. (For a more detailed

m Filming of the Tennessee CMSR was done by a contractor in the lute 1960’s. Apparevtly, the filming was

not done in accordance with existing standards at the time, vhich resulted in poor quality film images.
Since images captured from degraded microfilm c.ald not be expected to compare adequately with those
captured from original paper documents, several controlled tests using current microfilm technology were
utilized. See Chapter 5 of this report for a discussion of the test plan.
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explanation of pixels and digital imaging technology in genaral, see the Adiscussion in

Appendix A.) Digital imaging technology also involves the use o "enhancement algorithms"”

to i improve the legibility of images. Image enhancement is particularly useful in cleamng
up" stains or intensifying poor resolution page images to make them more legible.”

1.2.2 Optical Disk

Optical disk storage technology involves recording informatic:. at « s«.r.civ high storage
densities.”! This recordmg technology employs optical lenses t5 . 3 a :.5p. beam down
to an area measuring several microns.”! The on and off state of the 1.4s..« ceam represents
the stream of pixel elements (ones and zeros) in a scanned page image. W .:en the lasex beam
is on, it physically alters the data-sensitive area of a specially fabricas.d dick. When the
laser beam is off, no change occurs in the data-sensitive area. In on< ¢ djOI‘ category of
optical disk technology, the resulting physical alteration is not erasahi.. «i.ich ma¥es it a
much more desirable archival storage medium than magnetic media. 'I'ais non-zrasable
featu»'e] has given rise to the term "WORM" disk, which means write once, read many
times.®

1.2.3 Computer Retricval

The computer retrieval technology employed in the ODISS project uses index information
stored on a magnetic disk to conduct searches for files that mevt user-specifiec. criteria. The
index information on individuals documented in the CMSR files is iinked tn digital page
images stored on optical disks. When a search of the index verifies that a file on an
individual exis!s, the page images on optical disks can be retrieved for display or printing.

1.3 Archives and Management Issues

1.3.1 Background

The primary mission of the National Archives is to preserve the permanently valuable
records of the federal government and to make these records available to users. Achievement
of this archival mission, of course, must be carried out in a cost-effective manner.
Consequently, this section identifies critical archives and management issues and within this
context discusses major findings of the ODISS Project.

The permanently valuable records of the federal government now in the National Archives
comprise about 1.6 million cubic feet, the vast majority (an estimated three billion pages) of
which are paper-based. Over the years, the National Archives has performed large-scale

2 Pechnical aspects of image enhancement are discussed in Appendix A, while archival considerations are

noted later in Section 1.3.2.4. Image enhancement also is defined in the Glossary in Appendix 1.
B Two.sided 12-inch optical disks are available today that can store 4.8 gigabytes of information. It would

take approximately 27 reels of standard half-inch tape written at a density of 6250 bpi to store the same
information.

U1 A micron is one millionth of a meter, or one thousandth of a millimeter.

1 See Appendix A and the Glossary in Appendix I for more detailed explanations,
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document conversion (usually with cicroform technology) in order to limit physical hardling
of original paper documents, to reduce storage -pace requirements, or to distribute re~ords
to-multiple sites. Of thesc threc objectives of tae National Archives’-document conversion
program, the limitation of physical handling is clearly rocvted in the National Archives’
archival preservation mission. Thereforc, any evaluation of a -documeunt conversion
technology must ti-ke into account the preservation aspeci of archival management.

Both the International Council oen Archives and the National Archives have identified the
primary archival requirements for a document conversion program, which encompasses
preparation of the documents for conversion, the actual conversion process itself, the utility
of the converted images, and the stability of the new storage rzedium. Thus, for the
purposes cf this summary, these & hival requirements for a document conservation program
form a significant part of the ci.nfext in which the fin liugs of the ODISS preject are
presented.

As noted earlicr, a primary mission of the National Archives is to make records from its
hcidings available to users. This implies, of course, the existence of an information retrieval
capability which facilitates the identification and retrieval of records. The primary tool that
archivists and researchers use is a finding aid, which typically describes records at the series
level.” Critical archives access issues ‘or evaluating automated fnding aids are speed and
relevance of retrieval, simplicity of the user system interface, enhanced retrieval capability,
and decentralized distribution. These archival access issues and their ‘mplications for the
ODBISS preject comprise the second set of the archival requirements discussed in this
summary.

Few archival institutions, particularly the National Archives of the United States, have
unlimited funds. Sound archival management, tl.erefore, requires that the mission of the
National Archives be carried out in a cost-effective manner The key cost-benefit issues for
document conversion and access technologies are document ...roughput, space reduction, and
.mproved staff access to and retrieval of relevant documents for researchers, and retirement
of originals from active use and into an environmentally stable storage area. Accordingly,
the third major section of this summary cxamines cost-benefit aspects of the ODISS project
within the context of archival management concerns.

1.3.2 Document Conversion Issues
1.3.2.1 Document Preparativn
As noted earlier, document prep..ation considerations are part of the archival context of

document conversion. Document preparation at the National Archives includes flattening
folded papers, removing fasteners such as staples and pape1 Jliss, and corrvecting misfiliags

®1 " Frank B. Evans, The Selection and Preparation Of Records For Publication On Microfilm, Staff

Information Paper 19 (National Archives and Records Service, 1970), and Aibert H. Leisinger, Jr.,
Microphotography For Archives, (International Council on Archives, 1968).
" Some finding aids provide descriptions at the item or case file level. Generally, these finding aids were
created by the orgamization that produced the records. The finding aid for the CMSR records used in this
test describes the records at the case file level.
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so that documents are arranged in the correct order. Fragile documents or those with special
sproblems require special handling.

The basic document preparation issues confronting the ODISS project were whether standard
document preparation practices could be used, what-special provisions were necessary for

preparing fragile documents for scanning, and what impact these provisions had on the
document preparation activities.

Preparation of the Tennessee Confederate CMSR records for digiial scanning generally
involved files on individual soldiers. Documents were removed fron. their envelopes or
jackets and placed in new folders. The documents were rearranged so that jackets were first,
followed by standard size regimental cards, and any other documents. Usually, where there

were other documents in the file, they tended to be tri-folded and had to be unfolded and
flattened.

The standard document preparation standards and procedures used in document conversion
(microfilming or electrostatic copying) required minor modification. Because the high speed
scanner could scan both sides in one pass, plastic clips were placed on two-sided documents
to alert the operator. Where possible, documents after the cards were arranged by size from
smaller to larger. Of greater importance, however, was the placement of fragile documents
in polyester sleeves to facilitate high speed scanning. Experimes.ts were conducted to test
clear polyester folders sealed on one edge, two adjacent edges, twc opposite edges, and three
edges. Static electricity in polyester sleeves sealed either on two opposite sides or on three
sides made it difficult and time-consuming to insert a document. This was not the case with
folders sealed only on one side. Nevertheless, the use of polyester sleeves did not impede the
staff in maintaining their standard production rate.

CONCLUSION. Except.for the insertion of fragile documents into polyester sleeves
and rearrangemént of d~cuments by size, standard document preparation procedures
can be uséd for digital 1nage. scanmng Neither rearrangement of documents by
size or inserting documents into polyester sleeves significantly affected document
preparation produétion rates.for the Tennessee Confederate CMSR, although they
might for other lioldings where there are substantial numbers of fraglle documents.

1.3.2.2 Image Capture

A basic requirement of archival image capture is that it should not damage or otherwise
cause any deterioration tc tho documents being copied, particularly fragile documents.
Undamaged original documents are necessary for 100 percent visual comparability of
originals to copied images. In addition, it is absolutely imperative that image capture should
cause no damage to documents of intrinsic value.

Although the actual process of electrostatic copying and mlcroﬁlmmg generally causes no
damage to docments, the pohcy of the National Archives is to avoid the use of a mechanical
paper transport because of the potential for damage.™ Fragile decuments and intrinsically

B A mechanical paper trensport is used in microfilming «nly in the case of heavy card stock which is not

likely to be damaged.




valuable documents are individually pos1honed and filmed under a glass platen. Of course,
special handling for these decuments results in a substantial reduction in production.””

Neither the:actual digital image scanning process nor the mechanical paper transport of the
‘high speed scanner-caused any damage to documents. The paper transport was flexible
enough to allow for a variety of document types and conditions. An air vacuum held
documents flat against transport belts as the belts passed under the scanner. When the
vacuum was released, documents gently dropped down into a hopper. Fragile documents
were placed inside polyester sleeves which were fed into the high speed scanner and scanned
with no difficulty. Paper transports for electrostatic copiers typically cannot handle thick
material like polyester sleeves. Although polyester sleeves could be used with a vacuum belt
paper transport for a high speed microfilm camera, the high reflectance of the polyester film
would cause severe image problems."”

CONCLUSION The ODISS mechamcal paper transport caused no damage or
deterioration to any of the Tennessee Confederate CMSR records. The high.speed

scanner processed with no- difficulty. fragile documents placed inside polyester
sleeves

A second archival consideration for image capture is that it should allow for image
replacement in order to correct any problems, such as images missed in the scanning process
or images of unacceptable quality. In electrostatic copying and microfilming such problems
usually are identified in a quality control review that occurs some time after conversion. This
is particularly true for microfilm because of the chemical processing required before images
are readable. In a narrow sense, neither electrostatic copying nor microfilming provides
replacement flexibility. However, in a broader sense they do, because missing documents
or defective images can be recopied or refilmed. Replacement with electrostatic copying
involves manually removing the inadequate image and inserting the recopied one. For
microfilm, splices can be used to replace missing or inadequate images, but this is both
cumbersome and inefficient.

Because digitally scanned images consist of electronic pulses (until written to an optical disk),
replacement is easy and efficient. Electronic images can be erased or moved with ease, and
they can be inserted into a file wherever this is necessary. Although the dynamic nature of
digital image scanning permits image correction on the fly, higher scanning throughput rates
can be achieved only if this is done during quality control, as it is typically done with
electrostatic copying and microfilming. Once the images are written onto optical disks, the
write-once nature of the media requires that any replacement images be placed on unused
portions of the disks. The images being replaced cannot be physically erased from the disks,
but are "logically discarded” by changing the optical media’s storage index (which is kept on

1 The praduction rate of microfilm camera operators for documents requiring special handling is 875 pages

per day compared to 3331 images requiring no special handling.
(10) " The combination of intensa light of microfilming systems and the inherently high reflectivity index of

polyester material accentuate the polyester film’s glare and reflection characteristics. This usually results
in low image contrast.




modifiable magnetic storage) so that from then on it will effect retrieval of the replacement
images rather than the discarded images.

Even if-a problem should occur with an optical disk, there still would be no need to rescan
the documents. Data contained on the security backup disk could be copied to a new.optical
disk with no loss. This procedure is similar to NARA’s current preservation practice of
periodically recopying magnetic tapes containing electronic records.

CONCLUSION.. Replacement of digitally scanned images-is likely to be easier-and
more efficient than that of electrostatic copying or microfilming. Security backup
optical disks can be used to create new and perfect copies without the need to rescan
documents.

1.3.2.3 Image Utility

A third archival consideration for image capture is image utility. Image utility may be
considered from two different viewpoints, one of which is the overriding concern to create an
exact facsimile of a document in which no detail or physical feature such as stains, damaged
areas, color, erasures, or the like is lost. From the other viewpoint, the overriding concern
is to produce a legible reproduction of a document, even if this means some loss of detail or
physical characteristics.

There are compelling arguments for both perspectives of image utility. For some researchers,
where documents hold a significance of their own, e.g., documents containing famous
signatures or those that represent an historic event such as a treaty, document conversion
must yield an exact duplicate. Also, where document authenticity is critical, it may be
important to distinguish between colors of ink in signatures, erasures, stains, and the like.
For these researchers, any documert conversion that eliminates such detail should be
avoided. For other researchers, image legibility is far more important and the capacity to
improve the legibility of poor quality original images by removing stains or intensifying
contrast, for example, is a benefit. For these researchers, it makes little sense to reproduce
a faint and virtually unreadable document when it is possible to make that same image
readable and therefore useful. Choosing between these two alternatives is not easy, although
conventional archival wisdom leans toward improved image legibility.""

All document conversion processes involve the loss of some physical features from the
original. The only conventional document conversion process that does not cause any
perceived loss of physical features is high density color photography, which typically is used
for publication of high quality images. This expensive process is impractical as a production
tool. Microfilm, of course, can produce exact gray scale images (no color), particularly when
special film and processing are used. Current electrostatic copy technology can capture color
and in fact produces slightly intensified images.

11 Trudy H. Peterson, Assistant Archivist for the Office of the National Archives, believes that the vast

majority of researchers are more concerned with legible facsimiles than with exact facsimiles. In her view,
the appropriate way to handle this issue is to produce legible facsimiles of all documents and retain
original paper documents of intrinsic value for the handful of researchers who may find it necessary to
consult the originals.




Digital image scanning technology can caPture documents without any loss of pertinent
detail, including color and shades of gray.'? However, color scanners currently are very
-expensive and the storage and display requirements for digital color and gray scale images
are prohibitive for large image databases. Because of these cost considerations, the
improvement of image legibility without the use of color or gray scale became the primary
goal of the ODISS project.

Improvement of image legibility is a function of the scanning density and the enhancement
algorithms used. Unfortunately, an acceptable rigorous methodology for determining what
constitutes adequate image legibility does not exist.™ In order to establish baselines of
image legibility, a number of documents were scanned at 200, 300, and 400 dots per inch.
These images were used to develop a staff consensus of acceptable image legibility. These
experiments indicated that 200 dots per inch produccd images of acceptable readability to the
ODISS project staff. This scanning density was used both in high speed scanning and low-
speed scanning.

In addition to the project staff's consensus akout acceptable image legibility, a number of
National Archives’ reference support staff rzviewed scanned test documents and were asked
to rate the images from unacceptable to highly acceptable. These survey results confirmed
that in most instances a scanning density of 200 dots per inch along with appropriate
enhancement algorithms produces acceptably legible images.

The high speed scanner employed a constant thresholding image enhancement algorithm that
could be invoked by operator selection of one of eight contrast levels. This algorithm, along
with a scanning density of 200 dots per inch, prove< sufficient to capture excellent Tennessee
CMSR images in 94 percent of the cases. The -emaining six percent of the images were
scanned on the low-speed scanner with equally iipressive results.

Density levels higher than 200 dpi are usually required only for instances where capture of
minute detail is mandatory. This requirement is generally found in cartographic material
at small scale, engineering drawings, and type sizes of less than five point scale. Most other
collections could be digitized at 200 dpi which would result in completely legible images.
However, scan density is not the only factor influencing image quality. Enhancement
techniques can help create a clearer, more defined image without increasing scan density.
This technique not only provides more detail to the image, but also accomplishes it without
increasing image file sizes.

021 The approach of the National Archives of Spain in its optical disk project calls for full gray scale capture

of some nine million images of documents that deal with the Spanish Empire from the time of Christopher
Columbus to the early 20th century. Capturing and storing images in full gray scale will enable
researchers to view exact duplicates (excluding color, of course) of the documents and to determine for
themselves what constitutes useful information. As noted below, there are considerable equipment,
processing, and storage costs associated with capturing and storing this level of detail of scanned images.
The ODISS project involved documents of lesser vintage, most of which have no intrinsic value.
Consequently, cost considerations led to the decision to store "binarized” images.

(3] Accord*ng to Preservation Microfilming. A Guide for Librarians and Archivists, (1987, Nancy E. Gwinn,

ed.), "The creation of legible images on microfilm remains an art rather than a pure science. Various

standards recommend ways to produce sharp, legible images, but they are not totaily scientific and depend
in part on the camera operator’s judgment.” (p. 102)
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The low-speed scanner image enhancement algorithms'*! delivered by the original
contractor proved somewhat ineffective in producing legible images from seriously degraded
documents. Fortunately, an IPT Scan Optimizer,™ with patented algorithms specifically
designed to improve stained, faded, and low contrast documents, was loaned to the National
Archives on a beta-test basis and installed in the low-speed scanner. Images enhanced at the
low speed scanner by the Optimizer algorithms were very readable, even when the originals
were barely legible!"® A major benefit of using the IPT Optimizer was that its images
contained less "noise,” or irrelevant background information and therefore required less
storage than those produced by the unimproved low speed scanner.

Another image enhancement technique resulted from experimentation with the color of the
background reflectance surface during scanning. The low speed scanner, as delivered, used
a white reflectance surface which worked well with most CMSR documents, but not with two-
sided documents having significz..t ink bleed-through. It was found that red, blue, and
brown reflectance surfaces greatly improved the legibility of documents with bleed-through
problems "

Non-CMSR documents were used to evaluate problem document types scattered through the
holdings of the National Archives. A 1985 National Archives’ preservation holdings survey
identified document types that included preprinted material, different colored sheets, tissue
paper, dark and light inks, colored ink stamps, blurred carbon type, faint penci. handwritten
notations, turquoise carbon ink on translucent paper, purple carbon on brownish paper, and
blue carbon on buff colored paper. Selected documents identified in the survey were scanned
at 200, 300, and 400 dots per inch on the low speed scanner with and without the IPT
Optimizer. Generally, a scan density of 400 dots per inch produced very sharp images,
especially fine line detail and character edges. However, these same documents, when
scanned at 200 dots per inch, yielded legible images and with significantly lower storage
requirements, typically as much as one-third that of images scanned at 400 dots per inch.

An eight-bit gray scale scanner was included in the ODISS equipment configuration.
Although the gray scale scanner is a very powerful tool, it was not very practical for routine
ODISS production operations. In general, gray scale scanning increased storage
requirements by up to 800 percent. Using this software for image enhancement, the gray
scale scanner took between five and ten minutes to scan one full page image. Transfer of this
bit stream to the low speed scanner for entry into the CMSR system required several
minutes. This combination of high storage requirements and long processing time is
impractical for general use. Of course, where it is essential to produce exact duplications of
original documents, a gray scale scanner is necessary. In the ODISS environment, however,

{r4) Thresholding and textual removal.

U8 processor board and accompanying control! panel developed by Image Processing Technoiogies of McLean,

Virginia.
[16]

Figure 6-3 and Figure 6-4 in Chapter 6 illustrate the difference in image legibility produced by the IPT
Optimizer.

07 This parallels the experience of the Spanish National Archives optical disk project where black and brown

reflectance surfaces greatly improved image legibility.
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the chief benefit of the gray scale scanner was in evaluating enhancement algorithms and
demonstrating enhancement technology to visitors.

Because the ODISS research test focused upon black and white text images, it was: not
‘possible to.evaluate the image utility of color-based documents or color photographs. This

is an important area of digital imaging technology that requires further research and
investigation.

Ancther important aspect of image utility involved scanning microforms. The ODISS
equipment included an experimental multiformat microform scanner, which was used. to
-evaluate image utility of documents scanned from both poor image quality and high image
quality microfilm, As a baseline of comparison, identical images from original paper files and
microfilm copies!”™ were scanned at 200, 300, and 400 dots per inch on the low speed
scanner and the microfilm scanner. The resulting scanned images were displayed on a high
resolution terminal screen and printed on a laser printer. Images from the original paper
documents scanned on the low speed scanner were more legible than those from the:
microform:-scanner. One reason for this is that the latter did not utilize the IPT Optimizer.

A major {actor contributing to acceptable legibility was the use of-enhancement algorithins.
The available thresholding algorithm did improve legibility. Image enhancement of
extremely poor quality microfilm images, however, did not produce miracles. Even after
image enhancement, these digital images were of marginal quality at best. Of course, it is
quite likely that installation of the IPT Optimizer in the microform scanner would have:led
to drastic image improvement. Further investigation and research in-this area could confirm

if significant image improvement of extremely poor quality microfilm images is 1ndeed
possible.-

The key issue, however, for digital image conversion of poor quality microfilm images in the
National Archives is that much of the older film lacks blip marks, which are essential in high
speed scanning. Without the capability of automatic frame alignment, each microfilmimage
would have to be hand positioned. There are some prospects that a mechanical film transport
under computer software control could be developed to permit high speed scannmg
Given the availablhty of a high feed mechanical film transport, it is clear that digital image
scanning of poor image quality microfilm as opposed to the original records (where they exist)
would produce legible images.

(12} Because the microfilm copy of the Tennessee Confederate CMSR is of very poor quality, it was used to

verify if adequate image utility could be achieved in such adverse circumstances. If adequate image
utility could be achieved, then a large-scale production conversion of the CMSR and other microfilm
hcldings would be feasible. Use of microfilm would eliminate the need for document preparation and,
with a mechanized film transport, would greatly accelerate scanning throughput.

19 some exploratory work has been done on software that can detect (i.e., find) images on microfilm that has

no frame registration method (i.e.,, no blip marks or sprocket holes). The Archival Research and
Evaluation Staff has had exploratory discussions with several vendors who are interested in developing
& prototype scanner. In addition, the staff completed a requirements analysis for such a capability in
March, 1988, See Sanitized Documents Image Reference System: Requirements Analysis by Michael
Goldman.
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CONCLUSION. Digital imaging technology can deliver legible images. and even
significantly imiproved images when required. A scanning density of 200 dots per.
irch was adequate for producing legible images from more than 98 percent of.the
CMSR records scanned, particularly when linked to enhancement algorithms of the
IPT Optimizer. Although digital imaging technology cannot produce legible images
from illegible microfilm images, nonetheless it can produce legible images from both
good and extremely poor quality microforms. Additional research and development.

in automated film transports must be completed, however, before production-level
digitdl scanning of unblipped microfilm should be considered.

1.3.24 Image Stability

As noted earlier, a primary purpose of a document conversion project is to extend the life of
information of archival value, which for the purposes of this report means image stability
over time. Image stability is a function of the longevity of the storage medium and retention
of all information captured in the conversion process. The latter is particularly important
when copying images onto similar or other storage media from one generation to another.
An evaluation of the image stability features of optical disk media must take into account
comparable features of paper and microfilm.

The longevity of high quality paper and silver halide microfilm is impressive. Documents
written on paper with a high cotton content or copied on silver halide microfilm are quite
likely to have a useful life of "at least several centuries" when stored in the proper
environment.”® Documents copied on diazo microfiche or low quality paper such as
Therma-Fax are not likely to last more than ten years, if exposed to heat or light. Of course,
newspaper has a relatively short life also. A critical factor in the longevity of both paper and
microfilm is usage. Even the highest quality paper and silver halide microfilm will
deteriorate if subjected to high use. This is particularly true for microfilm which is
vulnerable to scratches resulting from continued use in microfilm readers. However, image
stability of microfilm can be assured by retaining a master negative copy of the
microfilm. !

The Sony Corporation, the supplier of the optical disk media used in the ODISS projec.,
claims longevity for their media in excess of one hundred years. Of course, it was not
possible for the ODISS project to verify this claim. However, in a parallel project, the
Nationzl Archives helped to establish a National Institute of Standards and Technology
(NIST) Optical Media Laboratory to develop a standard testing methodology to predict the
life expectancy of optical media. The initial NIST testing was done using Lony optical disks
and a progress report was completed in September 1989. The progress report included
preliminary data for 60°F and 80°F aging environments. If confirmed by a third point, this

200 Adelstein, P.Z. and McCrea, J. L., Stability of Processed Polyester Base Photographic Films, Journal of

Applied Photographic Engineering; (December 1981); pg. 160-167.
1 Phe National Archives maintains a master silver halide negative as well as a master reference silver

halide negative copy. Only the master reference microfilm copy is used to produce working copies of
microfilm.

12




would indicate a life expectancy from 30 to 130 years.”? The longer life expectancy reflects
test conditions where the relatively few error bursts of great length are excluded from the
calculations.®

Unlike paper and-microfilm, repeated use of optié¢al disks causes no loss of information. The
principal reason for this is'that in the process of "reading” an optical disk a low power laser
beam is-used and there is nc physical contact between the data sensitive area on the disk and
the reading mechanism. As noted earlier, this capacity of optical disks to be read many times
without loss of information has given rise to the term, "WORM disk." During the ODISS
project, several CMSR files stored on the Sony optical disks were read several thousand times
with no loss of information.

In this regard, another attractive feature of optical disks is that they do not require special
environmental storage conditions. Being exposed to ambient temperatures poses no long-
term problem for these disks.

A critical Eart of image stability over time is the potential for information loss in generational
copying.®” For example, both electrostatic and microfilm generational copying cause loss
of physical detail, typlcally mvolvmg degraded contrast or resolutlon In both electrostatic
and microfilm copying, there is some loss of resolution or contrast.” This means that in
the third generational copy; a substantial part of the resolution of the original document has
been lost. Of course, significant generatlonal loss of 1 image information generally is not a
problem as long-as the first-generation copy 1s recopled as in the case of making microfilm
copies from master negatives of high quahty

Optlcal disk media have been subjected to repeated generational copying with no loss of
information. In the ODISS project, copies of several CMSR files stored as digital images on
the Sony optical disks were retrieved and then writter-again on the disks. This process was
repeated through ten generational copies with no perceived degradation of the images or loss

221 Phe NIST report, Development of a Testing Methodology to Predict Life Expectancy of Optical Disk Media,

(1989), cited the need for additional data, including a third point for verifying this use of the Arrehnius

theory. The progress report also stipulated that the "Arrehnius plots showing life expectancy values are

included with the sole effect to illustrate the testing approach” and that the program was not "axmed

toward evaluating a particular type of media. Commercially available media have been used for the tests
" with the sole intent to evaluate the test procedures implemented.” A published version of the NIST report
. with addmonal test data is expected by the spring of 1991.

B ibid, p. vii.
@ Generational copying means making a copy of an original, and thereafter, making a copy of the copy. The

process may be repeated indefinitely with the key point being that each new copy is always made from
the most recent generational copy.

25 Albert H. Leisinger notes-that "when a filin copy is made from the camera negative, there is always a

copying loss, sometimes as much as 20 percent.” Microphotography For Archives, p. 17.
(28] phe CMSR microfilm, produced by a contractor, yielded very poor quality master silver halide microfiim,

with major image problems. This is not the case with microfilming of the Navy Widow Pension Files.
which was done by NARA staff.

13




of information between the first copy and the last.?” In a related study, the Public-Records
Office of the United Kingdom copied magnetic tapes to optical disks and back to computer
tapes with no loss in information.?®

A critical concern in using optical disk media for archival storage is that of ensuring future
retrievability. Unlike paper and microfilm, digital images-stored on optical disks are not
human-readable. Complex computer systems are required to read an optical disk and
interpret the binary ones and zeros of a digital image and then display the image in a way
intelligible to a human. This machine dependence introduces the factor of technology
obsolescence, as in any computer-based system, Use of optical disks in archives storage will
require the capability over time to transfer digital images from one system to another.
Recopying of optical disks from one system to a newer version of that system before the older
version is no longer supported by its manufacturer will prevent loss through technology
obsolescence. However, the capability to transfer easily digital images written on optical
disks using a data format peculiar to one computer system to one that does not use the same
format does not now exist. Major work is underway, however, to develop standards that can
ensure the transferability of digital images betwecn d1551m11ar computer systems.*!

“CONCLUSION The stablhty of d1g1tal images stored on Sony optlcal d1sks is
~substant1ally Jess. than that of hlgh quahty paper and silver halide microfilm.
’However, inlike high quality paper and silver halidé microfilm, repeated use of
d1g1tal images stored on.Sony optical disks causes no 1mage degradation-or loss of
information. The ma_]or préservation dxsadvantage to using: optical digital disks for
:archlval storage is the mecessity to- récopy - them periodically in order to avoid

. technology obsolescence. It is expected that. the development and implementation

" of data. transfer and phys1cal media standards for d1g1ta1 images and optical disk
-systems Wlll lengthen the penod*of tlme between rec0py1ng

1.3.3 Document Retrieval Issues
1.3.3.1 Document-Access
Making records available to researchers is fundamental to the mission of the National

Archives. To meet this objective, the National Archives uses a manual information storage
and retrieval system that utilizes series descriptions as the primary tool for identification and

1 Raw byte error rates were below one erroneous byte per 10,000 bytes., Built-in error correction codes

reduced this to 10E*2 which indicates only one erroneous byte per gigabyte of data.

28 ppa tapes contained numerical data, not text or image data. See the report entitled, Public Record Office.

Optical Disk Project Final Report, 1989,

9] The Association of Information and Image Management (AIIM) is sponsoring developmental work in this

area. In addition, a special interest group from the Digital Image Applications Group (sponsored by the
National Archives) also is working on the development of such standards. It will be several years before
these standards are in place.
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retrieval of records. In some instances, records are indexed either at the folder (file) or
document level. As a general rule, ease of access to records in the National Archives is a
function of whether or not individual files and documents are indexed.®” Where the
records are indexed, a specific folder can be retrieved and specific documents located. Where
access is at-the series level, boxes of records must be searched until the specific documents
are located: Because the CMSR files are indexed, it is possible to search a name index for
a specific file and then retrieve specific documents. This search and retrieval activity
involves staff access and public access. Typically, the latter occurs in the self-service
Microfilm Reading Room.

Neither the National Archives nor any professional archival organization has identified
appropriate archival criteria for evaluating automated retrieval. Nonetheless, for the
purposes of the ODISS project and this report, the key criteria are the speed and relevance
of retrieval, simplicity of the user system interface, enhanced retrieval capability, and
decentralized distribution. Speed, of course, refers to timeliness while relevance denotes that
the retrieved information matches the user’s query. Simplicity of user system interface
means that no special skill or understanding is required to use the system. To phrase this
another way, it means a user-friendly search and retrieval sysiem. Enhanced retrieval
capability means that the retrieval system supports forms-of inquiry not available in the
original indexing scheme: Finally, decentralized distribution refers to the capacity to extend
search and retrieval functionalities to a wide variety of locations.

1.3.3.1.1 Speed and Relevance

Staff use of the CMSR files typically involves processing mail-in requests from researchers
for information about an individual soldier and manually searching the appropriate index.
If the index.search identifies a soldier meeting the specified criteria, that is, the search
produces relevant information, the file is retrieved (either on microfilm or paper), and a copy
is made and sent to the requester. Current NARA procedures call for staff to complete an
index search and retrieve the appropriate file in 9.6 minutes or less.®™™ It is difficult to
establish the level of accuracy of CMSR index -searches because as a general rule, staff
members use the exact name spelling provided. Ifthe name provided is incorrectly spelled
or there is a variant spelling (e.g., Stephens or Stevens), no file is located, even though in fact
a file may exist under the correct or variant spelling.®?

Four staff members who regularly perform index searches for Civil War soldiers participated
in an evaluation of the speed and relevance of the automated index of the Tennessee
Confederate CMSR. The ODISS project staff prepared six batches of ten queries each,
consisting -of a mixture of easy and difficult searchés, to simulate the batches of mail-in
queries that the reference staff answer. After a training session of two hours followed by
practice time of two hours, the four staff used the ODISS automated index to respond to the

B Bven if no index was explicitly developed for them, records filed in some particular order (e.g.,

alphabetical or chronological) are implicitly indexed.

BU " This does not include any time for reviewing or duplicating the contents of a file.

1821 1f an index card notes there is a second file under a variant spelling, then this index information is also

consulted.
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six batches of queries. The average time to complete five batches®™ ranged from a low of
1.7 minutes per query to a high of 4.5 minutes per query, which was a substant‘al
improvement over-the manual index search and file retrieval times."*"

The relevance or accuracy of the searches was not as dramatic. Accuracy was calculated on
the basis of the number of searches.that-correc’ly identified the soldier, which ranged from
a low of 50 percent to a high of 90 percent. This low accuracy rate does not reflect a
shortcoming in the retrieval technology, but rather the failure of the four staff members to
use cross reference index information to a second file which contained more records. For
example, a search for information about Andrew Crowson, a cavalry soldier, yielded one
jacket image with a remark that other cards were filed with A. J. Crowson in #31221.
However, the CMSR staff member overlooked this reference and did not retrieve the second
file, resulting in an inaccurate search result. Subsequent interviews with the four
participants strongly suggested that it was not possible for them to learn thoroughly in four
‘hours the flexible rules for performing index searches and document retrieval on ODISS.

The original ODISS Test Plan called for an evaluation of the experience of non-staff
researchers conducting their own CMSR searches. An ODISS public workstation was
installed in the Microfilm Reading Room, which-is essentially self—semce, to collect data on
researchers’ interest in and ability to learn and use a self-service automated reference
station. This capability was never tested because the on:screen instructions for the public
did not elaborate enough and did not provide a novice with sufficient guidance to understand
easily the system’s operation or navigate through its menu paths. This made it difficult and
time-consuming for researchers to work through a self-teaching session.

An alternative approach was designed to collect researcher reactions to the public
workstation. Three volunteers, each of whom had some previous computer expérience, were
assisted by an ODISS project staff member in working through the screen instructions. The
volunteers rated various features of the workstation. Its most desirable features were image
legibility and image manipulation, especially the zoom (or image magnification) capability.
Despite the volunteers’ enthusiastic response to the public workstation, it was not possible
to evaluate the timeliness and relevance of their searches. Consequently, further
investigation of researcher reaction to self-paced instructions for index searches and image

retrieval should be undertaken before an operational search and retrieval system for CMSR
records is-designed.

In addition, -ODISS project staff conducted demonstrations of the public reference terminal
in the Microfilm Reading Room using the scanned Tennessee CMSR files. Index searches,
file:retrievals, and laser-printed hardcopies of images were demonstrated. Reactions to the
demonstrations were quite favorable and often enthusiastic.

B3 One of the six batches was discarded since one staff member forgot to record his time for that batch.

B4 1t should be noted that unlike the CMSE manual search, the elapsed ODISS search and retrieval times
also included the display of document images which could then be printed out in a minute or so,

depending upon how many images were in a file.
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CONCLUSION There was a substant1a1 1mprovement in the tunehness of s’caﬂ‘.‘
index searches and retrieval of the ODISS CMSR files over manual methods, but the
relevance or accuracy of the results of those searches was. less impressive.
Doubtless, more training 4nd hands-on -experience of the four CMSR staff would
have greatly iinproved their accuracy rates. The design of the screen instructions
for public-researchers precluded collecting data on the timeliness and accuracy of
public searches of the ODISS index. These aspects of the document access
¢ompbnent of the ODISS Project require further investigation before designing a full-
scale automated search: and retrieval system for CMSR records. Despite these
problems, many researchers in the Microfilm Reading Room who viewed ODISS.
‘demonstrations were impressed with the.system’s capabilities.,

1.3.3.1.2 Simplicity of User System Interface

The current manual alphabetical name searches and retrieval of CMSR files either on-

microfilm or paper do not require complicated procedures or a lengthy sequence of steps to
follow. Although the full features of the ODISS automated search capability are not
intuitively easy to use, the four CMSR staff members rated the workstation as easy to use
and very fast. Despite a short training time (four hours)-on the ODISS system for the four
CMSR staff, they were able to operate the workstation and pick up most of the basic
procedures. Undoubtedly, this limited training explains why the participants achieved only
an average accuracy rate of approximately 70 percent. Interviews with the four CMSR
participants strongly indicated that a few days of experience using the ODISS search and
retrieval capability would have made them 100 percent proficient.

The Office of the National Archives’ workstation operators assigned to the ODISS Project who
worked with the ODISS system daily had no difficulty in using the search and retrieval
capability. Although ease of use likely is a function of familiarity with the ODISS system
and the CMSR records themselves, the workstation operators had no prior experience with
either one. Yet, within a very short period of time they were fully proficient in using the
search and retrieval function.

The screen designs for ODISS workstations and the public workstation were similar, but the
instructions were not. Although the ODISS project staff could easily follow the menu
instructions, this was not true for users of the public workstation. The experience of three
volunteer researchers using the ODISS public workstation confirmed this and underscores
the importance of a simple and easy-to-use search and retrieval system. Identifying the
appropriate screens and menu instructions for an automated search and retrieval system
designed for public usage requires a very careful and systematic investigation with significant
involvement of public researchers. It would be imprudent to design an autoreated search and
retrieval system for CMSR files without first conducting this investigation.
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) -‘sCONCLUSION Both the ODISS prOJect staff and the Natwnal Azchwes
. ’workstatlon operators assigned to the. project were able to use the ODISS search ~ad
’ retneval capablhty with little dlﬁiculty This was less true for CMSR staff, althoughk

‘they undoubtedly would have-beeri more proﬁcxent had they received more trdining,

'1nstructlons comprised-an adequate user system interface for them. This was not
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1.3.3.1.3- Enhanced Retrieval Capability
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Because-manual indexes are generally sorted-on a single-term, it is not possible to conduct
concurrent multiple. term.searches combining name, date, or other index information. -A
major strength, of course, of a carefully constructed automated index is the flexibility to
combineindex search terms that yield more precise results: For example, searching an index
for a soldier named John Smith-is likely to identify a number of soldiers with that name.
However, if rank and unit are combined with Smith, then the search may be narrowed to
only one individual..

The ODISS automated search and retrieval system offered this kind of flexibility, a feature
that both:the-four stafl andithree public researchers found very beneficial. In addition, this
automated name index gives rise to new forms of inquiry not heretofore possible. For
example, searches can be conducted combining rank with length and kind of service in order
to identify significant trends. A fully automated index-to all of the CMSR would prov1de an
enormouisly rich demogr%})hlc database that could support a wide range of historical inquiry
not.previously possible.®
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i 'CONCLUSION The ODISS search and retneval system prov1des a greatly
.” énhanced-access capability to the Tennessee Confederate CMSR. Extension of this.
g 'fsearch and retneval capability to.other CMSR Pension, and Bounty Land records
igTikely to’ lead to greatér use of the records.as new questlons of historical research-
,are formulated
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1.3.3.14 Decentralized Distribution

The capacity to extend distribution to a wide variety of locations is an important aspect of
document access in the 1990’s. Microfilm and microfiche, of course, are well-suited to this
kind of distribution. For example, a microfilm copy of the Tennessee Confederate CMSR is

B8] See for example, Constance B. Schultz, Daughters of Liberty: The History of Women in the Revolutionary
War Pension Records, Prologue, (Fall, 1984), pp. 139-153. In particular, Schultz argues that a computer
database or index to pension files could facilitate research in women’s history that is not possible now.
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at the Tennessee State Archives where only an inexpensive microfilm reader is required to
use the microfilm. Another factor favoring microfilm/fiche in decentralized distribution is
that a-copy of all of the Tennessee Confederate CMSR on 359 rolls of microfilm can be
purchased for $7,180.

Although the ODISS Project did not address the question of decentralized distribution of the
ODISS Tennessee Confederate CMSR, there is no technical impediment to it. It could have:
been done either by .duplicating the 12-inch WORM disks or by providing a
telecommunication link between the ODISS index and image database and researchers at the
Tennessee State Archives. However, even with today’s technology, decentralized distribution.
of the ODISS Tennessee Confederate CMSR is not practical. Duplicating the 12-inch disks:
would cost very little, but installation of the hardware and software at the Tennessee State
Archives would-be very-expensive. A telecommunications link between-an image‘ terminal
at the Tennessee State Archives and the ODISS index and image database is neither
practical nor cost-effective. The narrow telecommunications bandwidth of common voice-
grade phone lines would require almost a minute per image at a 9600 Baud rate.*® A
more practlcal decentralized distribution that reduces the thh equipment cost and eliminates
the slow image transmission' rzte would involve copying the automated Tennessee
Confederate CMSR index to CD-ROM®" for use with the microfilm copies of the records at
the State Archives.

o [ ren PAap

CONCLUSION, The ODISS Tennessee Confederate CMSR ‘can be used inca- .
decentralized dlutnbutlon env1ronment in much the same way as mlcroﬁlm is used..
However, desplte major advancesin optical disk technology and telecommumcatmns,
the-costs.of a decentralized distributed:ODISS Tennessee Confederate CMSR, still
are prohibitive. A more cost-effective approach using a combination of microfilm and
CD-ROM technology could be, used for a- decentralized d1stnbut10n of the ODISS
‘Tnnnessee ‘Confederate CMSR

14 Cost Effectiveness
14.1 Document Throughput

A major goal of the ODISS Project was to establish a high speed digital image document
conversion throughput rate that could be compared with other conversion approaches. The
ODISS functional requirements stipulated a high speed scanner capable of scanning 40-
images per minute, a rate apprommately five times faster than that achieved by high speed
microfilm camera operators in the National Archives. @€ Although the high speed scanner
was capable of processing this many images per minute, other factors came into play that
significantly reduced document conversion throughput to an average of 1158 images per day

©81 9600 Baud is the fastest transmission speed-possible over ordinary voice-grade telephone lines without

data compression using modem units commonly available.

BT See Section A.2.3.4 on page 195 for a detailed discussion of CD-ROM technology.

B8] This is based upon the Special Media Preservation Branch daily production standard of 3331 images of

prepared flat work.
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(2.8 images per.minute in # seven-hour shift), about seven percent of its rated- capac1ty and
about one-third the production rate for high speed microfilm camera operators in the
National -Archives with comparable archival documents.® These factors include a
‘significant wait-time betweern opening and closing files, fewer images per file than projected
(requiring more file openings and closmgs) and operator selection of certain buttons
controlling document size and contrast level.*°

An operations research analyst and statistician from the Navy Regional Data Automation
Center, under contract with the National Archives, analyzed the problem of slow document
throughput. He developed a computer simulation model using timing data that excluded the
wait times. Because the simulation model assumes the existence of sufficient processing
capacity to eliminate all wait times-at the workstations; it is possible to predict realistic
throughput rates. In this instance, the predicted high speed scanner throughput rate was
3888 images a day, almost 500 more than the production standard for planetary microfilm
camera operators in the National Archives.

Another factor contributing to the slow document-throughput conversion rate was the need
for high speed-scanner operators to push-one or more buttons to set scanning parameters
whenever certain document characteristics such as document size or contrast changed
Elimination of these activities could also contribute to higher document conversion
throughput rates. Recently, a manufactuxer of digital scanners reported developmental work
on a high speed scanner featuring software-driven sensing devices that automatically. make
these decisions, thersby significantly increasing the image throughput rate. Before a full-
scale CMSR conversion project is implemented, additional research and testing of high speed
scanners with software that automatically sets the contrast level, image size, and the like
must be undertaken in order to develop realistic production rates.

£ T
M

- fCONCLUSION ’I‘he ave" ye dally ODISQ document conver;;ign throughput rate of

¢ 1158. pages would e Ve s ptable in a large-scale prod iétion. Several factors;,
1nclud1ng ‘the: smaller ave. sge file-size than planned for Auzing: the system-design,

"~ which caised many mote file-6peiiings and closings thar antlcxpated and a system

b desxgn architecture: wlnch ecouldn’t compensate for it, .contributed to ‘this

P unexpectedly low throughput rate. ‘However, through the use of a com')uter
simiilation model; it was possible to-obtain a reliable: pmmcted throughput rate i in
excess- of - 3800 images:per day. Moreover, one, manufaﬂturer of digital scanners has
-réported: developmental work -on a néw hlgh $peed. scanner that 1ncorporates
‘$oftware that automatlcally selects document size and contrastlevels for each image
without operator intervention. Further research and-investigation of this-and other
new -scanpers in -an operatmnal environment is crucial beforé beginning a full
production. document conversion operation which-wouid use NARA staff and NARA-
Apurchased eqmpment

@) 1t should be noted that in one controlied high speed scanning experiment, an Army Technical Manual was

processed at a throughput rate of 36 images per minute with no rescans required. The uniform size and
high quality of the page images largely account for these results.
49 Por a more detailed discussion of these issues, see section 6.2.2.2 on page 92 and section 6.13.3 on page
154,
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1:4.2 Space Reduction

In principle, the conversion of paper records to high density storage media reduces the
amount of storage space required because the originals could then be destroyed. In practice,
at least in the. Natmnal Archives, no paper records that have been converted to microform
have been destroyed or placed in a low-cost, off-site storage facilities. In this sense, there is
no absolute space reduction resulting from a document conversion program.

Digital image and opt1cal disk systems, as demonstrated by ODISS, offer the potential for
tremendous sav1ngs in storage space requirements. The 220,000 page images scanned during
the ODISS conversion represent approximately 80 cubic- feet of document storage space.

Sony’s claims that their 12-inch, two-sided optical disks would hold the equivalent of
20,000%" page images on each side were fully validated. These 220,000 images were stored
on five 12-inch disks, which together require less than one cub1c foot of storage space.

However, this is somewhat misleading because the jukebox, which holds the disks, and other
computer equlpment occupy more than 80 cubic feet of space. Obvmusly, the benefits of space
reduction improve as the volume of paper records to be converted increases. For example,
storing 500 million page images using double-density Sony ortical disks would requlre only
250 cubic feet for disk storage. In comparison, this volume of paper would require over
200,000 -cubic feet of shelf storage-space. If mxcroﬁlmed the 500 million images would
require almost 7,000-cubic feet.of 35mm microfilm storage."?

ACONCLUSION One double-densxty 12-1nch Sony ophcal dlsk -can store around
80,000 page images, which represents a significant space reduction potentlal
\provxded the ongmal records ‘can be removed or transferred from the premises.
-However, the space occupled by -optical disk drives and supporting -computer
equlpment must be taken ‘into account in- calculatmg net space reductlon A net

fconverted the greater is: the nét. space reduction ratxo

14.3 Improved Access

From an archival management point of view, improved staff access to CMSR files should
result in decreased search time and increased accuracy of retrieval. In the ODISS project’s
search and retrieval test, the average time was 2.82 minutes, more than three times faster
than manual search and retrieval. This suggests that with an automated search and
retrieval system in place, only five staff would be required to handle all of the 100,000 to
110,000 annual -write-in requests.*® Unfortunately, the accuracy of search and retrieval
of Tennessee Confederate CMSR records vis-a-vis that of manual search and retrieval cannot
be compared because reliable statistics on the latter do not exist. Nevertheless, the ODISS

“II More recently, Sony has announced a new, higher density disk that stores the equivalent of 40,000 page

images per side.

“2 " Refer to Table 6-22 on page 134 for a table of comparisons.

U3 Current staffing for the manual search, retrieval, and duplication activities totals 18.
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automated name index search capability is a powerful tool that experienced staff could use
in increasing the accuracy and consistency of their work. Indeed, the automated name index
search capability permits very complex searches not possible with the manual index.

The ODISS project could not demonstrate an improvement in access to the Tennessee
Confederate CMSR files by-on-site public-researchers, largely because the complexity of the
screen- design and instruction menus made self-instruction impractical. However, the
automated search capability along with screen display and immediate laser printing of
retrieved images can yield a major improvement in image legibility and reduced retrieval
time. The latter is particularly important because it currently takes between one and two
hours to deliver a requested paper file to the Research Room.

~

»CONCLUSION The ODISS PrOJect demonstrated a three-fold reductlon in the‘
amount of staff time required to séarch and retrieve name index files of the
Tennessee Confederate CMSR. “This- finding can be generalized- to other similar
mame- index searches in the CMSR; Pension, .and Bounty Land files. Because
'comparable statistics-are not availsble for manual name index searches, it is not
possible to establish an improved : accuracy rate for aufomated search and retrieyal
of name index files. The complexity in the ODISS screen design and instruction
menus precluded-an evaluation of improved publicaceess. Nonetheless, considerable
eviderice suggests that a pubhc automated search and retrieval system would
'drastlcally reduce search and retneval time and’i 1mprove accuracy

14.4 Cost-Benefit Concerns
Appendix D of this report compares the costs of an optical digital i image storage system and
four other alternatives against a baseline manual reference system in which original paper
records are used for retrieval. For consistency, the five alternatives to the paper system each
require a retrospective conversion of the paper records to an alternate medium (i.e., microfilm
or optical disk). In order to provide a reasonable cost comparison, a generic model apphcatlon
was defined and then applied to the baseline and each of the selected alternatives:

% Continued use of an existing paper storage and retrieval system (the baseline)

% Microform conversion using existing filming and retrieval facilities

%  Microform conversion using upgraded equipment and a computer assisted retrieval
(CAR) system

Upgraded (CAR) microform system using a service bureau for conversion

Conversion by digital image capture with an optical disk system used for storage and
retrieval

% Digital image/optical disk system using a service bureau for conversion

22




The cumulative discounted costs" of these alternatives over a ten-year period are listed
below, ranked from the least expensive to the most expensive.

# Existing paper $769,875
% Manual microform using existing facilities $1,186,970
% Upgraded microform (CAR) $1,550,983
% Digital image $1,942,376
# New microform with service bureau $2,804,459
¢ Digital image with service bureau $3,096,712

If discounted costs are plotted for ten years,"” none of the alternative storage and retrieval
technologies which involve a conversion of the records appears to be cost-competitive with the
continued operation of an existing paper-based storage and reference system. Nor does the
plot of the model disclose any discernable trends that would suggest any different conclusion
for-the decade to follow. Yet as Appendix D points out, the cost model which is the basis for
this statement only applies to the particular varlables, assumptions, and constraints which
were used in its consiruction. It is conceivable that with a different set of parameters, the
results would be different. It is also conceivable that rapid advances in evolutionary
technologies such as digital imaging and optical storage may result in price reductions that
could totally alter the picture at some point in the near to not-too-distant future:

Because any conversion of records from paper to an alternate medium involves an-expensive,
labor-intensive operation involving document preparation, handling of the records during the
filming or scanning, and creation of an index, conversions will always suffer a cost
disadvantage in comparison to maintaining and using existing holdings of records. Secondly,
performing a conversion usually entails significant capital costs in the early years when
equipment and services must be acquired to effect the conversion and support reference
operations using the new format.

Even if the conversion of paper holdings with a labor-intensive, manual reference system to
a technologically improved system involving an alternate storage medium and automated
reference procedures cannot be justified currently on the basis of cost alone, there may be
other intangible benefits that would warrant undertaking the conversion. Many of these
benefits have been identified earlier in this chapter.

One of the primary benefits of digital imaging technology that became so obvious during the
ODISS pilot is the opportunity to electronically enhance the legibility of images captured
from poor-quality documents. The results in this area were quite dramatic and drew
considerable favorable comment from the over 2000 persons that toured the facility during

“4 " For a discussion of the use of cumulative discounted costs and net present value, refer to section D.1.2 and

footnote #106 on page 292, and section D.8 page 319.

U5 Refer to Figure D-1 on page 321.
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its operation. Furthermore, digital images are in fact digital data and may be copied from
generation to generation with no loss of data or detail.

Whereas current reference procedures for the CMSR documents involve time-consuming and
labor-intensive manual searches of indexes and subsequent manual retrieval of the records
for review, ODISS demonstrated the capability for researchers .or archives staff to perform
the entire reference operation from a single workstation where the user would search an
automated, computer-based index, retrieve and view the selected file images, and ask for
paper replications as desired. With the CMSR files available on-line and available for
concurrent access from more than one workstation, there was never any "out-of-file" or "lost
file" situation. Staff and public researchers who used the system or were showed
demonstrations were seemingly impressed and pleased at the prospect of rapid, accurate
access to the files. Hence, in some cases, a conversion to a fully automated format may be
warranted for heavily referenced collections in order to provide a better level of service to the
public and to reduce reference staff workload.

Conversion of large holdings of paper documents to a more compact formsuch as microform
or digital images on optical disk will result in a savings-of storage space at the reference
facility as long as-the original documents are retired to off-site storage. If'the lack of storage
space at the reference location is of paramount concern, then a conversion may be warranted.

All documents suffer from repeated handling. In the case of older, deteriorating, or degraded
documents, conversion may be warranted-as a preservation measure in order to remove the
original documents from active reference usage and retard or prevent their further
degradation.

CONCLUSION. From the cost-analysis presented in-Appéndix D, it appears:that
any:conversion of paper records to an:alternate form cannot currently-be justified
purely on the basis of cost alone. However, the ODISS project also identified other
intangible- benefits, such as improved image legibility, improved timeliness and:
accuracy -of access, an enhanced retrieval capability, reduction of storage space:
requirements, ‘and reduced or eliminated handling of original documents. A
.conversion of records to an-alternate form may be justifiable on a basis other than
reduction of costs. Each case must be decided on‘its own-individual merits.
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2 'PROJECT HISTORY AND PURPOSE

This chapter discusses the ODISS project from its conceptual beginnings in 1984. It also
presents the original project goals and objectives, and details the acquisition and system
implementation processes.

2.1- Origins of the ODISS Project

ODISS stemmed from a February, 1984, report from the Archival Research and Evaluation
Staff (NSZ), A Study of Alternatives for the Preservation and Reference Handling of the
Pension; Bounty - Land, and Compiled Military Service Records in the National Archives.
The report evaluated technological alternatives for preserving and performing reference
-service on 80,000 cubic feet of military service, pension and bounty land records for which
there were more than 100,000 mail-in reference requests annually. The study recommended
records conversion with an automated index and raster scanned images stored on optical
disks. A silver halide microfilm copy from the raster scan would be stored off-site as a
‘security copy.

The report anticipated a full scale conversion to optical disks within seven years. However,
NARA decided on a more cautious approach, because many questions remained unresolved
about the feasibility of obtaining high quality images from archival documents with- faded
writing, various combinations of colors of paper stock and inks, and other legibility problems.
The speed of conversion, the ease of training operators to run a conversion system, and the
researchers’ acceptanc. of digital images on computer terminals with automated indexes were
other unanswered questions.

This cautious approach is reflected in the NSZ October, 1984, Technology Assessment Report:
Speech Pattern Recognition, Optical Character Recognition, Digital Raster Scanning. This
‘report described each of the three technologies and then assessed their applicability to
archival records. It concluded that all three should continue to be tracked, but that OCR and
digital raster scanning were sufficiently developed that NARA could usefully undertake
research-projects testing these two technologies with archival records.

Immediate full scale digital conversion of the pension, bounty land and military service
records was abandoned in favor of a research test project. On March 6, 1985, the Archivist
of the United States formally approved a research project in which NARA would acquire a
test system. This system would allow research and experimentation into the many questions

about the feasibility of applying digital image and optical disk technologies to National Ar-
chives holdings.

2.2 Project Objectives and Procedures

The ODISE research test was designed to take full advantage of the latest commercial
advances in the electronic digital imaging technology as applied to source document and
microform capture, indexing, enhancement, storage, display, and hardcopy output. ODISS
enabled NARA to investigate the ability of new technologies to solve current records
management problems, as well as aid in decisions regarding larger, more complex systems

in the future. Some of the objectives and procedures pursued during ODISS testing included
the following.
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Preservation: Refine the estimates of the repair and conservation workload needed to
prepare documents to the image storage system; assess the life expectancy or permanency
of document images stored on a digital imaging system; and assess the capability of the
digital imaging system to produce images that are faithful facsimiles of the input documents.

Document Selection: Identify and select representative samples of military service records
for use. Ensure that the selected documents represent a complete set of the document
characteristics that must be evaluated and addressed during the project.

Document Preparation: Determine what preparation and workload requirements are
necessary for the complete and thorough input and conversion of documents; assess the
capability of maintaining document integrity and control throughout the preparation, input
and conversion stages; and, assess the capability of efficiently preparing documents for digital
imaging input.

Document Input and Conversion: Establish the feasibility of converting paper documents to
optical digital media; assess the system’s capability to input and convert documents efficiently
to digital form; assess the system’s capability to provide image enhancement for
representative samples of a full range of NARA documents; determine what levels and
techniques of scan density and image enhancement work best for various types of documents;
assess the human intervention requirements needed to perform document input and
conversion; assess the manual and automatic system controls; determine what production
methods are best to perform input and conversion in an operational environment; and,
determine feasibility of scanning non-paper holdings such as roll microfilm and microfiche.

Document Indexing: Create an indexing system that has the dual independent capability of
database information retrieval and document image retrieval; and assess the system’s
capability to add, modify and delete documents using the indexing scheme.

Verification and Quality Control: Assess the system’s capability to provide and maintain a
high level of quality control and accuracy of digital images during the input, conversion,
indexing, storage, retrieval and output stages; determine how accurately the system inputs,
converts, indexes, and stores the original documents; and, determine what techniques work
best for maintaining high levels of quality control within the system.

Document Storage: Establish the feasibility of storing paper and non-paper document images
on optical digital media; evaluate the storage capacity in terms of storage cost and efficiency;
evaluate the system’s capability to use mechanical devices effectively to retrieve
automatically the optical media and send the requested document images to the requestor;
and, determine the methods and requirements that work best in backing up the stored
information.

Document Retrieval: Establish the feasibility of retrieving digital images of records instead
of the actual physical paper or non-paper documents; evaluate remote index data retrieval;
assess the retrieval capabilities of the system including speed of retrieval, intellectual control
of the information, quality of retrieved images, and flexibility of retrieval requests; and
determine staff and public reaction to the use of an image retrieval system as compared to
use of original records or microfilm copies.
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Document Qutput: Establish feasibility of creating hardcopy paper output from digitally
stored: data; and, assess the system output mediums to-replicate and accurately provide
facsimiles of the original documents.

System Operations: Evaluate the physical operation of the entire digital imaging system and

assess hardware and software reliability; evaluate the capability to integrate various
hardware and software components successfully into one workable system; and determine the
relative costs and benefits of using an automated digital image system to support archival
reference as compared to existing manual methods.

2.3 ODISS Design and Technical Requirements

ODISS was-an NSZ research and experimentation project designed to evaluate how well
digital imaging and optical disk-technologies function with archival records. To perform this
research it was necessary to acquire a research test system. NSZ, in-consultation with the
‘Office of the National Archives (NN) designed the system’s technical requirements in order
to examine the applicability of digital imaging technology-to historical records.

For example, one major question is whether the technology could produce clear, legible
images from NARA’s textual documents containing a wide range of image quality problems.
Therefore, the requirements specified scanners that could capture images at scan densities
of 200,.300 or 400 pixels"® per-inch as well as performing "automatic and user controlled
complex image enhancements.”®” These multiple capabilities were necessary to learn
which combinations of scan densities and image enhancement techniques might produce
useful images from the various NARA document holdings.

In another area, any-large-scale conversion of NARA’s massive quantities of records would
need rapid throughput production. Since the decision was made to conduct a research project
rather than an immediate full scale implementation, requirements were drafted about high
speed production with archival documents. Thus, the requirements specified a high speed
paper scanner with a rated speed of at least 40 images per minute in order to determine the
"real" throughput rates for different archival record types.

The requirements in other areas such as-the workstation characteristics and image storage
required the contractor to provide state of the art equipment and capabilities. An effort to
-combine state of the art technology with a need to evaluate the feasibility of obtaining
readable images from old NARA microfilm led to the requirement for a multi-format film
sca(rimer that could process various microforms including roll films, microfiche, and aperture
cards.

Modeling the workflow helped define the specific actions that operators would have to
perform during input and retrieval functions. This workflow also identified indexing and
quality-control functionality needed to perform these operations. The requirements for the

16) Pixels, or picture elements, are discrete points (dots) sensed by the scanning equipment. Image sharpness

is usually improved as the number of pixels per inch is increased.
1l Image enhancement refers to the process of improving electronic image quality. Various enhancements
are available; selection is usually based on original document characteristics and scanner performance.
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information retrieval required the contractor to provide easy-to-use methods for conducting
searches, obtaining images at the retrieval terminals, and printing hard copies.

In summary, the design process developed a model of an optical disk-based digital imaging
system. It clarified and-defined the hardware and software capabilities needed to conduct
research experiments into the application of this new technology to archival work. The
design effort set requirements for collecting data about NARA’s optical digital image storage
technology needs.

24 System Acquisition and Implementation Process

Federal government high technology procurements typically are complex processes following
well defined, legally mandated administrative and procurement procedures. This.policy has
evolved to foster open competition among private industry bidding on government contracts,
while-ensuring that federal agencies acquire systems conforming to specifications. Some of
the steps involved in agency procurements are: feasibility studies and requirements analysis,
preparation of technical specifications, contract negotiation and award process, design
reviews, factory acceptance tests; system delivery, and training. This cycle can follow various
configurations, and may stretch out over several years. For example, ODISS was
conceptualized in a NARA study almost four years prior to its actual on-site installation.

The Archival Research and Evaluation (NSZ), with assistance from Office of the National
Archives (NN) staff prepared the ODISS functional and performance specifications.. The
specifications did not mandate any specific system approach or equipment. The government’s.
basic:requirements for system functionality were defined, and it was left-up to the interested
bidders to propose hardware, software, and operations design to meet the requirements.
Since ODISS was such a-complex, interrelated operation, the preparation of the government’s
specifications involved an integrated effort by NARA staff trained in different disciplines. To
conduct the ODISS project, a NARA team was assembled to define system requirements
designed to be issued in a Request For Proposal (RFP), conduct technical evaluations of the
vendors’ proposals, and monitor project implementation.

NSZ and NN put together a five member team to define the requirements for a digital
imaging system. Two NSZ members provided knowledge of digital imaging technology as
well as computer programming and ADP systems analyst backgrounds. Three NN staffers
temporarily detailed to NSZ represented user needs, provided knowledge of military records
and reference service operation for pension and compiled military service records, as well as
general archival practices.

After the system’s requirements were defined and an initial draft Request For Proposal (RFP)
was-completed, two of the NN members returned to their regular assignments, while the
third was assigned permanently to NSZ to help further refine the draft RFP. A new staff
member with experience in micrographics and automated production-oriented conversion
systems subsequently replaced an NSZ member who pursued another NARA management
opportunity. This left a basic three-person NSZ/ODISS project team to complete the RFP.

NSZ'’s three-member team became the lead group for implementing the project from contract
award through system installation. The NSZ team’s background experience included
expertise in digital imaging technology, micrographics, automated conversion systems, and
familiarity with archival practices and concerns. A similar staffing talent mix would be
useful for any organization contemplating a digital imaging project.
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Under the direction of NARA contracting officials, ODISS was not pursued as a research and
development contract, but rather as a two-step, fixed-price acquisition procurement. The first
step is used to screen prospective bidders for minimal technical competence, while the second
sﬁep is a price bid by the technically qualified firms. The lowest price bid automatically wins
the contract.

NARA released an Invitation For Bid (IFB) for ODISS in early November 1985, followed one
month later by a pre-bidder’s conference held in NARA’s theater. Conducted by NARA’s
Contracting Officer, the bidder’s conference addressed bidder’s questions and/or concerns.
Several vendors also submitted questions several weeks after the conference, requiring
clarifications of the technical specifications from the Government.

In order to assure equitable evaluation of bidder’s technical proposals, NARA convened a
technical evaluation committee (TEC). TEC staffing consisted of the three NSZ staff
members, rejoined by the two NN people who had worked on defining the system’s
requirements. These five committee members as a team determined which companies were
technically qualified to build NARA’s optical digital image storage system.

Each proposal was individually reviewed by a TEC member, followed by a committee meeting
to achieve a scoring consensus. The committee’s responsibility was to classify each proposal
according to a pre-established set of criteria, and document the results. Evaluators
numerically scored and ranked each proposal, using the weighing factors published in the
solicitation document. When additional information/clarification was required from a bidder,
'the committee communicated with NARA’s Contracting Officer. Meetings were also held with
bidder’s to obtain clarification of TEC member’s questions.

The ODISS two-step process specified technical submissions by mid-February, 1986. NARA’s
contracting office received bids from seven vendors, with one bidder providing two technical
proposals. Of the seven entries, three proposals were judged as technically qualified. The
major part of the TEC committee’s work was completed by early July, 1986. After completion

of the technical review, the two NN staff members again returned to their original NARA
duties.

The three technically qualified bidders were then requested to provide cost proposals. In this
second stage, two out of the three qualified firms submitted cost bids. The bid opening was
held in mid-August 1986, with the successful bidder being the lowest priced, technically
qualified offeror, System Development Corporation (SDC) of Camarillo, CA. SDC was a
relatively autonomous entity within the Burroughs Company. Following contract award,
Burroughs and Sperry merged to form Unisys. SDC became a part of the new corporation,
and the contractor was thereafter referred to as Unisys.

Prior to actually signing the contract, a government site visit to the Unisys facility in
Camarillo, California was required. This visit verified SDC’s in-house capabilities to perform
the mandatory contract requirements successfully. The ODISS contract was officially
awarded on September 8, 1986. The contract stipulated a one year duration for ODISS
delivery and installation.

Project related activities began in earnest following contract award, for both NARA and
Unisys. Now that the contract was in place, NARA had to ideatify a suitable ODISS
installation site within the main NARA building. Several areas were examined prior to the
final decision. Ongoing conferences between Unisys and NARA project staff focused on
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facility and workflow issues. NARA staff also evaluated workstation furniture needed to
support the ODISS equipment. The General Services Administration was responsible for
preparing architectural and construction drawings for the ODISS room. These drawings and
construction specifications were used in the award of a contract for ODISS site modifications.

In late October 1986, a systems requirements review (SRR) was held in Camarillo, California.
This review was required as part of the-original contract specifications, allowing Unisys to
define and present a systems concept before formal development was started. The SRR was
intended as an informal review process, with discussion of preliminary plans for software
design, hardware configuration, a work schedule, and equipment installation and site plan
information. This meeting was useful for Unisys to raise issues/questions about some of the
mandatory requirements, and for NARA to evaluate Unisys’s technical response to them.

A Critical Design Review (CDR) was held in mid-December 1986. This two day meeting was
held at NARA to allow Unisys to present their understanding of the contract requirements
and their planned technical approach to the ODISS project. The CDR also ensured that the
detailed design solution and associated implementation plans and schedules satisfy the
contract specifications. Project deliverables required at the CDR included a system functional
description, a hardware description, and a software description.

Following the CDR, Unisys continued to work on the system development in Camarillo.
NARA ODISS staff members-were occupied with monitoring the facility construction, ordering
ODISS workstation furniture, and reviewing Unisys technical submissions. Unfortunately,
due to delays in equipment from subcontractors and other problems, Unisys was unable to
deliver the system on time. Extensions of the delivery date had to be granted, and in late
1987, the government monitored the contractor’s progress with a series of almost daily
conference phone calls.

One of the contract clauses stated that prior to delivery, Unisys was required to demonstrate
through a factory acceptance test (FAT) that the ODISS system met all technical
requirements. In January 1988, Unisys notified the government that it was ready for the
FAT. ANARA team composed of NSZ and NA officials travelled to the contractor’s test site
in Camarillo, California, on February 1-5, 1988. A factory acceptance test plan prepared by
Unisys was used during the testing process, but due to system problems, Unisys. failed to
mect many essential requirements. Following this, the company was given more time for
system development and checkout. A second factory acceptance test was held May 16-20,
1988. Although Unisys'’s performance was significantly improved in this second test, Unisys
was again unsuccessful in meeting all of the NARA’s technical requirements.

After the second factory acceptance test, it became clear that Unisys was unwilling to spend
the additional time, money, and other resources necessary to satisfy all of NARA’s technical
requirements. The ODISS system at this point was deficient in page-to-page display and
hardcopy printing speeds.

This left NARA with two choices. NARA could accept a reduced system from Unisys.
Alternatively, it could find that the contract was defaulted and compel Unisys to pay for
acquiring a system from another firm at some uncertain date in the future.

After much internal debate, NARA decided that although the Unisys system did not meet

every original requirement, ODISS could siiil be used to conduct the research originally
planned. In negotiations with Unisys, the government agreed to accept the lowered printing
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speed capabilities, but exacted a price from the company. These costs also included direct
costs for late systemn delivery and NARA FAT test expenditures. The method of payment was
altered to make Unisys.share more of the risk of a reduced system; two progressive levels of
performance reliability (879 and 92%) were set that the installed system would have to meet
over successive 30-day time penods before Unisys would receive full payment. Unisys had
to accept a $175,000 reduction in the total contract price, which lowered the final contract.,
cost to NARA -about 18%.

The ODISS equipment ﬁnally was installed at the National Archives Building in July, 1988.

A team of Unisys engineers and programmers also came to observe how the system
performed, and they worked to correct many unanticipated difficulties that surfaced in the
system’s first production operations. Over the next few months, NARA and Unisys personnel
often worked extended hours and weekends to solve problems that caused frequent system
crashes or otherwise impeded system functionality. This effort paid off when the system was
able to pass both levels of reliability tests. Unisys passed the 87 and 92 percent performance
levels, and subsequently received the remaining contract funds due. By late November, 1988,

the only Unisys person still on-site was the equipment field engineer technician, providedfor
one year under the contract.

ODISS subsequently ran-smoothly in most respects most of the time, with Tennessee Cavalry
CMSR conversion efforts continuing to progress under the direction of both NN and NSZ.
CMSR conversion continued with NN staff performing the required operations activities. In
spite of reliable system operation, a performance deficiency in throughput speeds became
apparent.

ODISS operations were structured around:file and block open/close parameters. For every
operation, such as scanning, indexing and quality control, a file must opened, processed and
then closed. File manipulations require computer system processing time. The original
NARA estimate was fifteen images per CMSR file. As it turned out, the average file was
closer to four images, with many reference cards containing only single images.

Unisys designed ODISS to ~vork most efficiently when processing files containing multiple
images. When presented with substantial numbers of files with only a single or a few
images, production throughput delays were experienced. This was due to the operators
having to wait for the system to complete routine file opening and closings. This deficiency
was directly linked to the design of the System Manager and was unrelated to the scanning,
digital imaging, or optical disk subsystems. The resultant lower than anticipated daily
conversion throughput rates are not indicative of digital imaging systems in general.
Corrective actions to improve the file processing cycle rates would have required
modifications to ODISS.

The file conversion production shortfall raised concerns about the ability to complete the
Tennessee holdmgs in the timeframe originally planned. It became obvious that the ODISS
would require much longer to complete the conversion than had been previpusly expected.
Although the ODISS production staff and the individual conversion equipment items were
capable of faster speeds, they were collectively slowed down waiting for the computer system
to service the file openings and closings.

In March 1989, Unisys, which was aware of the problem, submitted an unsolicited proposal

with technical approaches for improving file processing. Following a series of discussions,
NARA management from NN and NSZ decided in May 1989 that, since all testing goals
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involving capture of the CMSR sample had already been achieved, cessation of the production
operations would have no adverse effect on the project. The primary point in this
determination was the fact that the Tennessee records were all very similar, and further
conversion of that set of holdings would add little to the knowledge, experience, and statistics
already accumulated. Consequently, CMSR conversion was terminated with completion of
the Tennessee Cavalry records which contained approximately 54,000 files. The Tennessee
Artillery and Infantry records were not converted.

The NN staff hired especially for ODISS was subsequently released to other duties
throughout NARA. In following the project test plan, ODISS was used after that point for
testing and accumulating data from the conversion of ad hoc, non-CMSR records from
broader NARA holdings.
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3 EXISTING NARA PROCESSES AND TECHNOLOGY UTILIZATION

Paper has historically been the predominate medium for creation and retention of the federal
government’s textual records. The vast majority of NARA’s holdings are paper records in
various physical conditions. Because of preservation requirements, storage space limitations,
and related costs, the government’s use of microfilm has increased over time. In order to
provide a better understanding of NARA’s current use of paper and microforms, this chapter
describes the historical growth and current applications of these two media.

3.1 Paper Records

For many centuries, paper has been the primary medium on which people have recorded
information. Even today, despite the rapid growth of electronic information systems, paper
remains the most common medium for storing and transmitting information. While some
ADP enthusiasts prophesy the paperless office, automation typically has added more layers
to-an already well-papered world.

3.1.1 Physical Characteristics

The National Archives of the United States (NARA) is acutely aware of the prevalence of
paper as the key information storage-medium so far in human history. The historical records
of the United States government preserved in the Archives are predominantly paper-and,
although only a small part of the huge quantity of papers generated by the large federal
establishment, these archival holdings are voluminous. According to a 1985 study for
preservation planning,”® the records included over three billion pieces of paper. These 3
billion pages took up about 1.35 million cubic feet of storage space. The paper records in the
Archives have increased steadily and by 1989 have grown to 4 billion sheets occupying
1,553,907 cubic feet.

A substantial portion of these paper records is in jeopardy of deterioration and eventual
disintegration. The 1985 preservation study estimated that 160 million pages already have
suffered major damage, 100 million pages are subject to damage by frequent use, and 270
million pages of 1940’s to 1960’s "quick copy" stencil, Mimeograph and Therma-Fax
d_ocim}elnts are deteriorating rapidly. The study concluded that 530 million pages are "at high
risk of loss."

The 1985 study reported the results from a statistical survey of various characteristics of the
Archives’ paper holdings. The records include an estimated 950,000 bound volumes, which
are 12.6% of the total volume in the survey. Two thirds of the paper is letter or legal size,
about 10% is smaller and about 12% is larger. Many pages have more than one kind of
imprint since 39% contain handwriting, 45% have typing, and 40% have printed text. About
36% of the pages have colored inks, and 8% are brittle. Only about 0.5% have faint images
that are hard to reproduce, but this would still be about 15,000,000 pages out of the 3 billion
in the Archives at the time of the survey. Fortunately, only 0.11% of the pages are so
damaged that they have suffered actual loss of information.

U8 National sirchives And Records Service (NARS) Twenty Year Preservation Plan (NBSIR 85-2999; 1ssued

January 1985).
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3.1.2 Administration of Permanent Records

The-basic mission of the National Archives is to preserve the federal government’s records
of continuing-value and to:make the records accessible to historians, genealogists, and other
researchers. Records are made accessible through description' and reference service.
Description involves the preparation of various kinds of lists, inventories, and subject guides
that help researchers find the records pertinent to their interests. Reference service means
not only making original paper records available for examination at NARA facilities but also
answering verbal and written inquiries:about the records. It also involves providing copies
of the paper records to résearchers for fees.

The paper holdings of the Archives are under the jurisdictions of two major components --the
Office of Presidential Libraries (NL) and the Office of the National Archives (NN). NN is
much the larger in terms of both holdings and volume of reference service. For example, in
fiscal year 1987, the nine presidential libraries under NL received 7,521 research inquiries
and 10,425 researcher visits, while NN’s Washington facilities and eleven field offices
received 643,164 research inquiries and 206,645 researcher visits. In FY 1988, NL’s 9,022
researcher inquiries and 12,233 daily researcher visits were much below NN’s 514,083
researcher inquiries and 207,921 visits.#

‘The major preservation effort for paper records is the holdings maintenance program of the
Office of the National Archives (NN). Recommended in the 1985 Archives twenty year
‘preservation plan, holdings maintenance entails removing harmful fasteners, placing
especially fragile documents in polyester jackets, and moving records into acid free folders
and boxes. A laboratory in NN’s Document Conservation Branch monitors- the acid free
quality of archival containers, conservators train staff in the proper preservation actions, and
a new Holdings Maintenance Branch has been established to implement the program. In
fiscal year 1987, more than 81,000 cubic feet received holdings maintenance action. In FY
1988, holdings maintenance actions were taken on 121,000 cubic feet.’5"

In addition, the NARA microfilming program produces microfilm publications- of valuable
records for both preservation and reference purposes. Microfilming can serve preservation-
-goals-by replacing the originals with film copies for researcher use and thereby saving the
originals from the wear and tear of publi¢ handling. Microfilming serves reference goals by
making multiple copies of the records available through purchase or use in the several NARA
research rooms around the country. There are over 2000 NARA microfilm publications. In
1987,( ;41? more with 2,279 rolls of film were completed, and another 16 were completed in FY
1988.

U9} 1987 Annual Report of the National Archives, pp. 385, 100, and 1988 Annual Report of the National

Archives, pp. 31, 98.

150V 1987 Annual Report of the National Archwes, p. 62, and 1988 Annual Report of the National Archives,

p. 59.

61 1987 Annual Report of the National Archives, p. 35, and 1988 Annual Report of the National Archives,

pp. 31, 103.
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3.1.3 Document Preservation and Conservation

NARA developed a "20 Year Preservation Plan" for textural records treatment based on
studies conducted by the National Institute of Standards and Technology (NIST).*” One
study. identified preservation needs and costs of current holdings, while a second study
defined environmental standards for records storage conditions. Holdings maintenance is a
key facet of the plan involving document flattening and placement in acid-free file folders and
boxes, removing rusted staples and other fasteners, placing selected records in protective
polyester sleeves, preservation copying, and treating weakened bindings. Although this costly
process will meet the needs of many of NARA’s holdings, many other historical documents
will continue to deteriorate. This results-from the sheer volume and advanced age of the
documents which date from-the beginnings of our government. Contributing to this problem
is-that over the years, many documents were mishandled and improperly stored prior to
NARA’s creation. Prevention of this continued deterioration is a major goal of NARA’s five-
level preservation program approach:

Controlled environmental storage conditions

%  Correct diagnosis and application of the most suitable archival conservation
techniques

# Limited, careful document handling by researchers and conservator staff to minimize
any further degradation

# Holdings maintenance activities
#  Production of microforms of fragile and frequently requested documents

Microfilming and electrostatic photocopying technologies are used to recopy rapidly
deteriorating documents. Maximum longevity can be achieved by storing documents under
totally secluded conditions, where they remain undisturbed by researchers orstaff. Extensive
alterations to the National Archives building are required to meet the environmental
standards outlined in the NIST studies. Storage without natural or artificial light in acid-
free enclosures with the proper temperature-and humidity conditions is also mandatory.
Applying this approach to all documents in NARA custody would virtually eliminate records
usage, which countermands NARA’s policy of records accessibility.

For documents needing special conservation treatment, NARA maintains a conservation
facility Time consuming and labor intensive techniques limit the quantity of documents
receiving conservation treatment. In compliance with the 20 Year Plan, NARA augmented
the Document Conservation Branch designed to treat deteriorating holdings. Additional
NARA conservation staff possessing skills and diligence to undertake the meticulous tasks
of document repair and reconstruction were hired. Also, modern conservation and analytical
equipment was installed in NARA’s laboratory. The professional staff also now ensures that
documents receive optimum care during exhibit display at NARA and other institutions.

1521 At the time the "20 Year Preservation Plan” was developed, NIST was known as the National Bureau of

Standards (NBS).
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3.14 Réirieval And Finding Aids

Logcating the-right textual records for a-researcher involves using a collection of tools called
finding aids. These include general subject guides that cover the specific groups of records
related to broad topics, preliminary inventoriesthat give series descriptions for the records
of a single federal agency, and box er shelf lists that give the physical locations of records in
‘he archival storage rooms or "stacks.” The guides and inventories usually have subject
indexes, but the subject terms are often fairly general.

Some-of the NARA prepared finding aids direct the researcher to the records of specific
évenis, Most guide the searcher.to the general location in the records where it is most likely

that pertinent information can be found by the researcher making a box by box, file by file,
‘page by page review. Very few finding aids to textual records take the researcher directly

to the item level and the appropriate document. Such detailed item-level indexes typically
are available only if they were developed by the government agency that created the records
and then were:transferred with the records to the Archives.

Work has begun to develop an archival database for retrieval of the records. The Office of
the National Archives Las defined requirements for an Archival Information System
(AIS).5Y Ss far, however, automated reference is only a concept. A pilot to tect the design
concepts for AIS is being undertaken, but the outcome of the pilot lies somewhere in the.
future and full autcmation is even more distant. Meanwhile, the ODISS research test is the
first implementation of automated indexing and retrieval of records at file level.

3.2 NARA Micrographics Policy and Operations

The National Archives has extensive experience with micrographics technology for document
image storage. Dating from the early 1940’s, NARA has microfilmed historic records for
reference, distribution, and preservation. Years of production experience reinforce the fact
that a quality microform productis a labor intensive process with inherent time, materials,
and personnel costs. Large scale document conversions are significant financial
commitments, and are affected by federal government budget constraints. Microform
publications product sales and cost recovery potential are important NARA planning issues.
Preservation microfilming, while still necessarily concerned with costs, employs time
consuming operational techniques involving document conservation, precision image capture,
film processing, and quality inspection criteria. Over the years, NARA has amassed a
formidable collection of microforms through original filming and agency records accessions.

3.2.1 Evolution of Micrographics in the National Archives

The National Archives was a pioneer in federal government records microfilming. Even
during NARA’s formative years, the need for space reduction in records storage became
apparent. World War II boosted microfilm applications due to increased records security
concerns. Other government agencies began microform programs during this time, with
many of their film products gradually acquired by the National Archives.

631 Automat on in the Office of the M tional Archives and the propused features of AIS are described in

NARA’s 1988 annual report on pp. 55-56.
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Archival application of micrographic technology is a prime NARA concern, due to the many
documents required to be preserved forever. Problems with paper deterioration, storage
conditions, physical handling abuse, and pilferage all contribute to the need for alternative
preservation techniques. Silver halide microforms processed and stored under archival
conditions’™ offer long term information storage. Original paper records can remain stored
and undisturbed, while the information content is still available to interested researchers.
Dup'icate microforms are routinely distributed to NARA branches to service the information
needs of researchers throughout the country.

3.2.2 Role in Records Storage and Preservation

NARA'’s storage of paper, film, photos, video, and maps is constantly expanding, as are the
ever increasing access requests to this huge information data repository. In spite of retaining
only approximately three percent of federal government records, NARA must accommodate
increasing records holdings. Micrographics has historically offered greatly increased storage
compaction over traditional paper based information systems. Microforms can save up to 98-
percent of the physical storage space required by paper files. Once captured on microfilm,
images are readily available for researcher use, and the rolls can be easily duplicated for
information .distribution to other user sites. Original records can be safely stored under
archival conditions, protected from handling degradation, while the microforms are viewed
and printed -using suitable retrieval equipment.

Since the beginnings of NARA’s microfilming efforts, NARA has amassec approximately one
half million microfilm rolls, not inciuding classified or accessioned microforms. This film
repository has produced cost savings by reducing the storage space requirements, and
facilitating a self-service type reference system for popular records series. Public and
professional researchers are able to search records such as Civil War records, ship’s
passenger logs, Census records and many other popular genealogical holdings with minimal
staff assistance. Permanent retention and preservation of NARA master microfilms is
accomplished under carefully -controlled security and environmental conditions. When
additional film copies are needed, printing masters are used to produce the required copies.

3.2.3 Administrative Management

Administratively, microform production is under NARA’s Preservation Policy and Services
Division (NNP). The Special Media Preservation Branch (NNPS) oversees photography

54 Standards for film processing:

ANSI IT9.1-1989, American National Standard for Imaging Media (Film), Silver-Gelatin Type;
Specifications for Stability; 1989; American National Standards Institute, 1430 Broadway, New York, NY
10018 )

Standards for microfilm storage conditions:

ANSI PH1 43-1985, American National Standard for Photography (Film) Processed Safety Film Storage;
1985; American National Standards Institute, 1430 Broadway, New York, NY 10018

ANSI IT9.2-1988, American National Standard for Imaging Media. Photographic Processed Films, Plates,

and Papers Filing Enclosures and Storage Containers, 1988, American National Standards Institute, 1430
Broadway, New York, NY 10018
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(NNPS-P) and duplication sections (NNPS-D). NARA’s original document microfilming,
.processing, and duplication functions are staffed with personnel especially trained in those
operations. NARA’s micrographics systems include cameras, film processing, inspection
workstations, ard silver film duplication. Roll film duplication is located at the NARA Annex
-on South Pickett Streetin Alexandria, Virginia, and supports high-volume film duplication,
film processing, and-quality control inspection operations.

3.24 System Operations

NARA maintains an equipped and staffed in-house micrographics capability to handle a
variety-of original document filming and duplication requests. Original source document
filming requires a series of interrelated administrative and production steps. A customer’s
microfilming request is received and logged in, followed by an archives technician pulling the
appropriate records holdings. The documents and order form are submitted to the microfilm
" section, where the job is logged into the service order system. After the documents are
provided to the camera area supervisor, equipment and film formats are selected based on
customer requirements. A microform camera technician operates the camera system
according to prescribed procedures, feeding the documents one by one until the batch is
completed. The exposed, undeveloped microfilm is removed from the camera, and sent to the
film lab for developing and technical quality control inspection. Following this step, the
developed films returned to the camera area for inspection. Any defective imagery is noted,
and documents reshot as required for splicing.

NARA procedures require the production laboratory to inspect film products for technical
qualities, while information content verification is the responsibility of the custodial unit.
Microfilm copies are printed and subsequently developed as required. Microfiche production
conforms with-these operational steps, with the added procedure of cutting the 105mm rolls
into individual microfiche following processing and duplication. After labelling and boxing
the film(s), the request is logged out of the camera area tracking systems. The requesting
custodial unit is notified to retrieve the original documents and completed microfilm. The
custodial unit’s archives technicians and supervisory archivists inspect the order for quality
and completeness. For outside billable requests, orders are processed for payment and
packaged for customer delivery.

Customer requests for film duplications follow similar paths, except that instead of pulling
original documents that require microfilming, print film masters or original camera films are
retrieved. The use of printing masters is preferable, since the original camera master films
can remain in secure storage. Depending on microfilm format and request volume, the
masters are duplicated in either NARA’s camera master processing lab or at the Pickett
Street facility. Microfiche duplication is periormed in the main building’s film processing lab,
since this facility has equipment to handle the wider film format.

The Pickett St.-eet facility duplicates 16mm and 35mm roll films. Masters are duplicated on
positive or negative silver halide materials. The duplicates are quality checked and delivered
to the custrdial units for order fulfillment.

3.24.1 Camera Area Operations and Productioun Statistics

Microfilming throughput rates are affected by document characteristics. NARA owns several

high-speed mechanized transport cameras, but they were determined to be hazardous for
many of NARA’s aged records holdings. Fragile, deteriorating documents and bound volumes
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are not.suitable for the high speed microfiimers. NARA determined that these mechanized
camera systems are most useful for index and similar cards which are printed on durable
paper stock, or more modern: 8:5" x 11" inch standardized office documents. Most NARA
documents are microfilmed:-using manual feed planetary camera systems.

Although this has not always been the case, microfilm production is now under NARA’s
production standards program. The camera area supervisor assigns a microfilm production
job to a camera operator. Production rates are based on the varied document physical
ch-racteristics and the camera type. Operator rates range from a low of 994 images up to
2,351 images per day for flat work.®™® This variation is due to document conditions and
needs for special handling. The lower rate is for documents individually filmed under a glass
platen. The higher rate is for totally prepared documents in good physical condition.

3.24.2 Film Processing Operations and Production Statistics

NARA uses silver halide materials for both microfilming and film duplication. Silver films
require- carefully controlled chemical development to create consistently high quality,
permanent images. NARA has table top and deep tank processing equipment for low and
high volume film throughput speeds. Exposed microfilms are delivered to the processing lab,
where a trained technician is responsible for operating and maintaining the equipment. This
station requires careful monitoring of processing speeds, temperatures, and chemical
solutions. Each roll has a leader attached, followed by automatic film travel through the
processor’s transport system. NARA owns a tabletop processor for 16mm and 35mm films,
and a larger floor-standing unit for 105mm film widths. Each developed roll is examined for
density, contrast, resolution (sharpness), image placement, and physical defects such as
scratches and’other visible problems.

As required, the processing lab also produces all silver microfiche duplicates, and occasional
roll film duplicates. Automated printers expose silver direct and negative film duplicate
materials. These print films require more frequent processing chemical changes due to the
residue buildup in the development solutions.

The camera master processing station operates at the equipment rated speed. For example,
the table top processor runs at 10 feet per minute. Station throughput is affected by chemical
preparation, equipment warm-up, calibration, and area clean-up activities. Daily film
processing rates are 24 rolls of 35mm film, and 39 rolls of 105mm film, which may be
accomplished concurrently, The processing technician also inspects 16mm and 35mm
microfilms at 20 rolls per day, and 24 (50 feet capacity) rolls of uncut microfiche per day.*®
Silver duplicate microfiche production, under the NNPS production program, requires a daily
minimum of 702 cut fiche, and 78.rolls of 105mm film duplicated per day.

3.2.4.3 Quality Control Operations

Mgnitoring product quality is a vital part of microform systems. Microform production
requires maintaining precise tolerances in order to conform with industry guidelines and
Federal Property Management Regulations (FPMR). Experience has shown that microform

5] Production rates from NNPS Production Standards guidelines.

58] production rates from NNPS Production Standards guidelines.
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systems which fail to implement an adequate quality assurance program suffer inferior image
quality-and loss.of vital decument information. ‘

NARA’s microform inspection procedures combine technical and content verification. The
processing technician performs a technical inspection of the processed microforms
immediately following film development. NARA’s micrographic technician uses precision
measurement tools to. evaluate the film products for exposure, development, and image
quality. This permits the technician to examine not only individual film rolls, but also to
monitor camera station equipment and operations. This technician observes trends in film
output qualities, and makes recommendations regarding corrective actions when problems
occur. Quality problems can include incorrectly exposed or blurry images, erroneous camera
reduction settings, and physical defects such as film scratches.

The custodial unit is ultimately responsible for conducting informational content verification
of microfilm or microfiche. NARA Microfilm Publication Procedures NN 88-01 specifies the
extent of inspection required, which ranges from one hundred percent image-by-image
comparison against original paper documents, down. to sampling of images with reference to
paper documents only to resolve questions. The specific verification level is determined by
the archivist in charge, and is typically specified in the filming instructions for the records
series. Tmage rejection will result in pulling and reﬁlmmg affected pages. The refilmings-are
then developed, and spliced into the master rolls-in correct chronological order. Defective
‘microfiche are-usually replaced as nosuitable procedure exists to replace individual imagery.

Quality control must be applied to all system production steps, including microfilm duphcates
-and hardcopy output.

NNPS has a published set of quality standards, which define the major categories of filming
errors. This document specifies the number of errors per roll allowed, which currently results
in an estimated two percent rejection rate’®

3244 Testing and Storage Requirements

NARA produces camera master microforms in conformance with FPMR requirements.
Methylerie Blue chemical analysis precisely determines the amount of residual thiosulfate in
film emulsmns, which correlates to the archival life of silver halide microforms. Archival
testing ig done in the Research and Testing Laboratory (Room B-3) twice weekly, with films
being rewashed and retested when they do not meet specifications. NARA’s film processing
technicians waintain logbooks with detailed test results, augmented with processing chemical
and water supply data.

Endurance of micrographic quality depends on several factors, including the film’s chemical
stability, and processing and storage conditions. Film emulsion stability is determined
during the manufacturing process, while developing and storage conditions are under user
control. User copies exposed to continual handling suffer from dirt, abrasion, fingerprints,
and contamination with foreign matter. Due to these conditions, film copies such as those
maintained in NARA’s Microfilm Reading Room cannot be considered candidates for long-
term preservation. Microfilm intended for permanent preservation requires proper
processing, minimal handling, and appropriate storage. Archival microforms must also be

67) Betimated NN image reject rate as of March 10, 1989.
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provided with fire protection; water protection, humidity control to eliminate fungus growth,
elimination of atmospheric contamination, and theft protection.

Guidelines for long term storage® include:

% Lessthan 0.014 micrograms of residual thiosulfate per square centimeter remaining
in the film emulsion

# Temperature below 68 degrees, relative humidity of 15%-40% for cellulose base silver-
films

# Air conditioning with positive air flow, free from airborne gases, dirt, and other
contaminants

Although archival microfilms should be kept under these conditions, reference films have
more environmental flexibility. An ongoing film inspection program, based on a statistical
sampling plan, is also recommended for permanently stored films.

NARA utilizes the facilities of National Underground Storage, Incorporated located at Boyers,
Pennsylvania for long-term storage of master silver halide camera negatives. Boyers is a
rural area of western Perinsylvania, approximately 55 miles north of Pittsburgh. Situated
220 feet beneath the surface of a mountain in what was formerly an abandoned limestone
cave, the facility consists of huge rooms available for records storage. Each is-sealed off from
the tunnels and naturally maintains a constant 55 F year-round. Dehumidifiers keep the
relative humidity to the levels specified by customers. NARA’s microfilm storage room, for
example, is maintained at 30%.

3.24.5 Duplication Operations

NARA camera masters are stored under archival conditions, while users are provided
durable, but easily replaceable microform copies. Depending on customer requirements and
original film format, the duplicates can be positive or negative polarity in 16mm or 35mm
rolls, and 105mm microfiche. NARA’s Special Media Preservation Branch (NNPS-D), which
operates at the Pickett Street Annex, generates over 10 million linear feet of duplicate
microfilm each year. New processing equipment was installed {o help with these massive
duplication requirements. NNPS-D’s printers operate in a roll-to-roll mode using large-
capacity master and print material supply reels.

NARA’s duplication workload fluctuates based on customer requests, in addition to ongoing
large holdings conversions. Camera master negatives are retrieved from Boyers when a
printing master does not exist. Since this operation puts the films at risk, NARA staff
creates printing masters of unduplicated films as time permits.

3.24.6 Production Problems

Any large scale production operation which involves complex, precision equipment is
susceptible to a variely of systemic and/or routine problems. Micrographic systems are no
exception, and in spite of the best efforts many systems operate with inherent deficiencies.

58] Refer to Footnote 54.
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Thesé can involve areas such as: personnel, operations, -equipment, facility, and product
quality. NARA also is susceptible to problems, examples of which include:

#% Interrupted workflow patterns due to absence of integrated production workspaces

# Need for upgraded and/or replacement microfilm equipment, some of which is
antiquated

# Requirements for increased controls over facility power, water, temperature, and
humidity

3% Improvements to the microform supply cold storage area
% Need for creating print masters for all camera rolls stored in Boyers, Pennsylvania

NARA intends to correct these deficiencies in the new Archives II facility. NARA staff
continue to produce quality microfilm products which meet-applicable specifications in spite
of these obstacles.

3.24.7 Document Handling Considerations During Conversions

NARA uses -microfilm to protect fragile high-use and intrinsically valuable documents from
repeated reference handling damage. Document conversions are conducted with minimal
damage to the original records. A close working relationship between the conservation lab
.and the production facility is vital when planning a major conversion project. Holdings
preservation is necessarily concerned with careful handling of brittle, aged documents, since
it is difficult to justify any conversion project if the process itself causes document
deterioration. This is an ongoing dilemma for both microfilm and digital imaging systems.
The capture station equipment has to be gentle with archival documents, while maintaining
a reasonable throughput rate. Automated document handling systems have evolved over the
years, in attempts to achieve true high speed processing with negligible document wear and
tear.

Although it may not be possible to manufacture a microform camera or digital scanner which
can absolutely .guarantee that no document will ever be damaged, degradation can be
minimized if some degree of caution is exercised by equipment operators. Documents which
appear to be excessively delicate, or of unusual size or binding characteristics, should be
captured at a low speed station.

3.2.5 Information Retrieval from Microforms

The preceding sections focus on microform production within NARA. An entirely different
aspect is actual microform utilization. Information retrieval using NARA microforms
involves: searching the available index data to identify information location; locating the
desired image in the microform repository; and, image viewing and/or printing using NARA’s
‘microform retrieval equipmeat. The following sections describe NARA’s microform reference
operations and data retrieval considerations.
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'3.2.5.1 Utilization for Research

This section describes the typical steps facing a researcher interested in using the microform
holdings in the main National Archives building. There are several broad categories of user
groups, ranging from professional researchers performing client searches and academic
researchers conducting scholarly analysis-to novice genealogists just beginning to learn how
to trace their progenitors. Since researcher skill levels vary widely, NARA’s staff and
operational procedures are organized to support the needs of these diverse groups. A major
NARA mission objective is to maintain and make available to researchers the permanently
valuable records of the federal government. These records were originally accumulated
during the normal course of government business, and were not specifically created to aid
users- searching for ancestral information. Original paper records may be provided when
microfilm copies are not currently available. NARA maintains two facilities in the main
building: a Microform Reading Room on the fourth floor, and a.Central Research Room on
the second floor.

The Microform Reading Room contains more than a hundred thousand microfilm rolls, and
the Central Research Room allows access to original records retrieved by Archives staff. It
should be noted that the National Archives has other research facilities: eleven regional
archives branches strategically placed throughout the country, fourteen records centers, and
eight presidential libraries. NARA recently broke ground for a new Archives building on the
University of Maryland campus in College Park, Maryland.

A typical search day begins at the front desk of the Pennsylvania Avenue entrance.
Researchers must sign in at the guard’s station, and undergo a security search of their hand
carried items. Researchers who require an identification card are directed to the second floor,
where a NARA staff member performs the identification and verification process.
Researchers planning on using only microform records may proceed unescorted to the fourth
floor research area, where a continuing audio visual presentation is available to visitors.
This show provides a brief introduction into the National Archives, its genealogical holdings,
and how to proceed with records utilization. Visitors can also discuss their information needs
with NARA volunteer staff aides in that area.

Researchers log in upon entering the Microfilm Reading Room. NARA staff are available to
describe available microform holdings and provide instruction in room procedures and
retrieval equipment operations. Since this facility is primarily a self-service operation, the
researchers at this point are generally on their own. The vast majority of microforms in the
Reading Room are 16mm and 35mm roll films, wound on plastic reels and stored in protective
cardboard boxes. Limited search aids exist for some of the filmed records, while others
require manual search efforts based on all known search criteria. With the microform
identification information in hand, the researcher then retrieves the required microfilm if
that film roll is correctly filed and not in use.

The user then selects a film viewer on a first-come, first-served availability basis. NARA’s
roll film viewers are manual hand cranked models, requiring film threading and adjustments
for image focus. A researcher would typically wind slowly through a film roll, stopping
occasionally to determine the proximity to their desired image. Once the target images are
located, researchers carefully peruse the images to determine if it contains the desired data.
If no other images of interest are contained on that roll, then manual film rewinding onto the
supply reel is required. The researchers are responsible for returning the reboxed films to
the correct storage cabinets.
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If needed, -paper copy-prints from microfilms are available to researchers by purchasing a
"fare card" from an-automated dispenser. The researcher proceeds with the microfilm and
fare card to one of several viewer printers in the Reading Room. Prints are produced on
demand at the push of a button, followed by rewinding and return of the microform to its
storage location. When finished, the researcher returns to the guards’ desk at the main
-entrance on the.ground floor for-a search of personal belongings prior to exiting the building.
See Figure 3-1 for a graphic illustration of the researcher activity workflow.

Research can be time-consuming, requiring patience to deal effectively with the existing
procedures. Development of effective search technique skills requires practice and hands-on
experience. Not all search sessions are successful, and many times result in discovering
additional search avenues to investigate rather than obtaining the desired complete answers.
Depending on the extent of the:search and information needed, a researcher may examine
several large record holdings to gather a more complete picture. For example, ships
passenger lists are useful in verifying when an individual or family arrived in a major
American port city. Census-records are useful for determining more detailed information
about housing and family member issues. Unfortunately, a researcher is not able to go toone
single NARA index source or computerized workstation search system. Much of the search
time is spent in trial and error. Indexes and other finding aids for series relevant to
genealogists are often incomplete, and researchers themselves frequently possess only limited
personal information on which to-base searches. Repeated searches are often required. The
most successful researchers are typically those who already know a great deal about the
search topic of interest.

3.2.5.2 Image Quality Considerations

Image quality for much of the microfilm in the Reading Room is marginal. Due to the age
and extreme high use, many rolls contain excessive scratches, blurry images, low contrast,
and other problems. Many of the raaster films were created prior to installation of modern
production equipment, and poor document quality also contributed to the challenging
microfilm task. This image quality problem makes the typical researcher’s job more difficult,
as more time is required to decipher the image content. Hardcopy prints produced from the
films are frequently of less then optimum legibility.

3.3 CMSR Reference

This section describes the existing reference activities for the compiled military service
records.

3.3.1 Reference Activity

Reference service for the compiled military service records falls under NN's General
Reference Service Branch (NNRG), and it is performed by the Pension and Military Service
Records Section (NNRG - P).®® This branch handles both mail-in inquiries and requests
from visitors to the National Archives Building. While requests from public visitors
approximate 300 to 400 per day, detailed staff productivity statistics are not maintained
about reference work for the walk-in public.

69 The discussion of the CMSR reference activity 1s based on data provided by Tod J. Butler, Chief of the

General Reference Service Branch (NNRG), during a meeting on June 15, 1989.
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However, the staff performing reference work for the inquiries received by mail must meet
production standards-and their pay is based on their production rates. Because the work is
assignedin standard batches and the time spent on each batch is monitored, detailed statis-
tics are available for reference work to answer mail-in CMSR inquiries.

3.3.1.1 Staff and Organization

The CMSR reference work is divided between three groups. Within NNRG, one group of
-archives technicians performs searches to answer the inquiries. If the search is successful
and a file is located, the technicians pull the file and turn the package over to a second group.
This second group makes copies of the file. The inquirer is notified by mail that a file has
been located and that, after NARA receives payment, copies of the most significant documents
in the file will be sent. The third group is the mail room staff that keeps the copies until
notified of NARA’s receipt of payment and then mails the copies to the requestor. A substan-
tial number of copies are never claimed with a resultant loss of staff and supply costs to
NARA. A flow chart of the CMSR mail-in research process is shown in Figure 3-2.

3.3.1.2 Walk-in Public Reference

In additionto the mail-in CMSR requests, researchers come to the National Archives building
to search the CMSR records. Some of the records have been microfilmed and researchers
must use the film of these records, which is available in the Microfilm Reading Room. Other
CMSR records have not been filmed, and researchers are provided with these original paper
files in the Central Research Room on the second floor.

Researchers generally start their searches for CMSR files by reviewing microfilmed indexes.
In some cases when the indexes lead to microfilmed rccords, the researcher uses the
microfilm in the Microfilm Reading Room. Although NARA staff provides some assistance,
this microfilm research is chiefly a self-service operation. Prints can be made by the
researchers on reader-printers, which are activated by fee cards bought by the researchers.
When the index search leads to CMSR files that have not been filmed, researchers fill out a
request slip. These are collected periodically by NARA staff, who locate the files and bring
them to the Central Research Room. The researchers examine the files and, if needed, make
copies at a self-service copier for a fee. The walk-in CMSR research activity is diagramed in
Figure 3-3.
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4 ODISS SUBSYSTEM DESCRIPTIONS

The Optical Digital Image Storage System (ODISS) was installed at the National Archives
in July 1988. This chapter of the report provides a basic introduction to the ODISS
-equipment configuration. For more detailed descriptions of the system equipment, software,
and operating procedures, refer to Appendix B on page 206. Photographs of the various
system components are presented in Appendix H which begins on page 360.

4.1 General System Concept

ODISS is a research test facility. The purpose behind its acquisition was to test the
suitability of digital image and optical disk technologies for the conversion, storage and
retrieval of archival materials. Based upon research test requirements, ODISS was designed
as three functional or production subsystems: conversion, storage and retrieval. The
conversion subsystem is responsible for creating, from a source document file, an indexed
temporary magnetic disk file of digital images. The conversion subsystem thus includes
image capture, indexing, and quality control, with the subsequent recapture and replacement
of defective images. The storage subsystem is responsible for the transfer of completed image
files from magnetic to optical disk. Within the digital imaging industry, this process is
generally called "archiving." The retrieval subsystem is responsible for database reference
.and retrieval of archived images. The retrieval subsystem thus supports query of the image
file index, screen display of query results, retrieval and screen display of images
corresponding to the query, and print-to-paper capability for both images and query results.

4.1.1 File Data Structure

Tennessee Confederate Combined Military Service Records (CMSR) were selected as the test
set of records for the primary ODISS conversion production test. Tennessee CMSR records
are arranged by regiment and company and thereunder by individual. All records
corresponding to an individual’s service in a particular company were originally filed in
jackets housed in Hollinger boxes. The arrangement of the CMSR source documents can thus
be summarized as follows: documents corresponding to an individual’s service in a regiment
are filed in jackets which are stored in Hollinger boxes. The storage of captured images in
ODISS follows-a parallel structure. Scanned images of documents are stored as data files of
individual service, and these files are grouped into blocks, corresponding roughly to the
contents of one Hollinger box. Like the corresponding source documents, ODISS Tennessee
CMSR images are indexed at the file level used to control storage and retrieval of images.

Also as is the case with the corresponding source documents, the ODISS Tennessee CMSR
index is maintained as a separate data file from the stored images. Completed images are
stored as image data on optical disk. Completed index entries are stored in database format
on magnetic disk, using Unify relational database software. Principal database entries for
each ODISS Tennessee CMSR file which control its retrieval include the name, company and

regiment of the serviceman, as well as the location on optical disk of the image file of the
service record.

4.1.2 Conversion
Conversion begins with source document preparation. Primary image capture by a high-

speed scanner follows. Captured images are indexed for later reference. Images are reviewed
fo: quality and the index for accuracy. Indexing errors are corrected immediately during the
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quality review process, and problem documents and the corresponding images are flagged for
rescanning. Rescanning of problem documents is accomplished by a low-speed scanner
capable of producing improved quality with problem documents, at a sacrifice in the total
time (i.e., throughput) required to scan the document and write the digital image to electronic
storage. Acceptable images are substituted for defective images in the serviceman’s electronic
file. During the conversion phase of processing, index data and all scanned images are stored
on magnetic disk.

4.1.3 Storage

The ODISS long-term storage system uses two-sided write once, read many times (WORM)
digital optical disks, stored in an autochanger (jukebox). WORM optical disks are so named
because they are not erasable. When blocks of scanned images are ready for long-term
storage, the images are written to optical disk. The first images are written to side A of the
first optical disk. When side A is full, it is copied to the first side of a second disk, creating
the backup copy. The backup copy is available for immediate reference use, while the first
disk is flipped to side B, and the archiving, or writing from magnetic to optical disk, of
completed images continues. When both sides of the first disk are full, its side B is copied
to side B of the backup disk, and the backup disk is stored in an alternate location. The first
disk becomes the primary retrieval disk.

414 Retrieval

The ODISS retrieval subsystem consists of two staff workstations and one public
workstation®, The workstations display both image and textual data. The latter consists
of instructions for searching the index database and displaying information retrieved from
it. A search of the index begins with entering information into any of the thirteen CMSR
search fields that include last name, first name, middle name, and code values (from
displayed tables), rank in, rank out, regiment, and company. Where information is not
known, the field is left blank and the search is made using only those fields for which
information is entered. When a file matches the search query, the file control number, index
information for all the fields, and the number of images in the file are displayed on the
screen. When there is no match, a message on the screen conveys this information. If
several files match the search query, all of the results are displayed.

File images are retrieved by executing a function key. Other function keys rotate the image
and enlarge the image through a zoom capability.

4.1.5 Duties of the ODISS System Manager

The ODISS operations staff included a system manager responsible for ensuring that all
system initiation and monitoring functions were coordinated smoothly from the initiate and
monitor subsystem. Both the personnel function and the system function came to be called
the "system manager." The personnel system management function is related most closely
to the operation of the three terminals, System Manager (see 4.2.5.1), CSE/ARS (4.2.5.2), and
Archive Control (4.2.5.3). These three terminals are located at the system manager’s station.
The person designated as the system manager is responsible for additions, deletions,

f601 Any image workstation (except rescan) is capable of serving interchangeably as an index, QC, or retrieval

workstation.
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inquiries, and modifications to various files on the system manager database. The system
‘manager could also delete files from magnetic disk-at the Capture Server Element terminal
or from optical disk at the Archive Control terminal. The system manager periodically
consults. information available from the three system manager terminals to determine
workflow through the conversion and storage system.

Imtlatlon of standard programs and production of routine reports are accomplished from the
system management terminal, Disk diagnosis is accomplished from the Archive Control
terminal. The system manager maintains a manual Archive Block Status Log, listing the
status.of all blocks between completion at the rescan station and final archiving to optical
disk. The system manager maintains all accounts of-file and block deletions from magnetic
disk, file deletions from optical disk, name list data-for partial blocks entered at the rescan
statlon, and test results from disk d.lagnos1s The system manager has charge of the final
preparatory acts pnor to an archiving of image files. The most important responsibility of
the system manager is the initiation of the final -archiving to.optical disk. The system
manager creates duplicate copies of optical disks, has general responsibility for the mounting
and:dismounting of optical disks, and does database backup daily, initiating backup from the
system manager terminal. ,

4.2 Hardware and Software Configuration
42,1 Major Subsystems

Conversion, -storage -and retrieval are accomplished in ODISS by a linked hardware
configuration. This configuration includes the following five hardware subsystems: capture,
workstatlon, archive, print, and initiate and monitor (system manager). The capture

subsystem is responsible for the scanning of documents, the temporary storage -of document
images, and the .storage of index data. The workstation subsystem is respons1ble for
indexing, quality-control and retrieval of documents. The archive subsystem is responsible
for the writing of completed blocks of images to optical disk. The print subsystem is
responsible for producing paper copies of images and query results. The initiate and monitor
subsystem is responsible for the overall control of production and hardware within ODISS,
This subsystem acts-as the overall system manager.

Each subsystem consists of hardware specific to its task, supported by dedicated file servers
and, with the exception of the archive subsystem, magnetic disk storage. Servers are
microprocessors which are primarily responsible for coordinating data flew between large-
scale magnetic disk storage and subsystem hardware components. System management
software also resides on a server, and system management functions are controlled through
a server. Communications between each subsystem’s hardware components, its servers and
the system manager are handled on hard wires. Transmission of image data requires RS422
cable; transmission of standard character data from database and other system software
requires RS232 cable. Communications between servers are handled with a multibus
interconnect; communication between the archive subsystem server and the archive
subsystem is handled via a Small Computer System Interface (SCSI) bus.

For the ODISS configuration, Unisys-supplied C-language software for the control of
workstation activities, such as the menus for indexing and the display of code tables.
Unisys’s software provides the links between system components and coordinates workstation

activities with other software modules such as the printer module or the system manager
module.

56




ODISS utilizes three operating systems. The workstations run under MS-DOS, the Heurikon
servers run under VRTX, and ODISS as an integrated system runs under UNIX. The Unify
relational ‘database management system used to index Tennessee CMSR records also runs
under UNIX. Links between components and coordination between different operating
systems are provided by Unisys software. Most of this software is written in the C language,
supplemented by assembly language routines where needed to maximize performance.

42,2 Digital Image Scanners

ODISS has four scanners, three for paper documents and a fourth for microforms. All ODISS
document scanners are capable of some level of image enhancement.

4.2.2,1 High Speed Scanner

ODISS employs a Photomatrix high-speed scanner, capable of scanning both sides of a
document at a rate-in excess of 20 documents a minute. The scanner is capable of scanning
documents at 200-dots per inch. It has two components, a scanner transport unit and an
electronics unit, each in a separate enclosure. Also included with the scanner is a high-
resolution monitor, which displays images as soon as they are captured by the scanner,
providing the operator with immediate feedback about the quality of the scan.

The high-speed scanner uses a two-belt vacuum hold-down transport system to scan both
sides of a document in one pass through the scanner. The scanner converts light reflected
from the document into a raster map. The scanner electronics unit assigns a binary value
to each pixel, compresses the raster map, and outputs the compressed image to magnetic disk
storage.

Scanner operation is developed around the file block concept. Each block contains one or
more files of documents which are stored and controlled by block number, and by file number
within each block. Scanning begins only after obtaining a block number for the group of files
to be scanned. The block is opened, images are scanned and stored in files within the block,
and at the close of scanning the block is closed. Scanner operators also control the opening
and closing of files within blocks. In the Tennessee CMSR conversion, the high-speed
scanner served as the primary conversion scanner. All images corresponding to any one
individual’s service record were placed in one [separate] file.

4.2.2,2 Low Speed Paper Scanners

ODISS has two low-speed paper scanners which operate without a paper transport, making
them ideal for documents too fragile to scan in the high-speed scanner. Each low-speed
scanner has a flat glass platen on which the original documents are placed. One low-speed
scanner is a binary scanner; the other is a gray scale scanner. The binary scanner produces
an image in which all pixels are assigned one of two values: black or white. The gray scale
scanner produces an image in which pixels are assigned one of 256 values, ranging from pure
white to pure black. The binary scanner uses hardware image enhancement; the gray scale
scanner uses software image enhancement.
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4.2.2.2,1 Binary Scanner

The binary scanner is capable of scanning documents up to 11" by 17". It scans at 200, 300
or-400 dots per inch (dpi). This scanner employs three image enhancement modes: character
mode, photograph mode, or character/photograph mode. Character mode clarifies the image
by brightening the light areas and shading the dark areas further. Photograph mode
increases-the clarity of documents containing halftones, i.e., a significant amount of visual

information which is neither at the very bright nor at the very dark end of the scale.

Character/photograph mode is suitable for documents which contain both character and
halftone information. The binary scanner also used a beta-test version of the Image

Processing Technologies . image enhancement device called the Scan Optimizer.

The scanner is controlled from a workstation which consists of a 286-based personal computer
with keyboard and monitor., In the CMSR conversion, this scanner was used to rescan
documents when the high-speed scanner had not produced an acceptable image and to scan

- documents too fragile or too large for the high-speed scanner. The workstation is capable of

scanning images; storing scanned images on magnetic disk, and receiving images for storage

- from the gray scale scanner.

4.22.2.2 Gray Scale Scanner

The gray scale scanner captures document images with 8-bit gray scale (for a total of 256
values) at 200, 300 or 400 dots per inch (dpi). It is capable of scanning documents up to 11"
by 14" in size. Scanner hardware provides a raw image as unprocessed data converted
directly from the analog CCD output into 8-bit digital form.

The gray scale scanner is controlled from the same workstation as the binary low-speed
scanner, but has a dedicated high-resolution monitor. Software installed at the workstation

- performs image énhancement on the raw image received from the scanner. The image

enhancement terminal can.send the enhanced image directly to the high-resolution monitor
for display, or the enhanced image can be binarized and bit-packed (stored so that each byte
represents 8 pixels rather than one) so that it can be displayed on a low-resolution monitor
or transferred to capture subsystem disk storage. Enhancement software allows image
enhancement techniques to be applied across the whole image or within a region of interest
any;yhdere within the image designated by the operator before enhancement techniques are
applied.

4.2.2.3 Multi-Format Microform Scanner

The multiformat microform scanner is capable of scanning microfiche, aperture cards and
16mm and 35mm microfilm. The scanner consists of two units, the scanning component and
the electronic image processing component. Each film medium requires a mechanical adapter
to position and hold the microform in place. For reel film, input and take-up reels are
provided. The operator is provided with the capability to fine-position the image via keyboard
input on the scanner’s host computer. The microform scanner is capable of the equivalent
of 400 dpi resolution on an 8.5" by 11" document which has been reduced by 48x. Processing
hardware used in the microform scanner is similar to that used in the high speed scanner.
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423 Workstation Subsystem

The same hardware configuration is used for indexing, quality control, demonstration, and
staff and public retrieval. ODISS contains eight workstations, any of which can perform any
system information processing function. The initial system plan called for two workstations
to be assigned to indexing in the processing of CMSR ‘records, and two to quality control.
Two workstations are available to support retrieval in the main ODISS installation, and one
workstation each is available to staff and to the public for retrieval. All ODISS workstations
consist of 286-based personal computers, equipped with image processing boards and 19-inch
black and white video display monitors. During use, workstation display screens are split
between an image display area on the left side and an alphanumeric display area on the
right. Images are shown at 150 dpi, with a capability to display partial images at the
original scan resolution of 200 dpi. A 2x zoom is also available. Documents up to 8.5 x 11
inches can be displayed at full size.

The core server cabinet contains three Heurikon HK68/M10 single-board computers dedicated
to the workstation subsystem. These are based on the Motorola 68010 microprocessor, with
a 10 Mhz clock speed and multitasking capability. Each server is supported by a 170 MB
magnetic disk for the temporary storage of image data files and database files.

4.2.3.1 Indexing

Creation of an image file index is the second major step in the Tennessee CMSR conversion.
ODISS as presently configured has detailed indexing capability only for CMSR records.

At the index workstations, operators create a database entry for each file to allow search and
retrieval based on name, regiment, company, and beginning and ending rank. First, middle,
and last names of the soldier are divided into three separate alphabetic fields. Values for
regiment, rank, and company fields are supplied by numeric code tables. There are 204
regiments in the Tennessee cavalry CMSR records, and up to three companies per regiment.
The rank code table has thirteen different values. The index for each file also contains a
remarks field. This field is displayed when the file is retrieved, but is not searchable. Since
jackets were created at the regiment level and a single individual may have served in more
than one company, an important use of the remarks field is to provide a cross reference to
other files corresponding to service for the same individual.

Files are available for indexing as soon as file blocks are closed at the high-speed scanner
station. Files arrive at index workstations in approximately first in/first out order. Indexing
can ordinarily be accomplished by viewing the document image; it is rarely necessary to
retrieve the paper record. After completing the index for the file, the operator enters the
file’s index record into the index database. This action automatically calls the next file to the
workstation.

4.2.3.2 Quality Control

Quality control is the third major step in the conversion subsystem. As ODISS is presently
configured, the quality control process is dedicated to CMSR files. In the Tennessee CMSR
conversion, ODISS quality control had two purposes. Firstly, it was used to identify and
immediately correct indexing mistakes such as misspelling of names or entry of the wrong
numeric code for company, regiment, or rank. Secondly, it identified and marked in the
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stored image file all images which needed to be réscanned and enhanced at the low speed
scanner/rescan station.

CMSR records arrive at the quality control station in blocks of 40 to 60 CMSEK files created
by the high-speed scanner workstation. Blocks normally consist of all files placed in one
Hollinger-box during document preparation. At the quality control workstation, operators
work with both paper and digital images of files. Images appear on the left side of the
screen; index fields appear on the lower right side of the screen. After the operator retrieves
a file, images in the file are displayed in the order they were scanned.

The jacket is the first item in each file. The operator selects the paper file which corresponds
to the image file and compares index information on the jacket with index entries on the
lower right side of the screen. To verify accuracy of values coded during the indexing process,
-code tables can be retrieved into a window on the upper right side of the screen. As operators
-are checking the accuracy of the indexing, they also evaluate the legibility of the jacket’s
image as the first item in the file. After finishing the index check, operators proceed through
the file, comparing the paper to the digital image. If an image is illegible or of poor quality,
the operator uses a function key to mark the image electronically for rescan. At the same
time, the corresponding paper page is placed in a brightly colored folder, and the folder placed
back into the CMSR file in the document’s original location. If a page was missed during
scanning, the document is also put into a colored folder and returned to its original place in
the file. The proper page location is marked in the digital file electronically using the
-MISSING PAGE function key.

When quality review of the file is completed, the operator presses a function key to remove
the file from the screen, build a table of poor images for rescanning and missing pages for
scanning and insertion, and retrieve the next file in the block to the screen. When the last
file in the block is completed, the operator returns to the initial quality control menu either
to select another block or log off.

Unisys provided custom software for CMSR quality control which permits access to the Unify
.CMSR database for blocks and individual files. Quality control menus and function keys
operate under Unisys programs, and blocks of files are accessed through the system manager
software module.

4.2.3.3 Rescanning and Replacement

Scanning of previously unscanned images, including those missed by the high-speed scanner
-operator or those considered inappropriate for processing by the high-speed scanner, and
rescanning of images of poor legibility is handled by a low-speed Ricoh platen-type scanner.
This piece of equipment scans oversize documents measuring up to 11" by 14" at densities
of 200, 300, and 400 dots per inch. It is particularly useful for capturing images from fragile
documents, since the documents do not require physical movement through the scanner
mechanism. After a document is placed on the stationary glass platen and the cover lid is
put in place, the scan mechanism itself moves.

Images identified by quality control that require rescanning and fragile documents which
were not processed by the high speed scanner are handled almost identically. File folders
containing colored folders (containing the original documents from which the poor images
were captured) are routed from the quality control workstations to the low-speed or rescan
workstation. The operator calls up the appropriate file locating the image marked for rescan.
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The operator then scans the document again, utilizing a greater variety of image
enhancement techniques, until a better image is created. The new image replaces the poor
one in the image file.

4234 Retrieval

Requests for retrieval of digital images originate from workstations. These requests are sent
to the system manager subsystem (see 4.2.5), along with the file control number
corresponding to the images if available. The system manager retrieves the file control
number from the index database if needed and routes the request to the initiation and
monitoring subsystem. Ifimage data resides in the archive subsystem, the request is passed
over the multibus interconnect to the archives subsystem for servicing. Images are returned
from optical disk storage to the archives subsystem server, which sends requested image data
over the multibus-either to a-workstation for screen display or the print subsystem, where
hard copies are furnished.

4.234.1 Staff Retrieval

ODISS includes two workstations for staff retrieval. These stations were intended for
gathering data about the feasibility of having NARA staff perform CMSR searches using
ODISS to reply to mailed-in inquiries for genealogical information.

To retrieve a file, staff members are first prompted to supply as many of the CMSR search
fields as are known from the information in the mailed-in request: last name, first name,
middle name, code values for rank in, rank out, regiment, and up to three companies. Fields
are left blank if the information is not known, and the search is performed based on available
information. A function key controls the beginning of the search. The system returns a
scrollable list of matches (known as "hits"), or a message indicating that nothing was found.
For each match, the file control number, complete index information, and number of images
in the file are displayed on the screen. Viewing of images stored in the file is controlled by
function keys which retrieve the file; rotate images filmed sideways as a result of size,.or
upside down as a result of original orientation on a two-sided document; zoom images; move
directly to file image by number; and print either the hit list, all images in a particular file,
or designated images within the file. When prints are made, the system calculates the cost
of copies and produces a cover sheet listing the file control number, number of pages printed,
and cost of the copies. Print options include a batch mode so that NARA staff can gather into
-one group a number of paid orders for copies and print all of them in a single operation.

4.2.34.2 Public Retrieval

ODISS includes one public workstation, designed for self-service reference of stored images.
Workstation display screens are designed to guide the general public in the use of function
keys and code tables to construct searches, retrieve files, and print index lists and file images.
After reviewing these on-screen instructions, the public follows the same procedure used in
the staff retrieval workstation, and has access to the same functions. When a public user
decides to print hardcopies, the system notifies the user of the copy cost and allows the user
to choose between stopping and continuing.
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4.2.34.3 Remote Retrieval

An index-only, remote-site ODISS workstation was installed in the Tennessee State Library
and Archives in Nashville. The workstation is linked to the ODISS system manager via
1200/2400 baud modems and a dial-up, voice-grade telephone line. The remote workstation
includes a personal computer and dot matrix printer. Once data communication is
established, the remote workstation has access to the system functions in the same manner
as an on-site retrieval workstation. The remote system can query the index database, receive
a hit list, and generate image print requests. Images are printed by the ODISS printer
subsystem (at the National Archives), and the copies are mailed to the requester. Image data
is not transferred to the remote workstation; researchers use the microfilm copy of the
Tennessee CMSR available in Nashville to retrieve images based on information provided by
the ODISS index hit list, and decide based on zn inspection of the microfilm which ODISS
CMSR images should be printed.

4.24 Archive Subsystem

The optical storage system consists of one optical disk autochanger with one internal drive
controller, and two internal optical disk drives utilizing Sony 2.2 gigabyte, 12-inch optical
disks.. This system is daisy-chained to an external controller and two external drives. The
external drives are used to write image data onto optical disk and to create backup security
disks, so that the jukebox could be dedicated to ritrieval of stored images. Both the drives
and the controllers are themselves controlled over a small computer systems interface (SCSI).
The SCSI bus carries all information to and from the writable disk controller and jukebox,
and the SCSI interface includes all the commands necessary for complete control of these
devices. Interface between the controller and external disk drives is accomplished by a
proprietary Sony communications bus.

4.2.5 System Manager, and Initiate and Monitor Subsystem

4.2.5.1 System Manager Terminal

The system manager terminal is used to maintain and control data on employees,
workstations, and index and image data stored on magnetic disk. From the System Manager
Main Menu, eight basic database functions are available:

Code table maintenance

CMSR/mon-CMSR file maintenance

User Type maintenance

Employee profile maintenance

Workstation assignment maintenance

Main reports menu

Archives management

te N - B <D - B - -

Database backup read and write
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Code table maintenance allows the user to enter or modify tables controlling codes for war,
state, service, status, rank, regiment, and company. CMSR/non-CMSR files maintenance
allows the user to add, delete, query or modify file indexes. User type maintenance controls
the cost of prints. Employee profile maintenance allows the system manager to control
individual access level to ODISS. Workstation assignment maintenance controls the
workstation functions which a specific terminal or workstation can perform. The main
reports menu controls the output of management reports automatically generated when
ODISS is running. The Archive Management submenu is used to initiate the writing of a
block of files to disk, display the status of the last file block written to optical disk, list blocks
currently ready to archive, and find the total available space on the optical disk currently
being written. Read and write database backup options provide backup and restore
capabilities on the magnetic streamer tape used to backup the index disk database.

4252 CSE/ARS Terminal

The CSE/ARS terminal is used to control the capture storage element and the archives
storage functions of ODISS. Under the CSE terminal are offered eighteen functions which
return information at the file and page (image) level on data stored on capture server element
magnetic disks, initialize the disks, delete files, close files, display storage remaining on each
disk, or perform other operating system functions. Under ARS, information pertinent to
images already transferred to optical disk is made available. Six functions are available,
including a directory function to read the contents of the directory of an optical disk.
4.2.5.3 IMS/Archive Control Terminal

The IMS/Archive Control terminal is used for two types of system-related actions. Its
principal purpose is to initiate processes on the initiation and monitor subsystem. These
include nine functions:

2% Creation of a directory of file control numbers for each side of an optical disk. This
is the directory which can be viewed under the ARS function. The directory is
completed only after the entire side of the disk has been completed.

Creation of a duplicate copy of an optical disk.

Deletion of a previously archived file from optical disk.

Dismounting of an optical disk from the jukebox or from one of the drives.
Mounting of an optical disk.

Retrieval of the index stored within each archival file.

Initialization of an optical disk.

Reading of a disk for errors.

o2 o B < B - B - T - R - B -

Check of volume status, i.e., what disk volume is loaded on a drive.
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5 ODISS TEST PLAN DESCRIPTION

This chapter presents the data collection and testing methodology used to gather ODISS
operational statistics. Factors such as project test goals, data collection techniques, testing
locations, and chronology are presented.

5.1 Testing Goals

A test plan was formulated to facilitate the collection, measurement, and evaluation of ODISS
performance data. This plan established a structured testing process and provided
management and staff with guidance in capturing test data and recording and analyzing
results. ODISS supported analysis of the feasibility, costs, problems, and benefits of archival
digital imaging systems. Workflow processes were evaluated, utilizing the system’s inherent
flexibility. System testing provided insight into quality control requirements for electronic
imaging conversion projects, and public reaction and user acceptance to electronic images.

5.2 Test Sample Selection

Assorted NARA holdings were selected for testing, including Tennessee CMSR holdings, non-
CMSR records, and microfilmed holdings. Tennessee CMSR records were selected because
of their popularity with researchers, and the facts that the holdings had already been
microfilmed and its size was suitable for a test environment.

Non-CMSR test document selection was based on a previous NARA document sampling and
evaluation project. This sampling effort, conducted in 1985 during development of the
National Archives 20 Year Preservation Plan, identified documents according to age,
condition, and other image characteristics. ODISS project staff examined the test population
outlined in the preservation study, and document samples were obtained for ODISS use. Ad
hoc documents were selected according to physical construction, appearance, potential
longevity, size, thickness, paper and ink colors, visual contrasts, and overall stability and
need for repair. Documents previously microfilmed were useful in comparing digitally
scanned imagery from documents and microforms.

5.3 Test Sample Attributes

Physical characteristics of the Tennessee CMSR (RG 109) varied with in size, format, texture,
color of paper and ink, condition, and legibility. A survey conducted between 1982 and 1983
showed that the compiled military service records included cards in relatively good condition,
and other documents with relatively minor problems. The majority of documents processed
by ODISS were created by the War Department. Specifically, these were service jacket,
reference slips, reference cards, and statement of service reference slips. There were also
envelopes for specific documents, and folders for medical reference slips. Reference slips were
printed forms, annotated with copyist handwriting in the carly 1900s, and are generally of
high ink-to-paper contrast.

5.3.1 CMSR Documents
The quality of original CMSR documents varied considerably, and the cccument paper quality

was generally poor. The printed forms varied from off-white to Jdark brown, and the
Confederate field operations and routine correspondence used blue-colored, ruled-lined paper.
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The paper stock varied from coarse surface texture to very thin, tissue-like paper. Ink fading
and bleed-through was common, and required special scanner processing.

Ink quality was not consistent, with only thick lines still visible on some documents.
Endorsements were often fine line ink or pencil due to space restrictions, with occasional
splattered ink blobs. Document sizes ranged from half-page up to letter and legal, with some
larger sizes as well. Some documents consisted of several papers glued together. Double-
sided, multiply folded pages were also common.

A volunteer soldier’s compiled military service record was abstracted onto cards trom muster
and pay rolls, rank rolls, returns, hospital and prison records, and other military records.
Access was through numerous card name indexes to the various series. A CMSR file typically
consisted of combinations of the following:

%  JACKETS: Jackets were heavy paper stock envelopes designed to hold the other
documents. Jacket paper was often discolored, due to soiled and aged materials, and
occasionally had reference information written in pencil on the flaps. Jackets
contained the soldier’s name, rank, etc., in fountain pen and ink technolog, which
created fine thickness variations.

# REFERENCE SLIPS: reference slips were discolored paper stock which obscured the
thin, fine handwritten lines, affecting the contrast ratio of ink to paper.

# REFERENCE CARDS: reference cards were typically heavily discolored. Reference
cards were single cards which refer researchers to other places in the CMSR files for
the actual documents. Reference cards were often created to account for the
variations in the spelling of soldiers’ last names.

% STATEMENT OF SERVICE REFERENCE SLIPS: statement of service reference
slips are glued together at the top if they contain more than one page. The final
page was usually a carbon of correspondence summary.

# OTHER ENVE™OPES/FOLDERS: other envelopes for documents were often faded

gray, due to tne age and paper formulation used. The medical card folders were
generally unfaded.

A cccond document category was Union and Confederate service-related records. The Union
documents related to a soldier’s status as a Prisoner Of War, including any parole time
served. These were usually printed on good quality paper, although some are on very thin,
wragile, tissue paper. The Confederate documents all relate to service in the Provisional
Armr of the Confederate States (P.A.C.S.). These documents ran the gamut of size, color,
quul..y, and condition, occurring mainly in the files of officers, who typically were originators
or receivers of provisional supplies:

#  Printed forms, for requisitions (forage, clothes, equipment, etc.), pay accounts,
discharge, etc.

Hand-drawn forms for the above purposes.

General Correspondence
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The quality of these documents varied due to rough handling and poor storage under original
field conditions and long-term retention. Many documents were stained and soiled, especially
along fold lines. Due to brittleness, many documents were inserted into polyester sleeves
during document preparation.

5.3.2 Non-CMSR Documents

In order to test the ODISS capabilities fully, the CMSR sample was supplemented with
documents from other holdings. NARA’s 20-year preservation survey was a valuable aid in
document identification and selection. Documents exhibiting characteristics such as varied
ink colors, faint images, brittle and varied colored papers, various fonts and typefaces, and
others were identified. Production considerations such as image quality, document handling,
and throughput rates were also identified and tested. High speed scanner conversion rates
were evaluated with the various test documents. Government Printing Office holdings within
NARA were also surveyed to identify suitable conversion candidates. Representative
technical manuals were selected for high speed conversion and image quality evaluations.
Other randomly selected documents, either from NARA holdings or provided by outside
sources, were tested throughout the ODISS conversion effort.

5.3.3 Microform Samples

NARA has large microform holdings, and analysis of ODISS’s ability to handle microforms
was tested. The multiformat scanner accepted 16mm and 35mm roll films, 4 X 6 inch
microfiche, and engineering aperture cards. All of these formats were tested to determine
the equipment’s ability to process NARA microforms. CMSR roll films were obtained and
scanned, and quality comparisons were made between images captured from original paper
documents and from film copies. Government Printing Office records which are currently
undergoing microfiche conversion were also evaluated.

54 Testing Facilities and Locations

ODISS was tested prior to delivery to verify operational capabilities. The majority of ODISS
data collection occurred in the ODISS laboratory facility in room B-31 of the Main Archives
Building. Additional data were obtained from the other site locations for the public, staff,
and the Nashville, Tennessee workstations. A public terminal was installed in NARA’s
Microfilm Reading Rovin (Room 400), while the staff terminal was installed in area 7E1. The
public terminal was tested with the aid of walk-in users from the general public, while the
Nashville remote site terminal was tested by Tennessee State Archives staff. All additional
testing equipment and tools such as imaging test targets were obtained from various sources
as required in support of specific tests.

5.5 Test Duration

The ODISS system was subjected to factory on-site testing prior to equipment shipment.
This testing evaluated the system’s ability to meet NARA requirements and validated the
overall integration level. Testing held during the document conversion process evaluated
operational factors and remote station access. Expanded Non-CMSR testing occurred
following completion of the CMSR Cavalry records conversion activities. Test data
acquisition began on September 2, 1988 following system acceptance testing and terminated
on September 30, 1989 with the completion of the processing of Non-CMSR samples.

68




5.6 Constraints and.Considerations

One ODISS test philosophy element was that the impact of component failure, or the
performance of any one specific equipment item should not impact or influence any similar
system components. ‘Anomalies unique to ODISS hardware, software, or procedures were
isolated when possible. Sample defects and unusual results were analyzed to determine if
the cause was sample-specific, or were integrated design deficiencies.

Operational procedures were evaluated to increase understanding of optimum system
configurations. The ability to reconfigure the existing system design allowed testing of
alternative workflows. Factors such as scan density, image display resolution, and image
enhancement algorithm requirements were analyzed to determine suitability for future
archival applications.

During the testing sessions, system test conditions were monitored for compliance with
ODISS test plan standards, test session data was recorded, unusual equipment or personnel
conditions were noted, and usage of alternative software or hardware which would impede
ODISS routine operations was avoided.

‘5.7 Measurement of User Satisfaction

Measuring user satisfaction with ODISS was accomplished with survey questionnaires,
subjective assessments, and simulated database queries. User input centered around image
quality, speed of data retrievals, and ease of system use for conducting information searches.
The image quality analysis section of this test plan addressed image legibility, while the
public/staff reference section presented hardware and software ease-of-use criteria.

5.8 Data Collection and Analysis Methodology

ODISS automatically collected considerable production data useful for monitoring routine
operations. Other information was obtained using analytical testing, augmented with
production staff and system user experiences.

5.8.1 Test Criteria Framework
Test criteria included test frequency, output formats, and procedural guidelines. Each

subsection is identically formatted with a factor, method, procedures, and test sequence.
These criteria are described as follows:

FACTOR: Presents the criterion to be tested.
# JUSTIFICATION: Provides the reason(s) for including the factor in the test plan.
% METHOD: Brief description of the planned test approach.
% PROCEDURES: Provides methodology to be followed:

o Test sequence: Procedural guidelines to be followed to conduct that particular {est
criterion.

& Test frequency: Planned frequency of testing for that particular criterion.
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@  Qutput format:

o Data analysis:

o Supplemental:
# COMMENTS:

Medium in which testing data will be provided or accessed:
Methodology to be used in analyzing compiled test data.
Any additional or correlated pertinent analytical information.

Any additional information considered useful for the testing
process.

The above criteria are included as needed in the following test plan procedures.

5.8.2 Test Criteria Descriptions

The following test plan criteria were utilized during the testing and data collection phases

of the ODISS project.

-5.8.2.1 High Speed Scanning

A. FACTOR:
JUSTIFICATION:

METHOD:

PROCEDURES:

Test sequence:

Test frequency:
Otitput format:
Data analysis:

Supplemental:
B. FACTOR:

JUSTIFICATION:
METHOD:

Production rates for number of images scanned and files processed.

Production rate information is important for estimating future
equipment requirements.

Automatic management reporting for day, week, month, quarter,
and year data.

Obtain scanner production statistics from system manager, analyze
data and draw conclusions, observe production techniques.

Continuous and automatic.
System manager terminal displays and printed reports.
Automated statistical analysis.

Observation of station operation to identify staff or equipment
deficiencies.

Fragile and/or oversize document processing with the high speed
scanner.

This area supplements general production throughput rate data.

Evaluate transport operations, and the scanner’s ability to accept
unusual document sizes.
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PROCEDURES:

Test sequence:

Test frequency:
Output format:
Data analysis:
C. FACTOR:
JUSTIFICATION:
METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:
Data analysis:

Supplemental:

D. FACTOR:

JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:

Output format:

Critique scanner operations during CMSR conversion,
supplemented with observations during ad hoc testing using
various document types.

Ad hoc testing and observation.

Observer’s recorded notes.

Subjective review of scanner transport operations.

Scanner equipment reliability statistics.

Information useful for equipment on-site service requirements.

Analyze maintenance technician logbooks.

Review hardware repair logs, personal notes, and discuss with the
operations staff.

On-going observation of equipment operation.
Observer’s notes.
Manual review of multi-source data.

Hands-on testing of hardware fo evaluate adequacy of built-in
status indicators and operator controls.

Scanner design to include: ease of use by a single operator, display
monitors and keyboards, document catcher operation, and
pushbutton controls.

Useful in estimating future staffing and need for special system
features.

Scanner design review and operations analysis.

Note problems encountered with attention directed to oversized
document handling, display monitor usage, access to document
catcher bin, and operator’s control panel.

Ad hoc test sessions and periodic summarization of experiences.

Observer’s comment sheets.
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Data analysis: Compare one and two-person operations.
5.8.2.2 Image Quality
A. FACTOR: Imaging analysis to include the effects of: documents in polyester
sleeves; various ink colors and document paper qualities (stains,
bleed through, dirtiness).

JUSTIFICATION: Data useful for estimating future scanner image processing
requirements.

METHOD: Scan in samples and analyze screen image and print qualities.

PROCEDURES:

Test sequence: Calibrate scanner, scan test targets and analyze system
performance. Record results and any unusual test conditions.

Test frequency: Ad hoc testing as required.
Output format: Workstation screens and laser prints.

Data analysis: Subjective comparison of image qualities under various testing
) conditions.

Supplemental: Use of both internal and commercially available test targets.

B. FACTOR: Addition of optical lens filters for improved image guality.
JUSTIFICATION: Scanner’s ability to capture all ink colors is important.
METHOD: Analyze impact of filters on image quality.

PROCEDURES:

Test sequence: Visually compare images scanned with and without various lens
filters. Determine best filter combinations for various record
attributes.

Test frequency: Ad hoc tests.

Output format: Test notes.

Data analysis: Subjectively compare image qualities with different lens filters
installed.

C. FACTOR: Scan density (DPI) needed to meet NARA needs.

JUSTIFICATION: Impact of potential storage savings using minimal scanning rate is
significant.
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METHOD:
PROCEDURES:

Test sequence:

Comparative analysis of scan densities and image legibility.

Scan document test batch on both high (200 dpi) and low speed
scanners (200-400 dpi); utilize targets and NARA documents.
Examine screen images for legibility. Print images for laser printer
evaluations.

Test frequency: Ad hoc testing sessions.

Output format:

Data analysis:

Supplemental:
D. FACTOR:

JUSTIFICATION:

METHOD:

PROCEDURES:

Test sequence:

Display screens and laser prints.
Subjective comparison of image qualities.
Scan specialized test targets.

Relationship of scanner contrast settings to image quality and
digital image file sizes.

Station productivity and image quality are affected by equipment
operations.

Scan documents at various settings to identify optimum contrast
settings.

Capture documents using different automatic thresholding and
operator controlled modes. Compare image quality and digital file
sizes.

Test frequency: Ad hoc testing sessions.

Output format:

Data analysis:

Supplemental:
E. FACTOR:

JUSTIFICATION:

METHOD:

Display screens and laser prints.

Subjective comparison of image quality and file sizes captured
using automatic thresholding versus manual intervention.

Analysis of image storage sizes based on threshold setting.

Image quality comparisons of digital screen images and hardcopy
prints.

Image legibility comparisons are useful system performance
indicators.

Structured testing sessions with NARA staff and professional
researchers.
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PROCEDURES:

Test sequence:

Test frequency:

Output format:

Data analysis:

Supplemental:
F. FACTOR:

JUSTIFICATION:
METHOD:

PROCEDURES:

Test sequence:

Assemble group for "blind test" evaluations. Conduct tests using
the following: original documents, NARA microforms, and various
scanned images. Elicit responses relative to legibility, information
completeness, and usefulness.

Testing and analysis as required.

Video screen images and hardcopy output.

Subjective comparison of image quality and legibility.

Introduction fo the system will precede testing.

Image quality comparisons of digital images captured from paper
documents to digital images captured from microforms.

Comparison of paper and film input scanning technologies is
important for future decisions.

Scan images from paper records and compare to images scanned
from microforms.

Obtain paper records and matching microforms. Scan the
documents and the microforms; compare screen images and
hardcopy prints.

Test frequency: Ad rno: testing.

Output format:

Data analysis:

ODISS workstation display screens and laser prints.

Subjective evaluation of image quality using paper and microform
input.

58.2.3 Production Workflow

A. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

High speed scanner performance measurements

Scanner production rates are significant elements for NARA record
conversions.

Summarize data collected from timer programs.

Collect production statistics using timer programs. Process data
using timer software to determine work and wait times. Determine
impact of system load on response times.

74




Test frequency:

Output format:

Data analysis:

Supplemental:
B. FACTOR:

JUSTIFICATION:
METHOD:

PROCEDURES:

Test sequence:

Test frequency:
Output format:
Data analysis:
Supplemental:
58.24 Indexing
A. FACTOR:
JUSTIFICATION:
METHOD:
PROCEDURES:

Test sequence:

Timings conducted during ODISS operations.

Data files in timer software format.

Statistical evaluation of work time versus wait time measurements.
Analyze impact of file open and close operations on productivity.

Elapsed times for indexing and quality control operations, including
impact of file retrieval on station performance.

Useful for distinguishing source of throughput problems.

Analyze data collected using timer programs; work time versus
wait time.

Collect work time production statistics using timer programs.
Process data using timer software to determine work and wait
times. Determine impact of file open and close operations on
productivity.

Timings conducted during rcutine ODISS operations.

Data files in timer software format.

Statistical evaluation of work time versus wait time measurements.

Analyze impact of system load on response times.

Number of indexing files processed.
This is a basic ODISS productivity measurement.

Automatic data collection.

Obtain ODISS system management reports and analyze production
data.

Test Frequency: Continuous data collection.

Output format:
Data analysis:

Supplemental:

Screen display and system printouts.
Compare learning curves to on-going production.

Staff interviews and observations.
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B. FACTOR:
JUSTIFICATION:

METHOD:

PROCEDURES:
Test sequence:
Test frequency:
Output format:
‘Data analysis:
Supplemental:

C. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Number and description of data entry/indexing errors.

Useful for determining impact of indexing errors and possible
system design changes.

Summarize quality control station experiences.

Collect information concerning index error rates and causes.
On-going observations.

Staff questionnaires.

Evaluate start-up versus on-g.ing operations,

Staff interviews.

Ease/difficulty of code tables scrolling system.

Useful for evaluating system design which requires key entry of
numeric codes and line-by-line scrolling of code tables by operators.

Operator interviews, hands-on analyst use.

Collect and analyze operations data. Operators scroll numeric code
tables for fields such as rank and regiment. Key-enter numeric
data; determine ease of use and operator’s ability to learn system
operations.

Test frequency: Ad hoc testing as needed.

Output format:
Data analysis:
D. FACTOR:
JUSTIFICATION:

METHOD:

Recorded notes and questionnaires.
Subjective evaluation of comments.
Personnel rotational assignments and impact on system operations.

Varied work tasks can reduce tedium, and cross training provides
more team skills and backup capability.

Review system operation under static operator and rotational
staffing plans.
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PROCEDURES:

Test sequence:

Test frequency:
QOutput format:

Data analysis:

Supplemental:

Analyze system productivity for periods of routine operator
assignments, compare with production statistics during rotational
activities.

As required.

Notebooks and staff survey logs.

Observation and subjective comparison of static versus rotating
personnel assignments.

Review of employee longevity and impact of people substitutions.

5.8.2.5 Quality Control

A. FACTOR:

JUSTIFICATION:
‘METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:

Data analysis:

Supplemental:
FACTOR:

JUSTIFICATION:
METHOD:
PROCEDURES:

Test sequence:

Test frequency:

Station production rate for number of files and images completed
at Quality Control.

Production data useful for future system design considerations.

Automatic data collection by system.

Obtain ODISS management reports for workrperiods required;
analyze data.

Continuous.
CRT screen and printouts.

Statistical comparison of performance at start-up (with its learning
curve) to performance during later, ongoing production.

Observations on ease of use.

Quantity of images rejected, and number of electronic place holder
images created for documents not scanned.

This quantifies the error rate for pages missed.

Automatic data collection by system.

Obtain management reports and analyze data. Summarize the
data collected by the system.

Continuous.
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Output format:

Data analysis:

Supplemental:
C. FACTOR:

JUSTIFICATION:
METHOD:

PROCEDURES:

Test sequence:

Test frequency:

Output format:

Data analysis:

Display screen and printout.

Statistical comparison of start-up learning curve to ongoihg
operations.

Observations on ease of system use.

Special station ease of use features, such as image rotate, zoom,
menus, function keys, etc.

Useful in design changes for improved workstation efficiency.

Hands-on operations to acquire needed analytical data; interviews
with experienced operators.

Interview operators and analyze staff responses.
As required.
Analysts’ notes and interviews with operators.

Evaluate data in terms of learning curve.

5.8.2.6 Low Speed Scanning and Enhancement

A. FACTOR:
JUSTIFICATION:
METHOD:
PROCEDURES:

Test sequence:

Test frequency:

Output format:

Data analysis:

Supplemental:
B. FACTOR:

JUSTIFICATION:

Low speed station production rates.
System productivity measurements require reliable statistics.

Automatic collection of data for day/week.

Print out daily/weekly report data for low speed station; derive
quarterly and annual data; analyze results.

Periodic collection and printing of report data.

System manager screens and printouts.

Statistical evaluation of low speed productivity.
Evaluation of system load impact on station performance.

Scanner settings invoked for typical problems, and ease of use of
image processing subsystem.

Identifying problem documents and image processing algorithms is
important.
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METHOD:

PROCEDURES:

Test sequence:

Test frequency:
Output format:
Data Analysis:

Summary of operators experiences with image enhancement
system.

Compile operations experience concerning rescan operations;
analyze image processing capabilities and ease of use.

Ad hoc testing.
Observer’s and operator’s experience logs.

Evaluation of the low speed station.

5.8.2.7 System Manager

A. FACTOR:

JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:

Data analysis:

Supplemental:
B. FTACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

System’s ability to collect, compile, and generate accurate
management data and required reports under operational
conditions.

Reliable system management reports are in.portant to monitoring
performance.

Review findings and assess value of management reports.

Monitor system manager report production schedule; verify reports
for accuracy; assess utility of availableinformation.

On-going report evaluations.
Display screens and printouts

Subjective evaluation of system’s data collection and reporting
capability.

Need for expanded reporting capability.
System manager’s workstation design and ease-of-use factors.

The system manager is the central control point for the system and
should be operated efficiently.

Analyze user interfaces and station layout.

Evaluate system manager workstation design, and its ability to
perform required functions.
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‘Test frequency-
Output format:

Data analysis:

Supplemental:

Ad hoc testing as required.
ODISS display screens and printers.

Observation and subjective evaluation of the system manager
station design layout and ergonomics.

Weigh aliernative system configurations for performing routine
operations.

5.8.2.8 System Operations

A. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:
Data analysis:
Sugpplemental:
B. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:

Data analysis:

ODISS’s ability to perform non-CMSR item processing.

In order to meet project goals, it is important for ODISS to accept
Non-CMSR documents and microforms.

Process Non-CMSR documents and microforms.

Use test batches on high and low speed scanners, and verify
system’s capability to accept, store, and retrieve the files.

Ad hoc tests.

System screens and printouts.

Subjective comparison of CMSR and non-CMSR item processing.
Evaluate search procedures for both item processing schemes.
ODISS system workflow design analysis.

Efficient and productive system operation depends on a balanced
workflow process.

Analyze alternative methods and hardware configurations.

Experiment with and analyze alternative designs and production
methods. Determine equipment and configurational needs for
efficient operations.

As needed.

Screen and hardcopy prints.

Analyze alternatives to existing production workflows.
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5.8.2.9 Microform Scanning

A. FACTOR:
JUSTIFICATION:

METHOD:

PROCEDURES:
Test sequexice:'
Test frequency:
Output format:

Data analysis:
B. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:

Data analysis:

Verify scanner’s image processing to handle typical quality
microforms.

Quality digitized microform images require image processing
capabilities.

Scan microforms and analyze the results of image processing tests.

Scan images under various scanner settings and compare results.
Special test series, plus ad hoc testing as needed.
Film scanner scrcen and laser prints.

Subjective comparison of captured images before and after
enhancements.

Scanner ease-of-use-to include controls, film handling, monitor(s)
placement, keyboards, etc.

Film scanning productivity is important for any system requiring
scanning from microform holdings.

Analyze hardware and station operation; note unusual techniques.

Observe film scanner human interface design during routine
operations and testing sessions. Study the existing layout, and note
ease-of-use features in the hardware or software interfaces.
Continuous.

Notes and observer’s impressions.

Critical analysig of station ergonomic design and ease of use.

'5.8.2.10 Index Storagc

A. FACTOR:
-JUSTIFICATION:

METHOD:

Index data storage requirements.

This information is wuseful in determining system storage
requirements.

Analysis of disk file data capacities and usage of system reports.
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PROCEDURES:

Test sequence:

Test frequency:

Qutput format:

Data analysis:

Supplemental:

Collect and.analyze ‘data concerning magnetic storage and index
overhead.

Periodic.
Display screen and printouts.
Tabulation of total storage required to hold -CMSR index records.

Determine magnetic storage remaining after conversion of CMSR
records.

5.8.2.11 Image Storage

A. FACTOR:
JUSTIFICATION:
METHOD:

PROCEDURES:

Test sequence:

"Test frequency:

Output format:

Data analysis:
Supplemental:
B. FACTOR:

JUSTIFICATION:
METHOD:

PROCEDURES:

Test sequence:

Image capacity of Sony CAV 12" optical disk.
Validation of image storage requirements capacity is important.

Analyze disk image capacities and usage levels using system
reports.

‘Obtain and analyze system reports regarding ODDD space -usage

and image counts.

Periodic.

‘System.printouts.

Review of system printouts for optical disk usage statistics.
Determine capacity of disks for larger-sized images.

Jukebox performance and the system’s ability to service concurrent
requests_for image retrieval.

Jukebox performance is important for image retrieval productivity.

Simultaneously request image data from several workstations;
analyze jukebox server operations under loaded conditions.

Simultaneously request image files stored on different optical disks
from several terminals and observe system response. Record any
problems the system has with file retrieval from the Jukebox or
with ensuing file transfer operations.
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Test frequency: Ad hoc data collection.

Output format:

Data analysis:

Display screens and printouts.

Statistical analysis-of jukebox’s performance in servicing of user
requests.

5.8.2.12 On-Site Reference

A. FACTOR:

JUSTIFICATION:
METHOD:
PROCEDURES:

Test sequence:

Test frequency:

-Output format:

Data analysis:

Supplemental:

B. FACTOR:

JUSTIFICATION:

- METHOD:
PROCEDURES:

Test sequence:

Test frequency:

. Output format:

Data analysis:

-

Workstation ease-of-use to include: keyboard features, functions,
and terminal display.

Useful for improving user access.
Questionnaire/interviews with system users.

L 3

Conduct user interviews, training sessions; use questionnaires to
gain information on-station ease-of-use.

Ongoing data collection.
Observer’s recorded notes.

Subjective evaluation of workstation overall design and human
interface features.

Study the ease-of-use factors and their impact on productivity.
Software ease-of-use to include: menus and code tables, retrieving
a file’s images, returning to the index list, retrieving another file’s
images, ete.

Useful for improving ODISS and for the design of a larg\,r
production system to improve ease of use.

Questionnaire/interviews with users. -

Work with randomly selected users to determine the -software’s
ease-of-use and their comprehension of its retrieval functions and
capabilities. Complete questionnaires and analyze results.

Ongoing data collection.
Questionnaires and observer’s recorded notes.

~

Subjective evaluation of software design and station operations.
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5.8:2.13 Remote Reference

A. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:
a

Data analysis:

B. FACTOR:
JUSTIFICATION:

:METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:

Daia analysis:

C. FACTOR:
JUSTIFICATION:

METHOD:

Remote station menu-design.

Information about the system’s user interface is important for
future system design.

Data collection using interviews and/or written user evaluations.

Collect data on ease of use and user-friendliness of the station’s
user menus. Analyze results.

Ongoing data collection.
Observer’s recorded notes
Subjective analysis.of software design and station operations.

Value of retrieving index data only; Tennessee State Archives user
interest in receiving image data.

Costs of digital image transmission to remote sites should be
weighed in comparison to user needs.

Telephone interviews with remote site manager.

Conduct interviews with remote users to gain needed information-
and compare to on-site operations.

As needed to gather data.

Interviewers’ recorded notes.

Comparison of index data searches and manual retrieval of
microfilm from Tennessee’s local holdings of microfilm copies with
ODISS’s ability to retrieve both index information and document
images from the same workstation.

Identification of system access problems (response time, sign-on
timeliness, etc.)

Data concerning remote users access is important in deciding scope
of access in any future, expanded system.

Log recorded by remote site users.
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PROCEDURES:

Test sequence:

Test frequency:
Output format:

Data analysis:

Conduct periodic phone interviews with Tennessee State Archives
staff to gatherinformation about access experiences and problems.

As needed to gather information.
Recorded notes.

Analyze system contention problems.

5.8.2.14 Hardcopy Output

A. FACTOR:
JUSTIFICATION:

METHOD:
PROCEDURES:

Test sequence:

Test frequency:
Output format:

Data analysis:

B. FACTOR:
JUSTIFICATION:

METHOD:

PROCEDURES:

Test sequence:

ODISS system laser prints: overall quality and legibility.

System output quality must be legible, even for small type point
sizes.

Print and analyze samples on system laser printers.

Print and examine hard copies from a number of documents with
a wide range of document characteristics. For critical coraparisons,
use files captured from standard test targets.

Periodic, in conjunction with various types of documents processed.
Laser print output.

Subjective comparison of image prints based upon image quality
criteria. -

Hardcopy laser prints compared to screen images.

Hardcopy replications must be as good or better than those
rendered on high resolution screens.

Comparison of sample test target prints to high resolution screen
images.

Print previously scanned files on ODISS laser printers; compare
printed copies to screen images; analyze differences and any
significance.

Test frequency: Ad hoc testing and observations.

Output format:

Screen displays and laser prints.




Data analysis:

Supplemental:

Visual comparison of 150-dpi screens.snd 400 dpi laser prints.

Make use of test targets which contain special features uséfal in
analysis.
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6 PROJECT OPERATIONS ANALYSIS AND TEST RESULTS

The purpose of the ODISS project was to gather information concerning feasibility of using
digital imaging systems in support of archival programs and operations at the National
Archives. In order to answer that question, several approaches were implemented including
monitoring routine operations during typical production, and system testing under controlled
conditions. The following subsections describe the experiences and knowledge gathered
during the ODISS system operations and performance testing. The data collected during
performance and- operational investigations are also discussed. Test data and ongoing
operational results analysis are provided for each major subsystem. A discussion of the
important issue of image quality and the results of intensive public and staff image analysis
sessions-is also included.

It should be noted that because of the unique design of the ODISS system, actual throughput
performance- achieved with the: ODISS system which was des1gned in 1986; does not fully
reflect the capabilities available with newer digital imaging technology as currently
marketed. For complete descriptions of the ODISS system hardware, software, and operating
procedures, refer to- Appendix B.

6.1 Document Preparation For The ODISS Project

Before paper records are microfilmed for National Archives publications they are prepared
for filming. Similar document preparation work was performed on the Tennessee
Confederate CMSR records to get the files ready for digital conversion through the ODISS
input processes. While the document preparation of the Tennessee CMSR records was

essentially the same.as the traditional work done for microfilming, there were some features
unique to ODISS.

6.1.1 'Tennessee CMSR Records

Document preparation involves putting the records in order for conversion. This includes
flattening folded papers, removing such fasteners as staples and paper clips, correcting any
misfilings so that the documents are arranged in the proper order, and making any necessary
new box and folder labels. Any special preservation problems are identified, and in general
proper preservation procedures are followed as outlined in the Archlvee guidelines for
holdings maintenance.®” Production standards for individual workers are set for each
document preparation or holdings maintenance project. Work is done in batches, which-are
checked by supervisors for quality and statistical errors. The size of batches and the time
required to complete a-given amount of work fluctuates widely between projects because the
standards for each project depend on the characteristics of the records and any other special
features unique to that particular project. So, for each project time and production standards
are set and written instructions are generally prepared.

These normal procedures were followed during the document preparation of the Tennessee
Confederate CMSR records for ODISS. Written instructions for the project were developed

61 Mary Lynn Ritzenthaler, Preservation of Archival Records: Holdings Maintenance at the National Archives

(1988).
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to guide the work.®® A production standard of completing 7.5 to 7.6 boxes per day was
set. An existing Tennessee CMSR records storage box contained approximately 150 to 180
soldlers files. After document preparation, the contenis of each "old" box requlred three
"new" boxes because of the addition of file folders and the flattening of documents.®

During document preparation, an-error rate of six or more was enough to fail the batch.
Batches were defined as three of the old boxes containing the CMSR files. Errors were
defined to include such housekeeping details as failure to fill out the time or other date
correctly on the batch sheets and such substantive ms!ters as improper labels, improper
placement of documents in folders, and failing to put the indicators for two-sided scanning
on the appropriate documents.

The Tennessee CMSR records were kept in the current order by regiment with the files for
all members therein arranged alphabetically by surname. The major work involved the
preparation of the documents in each file. Each file had its own new folder. The documents
were removed from their envelopes or jackets, and the jackets were placed first in each foider
with-their flaps opened. Next the standard size CMSR regimental cards were placed after
the jacket. Then any other documents that might be in a file were put in the folder and
flattened if necessary. So, the order of the documents in the folder was flattened jacket first,
then regimental cards, and finally flattened loose documents.

Many of these other loose documents had been tri-folded to fit into the jackets and needed
to be flattened. This was a significant factor in the great expansion in the space needed by
the-series; after document preparation the Tennessee CMSR records occupied about three
new boxes for each old box. Each new box usually held fifty to sixty files although the
varying number of documents per file meant that boxes might have fewer than forty or, in
very rare instances, as many as ninety folders. To mark documents for two-sided scanning,
plastic clips were put on jackets and cards-were placed in the folders with the reverse side
facing forward. Whenever possible, the documents after the cards were arranged by size from
smaller tolarger. Fragil