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Pref ace 

Computers have been used to process pictures since the early days of the space 
exploration program in the 1960s when Jet Propulsion Laboratory (JPL) engi
neers first digitized and then enhanced images of the moon returned by the 
Ranger and Surveyor spacecraft. In recent years, the technology has been 
extended to support computer based management of document material, using 
image representations of document material and a variety of general purpose and 
specialized computer equipment and peripherals. Imaging technology is now 
routinely used throughout the world to process hundreds of thousands of docu
ments every day. 

As in any rapidly emerging technical field, there is a shortage of standard ref
erence sources for those interested in becoming conversant with the basic ele
ments of the technology. This text strives to provide a basic introduction to 
electronic document management systems. The text is written in two sections. 
The first section provides a general introduction to the methodology, equipment 
and software used to process document material using computer based electronic 
imaging technology. It is written for the general reader, with a minimum of tech
nical detail. 

The second section of the text provides a more detailed introduction to spe
cific topics, including digital image enhancement, gray scale and color image 
representation, image compression, character recognition technology, and bar 
code technology. This section provides an in-depth treatment of each of these 
topics, including occasional use of mathematical equations. An appendix pro
vides a summary of additional sources of information, and a summary of useful 
technical conferences and symposia. 

ix 
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This text is intended for use by individuals in industry, government, lhe mili
tary, u11 ivers1Lies, financial institutions, and other organizations faced with large 
scale information management problems who are consideri ng using elec tronic 
document management technology to accommodate increasing volumes of 
infonnation and the need to reduce response times in information management 
systems. It can also be used in an upper division or graduate level course in 
information management or computer science as the basis for a one semester 
course in document management technology, possibly supplemented with one or 
more of the references provided in each chapter. 

Just a few years ago, those of us working with electronic document manage
ment systems as integrators or vendors could walk the aisles of the Association 
for Information and Image Management (AIIM) show and visit with almost 
everyone else involved in the technology. Today, the AIIM show has grown into 
one of the largest trade shows in the country, with large and diverse exhibits by 
all the major computer industry corporations. Hopefully this book will help 
those new to this dynamic and expanding technology understand the many 
issues they will encounter while trying to apply that technology to their activities. 

I have been fortunate to participate in the growth of this fieid based on the cir
cumstance of being in the right place at the right time. At JPL during the 1970s, 
I was fortunate to learn the technology of digital image processing while partici
pating in the unmanned exploration of the solar system. In the 1980s, after arriv
ing at System Development Corporation (later acquired by Burroughs and then 
merged into Unisys), I was able to apply some of the image processing tech
niques from JPL as part of the implementation of the Automated Trademark 
System at the U. S. Patent and Trademark Office under government contract. At 
Unisys we were involved in bidding two components of the Automated Patent 
System and we then bid and won the contract for the Optical Digital Image 
Storage System (ODISS) at the National Archives and Records Administration 
(NARA). Through ODISS, I met Bill Hooton, one of the pioneers in electronic 
document management, who effectively articulated his views of the future 
potential of this technology. At Unisys, I was fortunate to work with Joe 
Hughes, who is another of the pioneers of this technology, and with Dave 
Vandaveer, who successfully managed the ODISS project to its completion. 

At Terminal Data Corporation from 1987 through 1990, I was fortunate to 
lead design teams developing some of the first commercially available paper and 
film scanners. At TDC, I had the opportunity to work with a wide range of sys
tem integrators, major equipment manufacturers, and value added resellers, all 
of them struggling in the late 1980s to deliver economically viable systems to 
customers willing to take the risks of investing in new technology. At TDC, I 
was privileged to work with David Krar Hutton, who supported our design 
efforts as President and CEO during some turbulent times in the industry, with 
Connie Moore, who provided strategic market insight to guide our eng ineering 
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efforts, with Harold Gross, who provided continual support and encouragement 
as we merged the manufacture of electronic imaging products into production 
lines famous for high precision micrographics products, with the late Mike 
Rothbart, who understood the need to transform the company he had founded, 
and with a great group of engineers who continue to design great products for 
TDC under Ed Gonser's leadership. 

No one writes a book on their own, and this book is no exception. I received 
assistance from many individuals in the industry and government who provided 
illustrative material for use and reviewed portions of the text. They include rep
resentatives from TDC, Unisys, Photomatrix, FileNet, Seaport lmaging, Xionics 
Inc., Sigma Imaging Systems Inc., Empire Blue Cross and Blue Shield, 
Intergraph, Syncrude Canada Ltd., Kofax Image Products, Bell & Howell, 
Eastman Kodak Company, the National Archives and Records Administration, 
PRC Inc., Litton Industrial Automation, AIM USA, Fujitsu America Inc., Sony 
Corporation of America, Cygnet Systems Inc., Ricoh Corporation, Mekel 
Engineering Inc., Document Technologies Inc., Cincinnati Bell Information 
Systems, Rapid Technology Corp., and the IEEE. And a special thanks goes to 
the AllM Resource Center, who provided invaluable help in tracking down vari
ous material and standards. 

I again thank my family for continuing support and encouragement-all the 
folks who appeared on the dedication pages of my first two books-Bob, 
Cheryl, Rich, Jennifer, Kimberly, Max, Dorothy, Yetta and Nathan. This is my 
third book. and I managed to many a wonderful woman who has been a contin
uing source of strength and good counsel through all of them. Barbara seems to 
understand that every few years I disappear on nights and weekends to do this 
crazy thing. Many thanks again, honey. Since this book deals with new technol
ogy that will evolve into the future, it seemed appropriate to dedicate this text to 
our two new grandchildren, whose arrival interrupted progress on the manuscript. 

Finally, thanks to our cat Murphy, who has kept me company for many hours 
in his favorite wann spot next to my Macintosh. Hopefully, we've found all the 
places where his paw rested on the backspace key for a while ... 

William B. Green 
Granada Hills, California 
August 1992 
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CHAPTER 

1 

Introduction 

Commercial firms. government agencies, medical services, educational institu
tions, and other organizations are faced with an explosive increase in the amount 
of paper that must be handled in order to conduct their operations. These organi
zations arc continually seeking systems that can solve a variety of problems 
associated with handling large volumes of paper. The problems include the need 
for large volumes of storage space required Lo retain the documents, labor inten
sive operations associated with filing, retrieving, and routing paper documents, 
and an increase in processing time in transaction oriented operations in an era 
when competitive pressures and an orientation toward customer service dictate a 
reduction in processing time. 

Micrographic systems, which have been in existence for many years, involve 
use of film (typically microfilm, microfiche, or aperture cards) for compact long 
tenn storage of document material. Micrographic systems incorporate a photo
graphic process that captures an image of every document stored or processed 
by the particular application. Once the photographic image is created, it gener
ally becomes the primary source of information within the application, and the 
film product is used to view the document material, route it from point to point 
within the enterprise, and for long term archival storage and retrieval. 
SpecinUzed micrographics equipment is used to create (through photographic 
means), store, retrieve, display, and generate hard copy from filmed versions of 
source documents. Special film viewers are used to examine document material, 
and printers can be used to create hard copy paper versions of filmed document 
images. 

Microgmphios systems are found in almost every field of human endeavor. 
Applications include distribution of document material on microfiche cards, 
archival storage of check images on microfilm in the banking and financial com-

1 
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mun1ty. storage of engineering drawings on aperture cards, and the long term 
storage of medical records, insurance claims forms and other documents on 
microfilm. A computer based index lo film records is often created to aid in 
locating specific documents on individual physical film records. Computer 
based systems are available that support query and retrieval of specific docu
ment images from the appropriate film roll, microfiche card, or aperture card. 

In recent years, electronic document processing systems have emerged that 
provide alternatives to physical processing of paper or the use of micrographic 
systems. Electronic document processing systems perform functions similar to 
the older micrographic systems. In electronic document management systems, 
however, the process of filming documents is replaced by a process of electroni
cally scanning document material. Electronic document processing systems 
process documents stored in digital image format that are created by sophisti
cated electronic scanning equipment. Once the document material is converted 
into a digital image format, it can be routed, displayed, stored, and retrieved 
using commercially available computer equipment and software designed for the 
specific application. Electronic systems have also been used to replace micro
graphics systems, and in some cases a phased transition has occurred that has 
involved scanning of the document database originally stored on film and conver
sion of that database to electronic format using specially designed film scanning 
equipment. . 

Most electronic document processing systems include the following types of 
hardware subsystems: 

i) Scanners that scan document material and convert it to a digital image 
foanat for storage and processing by computer compatible equipment 

ii) Storage systems that are used to store large numbers of scanned images 

iii) Workstations equipped with high resolution displays for viewing the 
scanned images 

iv) Communications subsystems that transfer images between elements of 
the system 

v) Hard copy output devices (printers) used to provide copies of the scanned 
images on paper 

vi) A variety of computer peripheral devices, including magnetic and optical 
disk subsystems and magnetic tape subsystems 

This chapter begins with a description of the conversion of document material 
into digital image format, which can be processed, manipulated, and displayed 
using computer based equipment. A more complete description of the hardware 
elements is presented, followed by a discussion of the advantages of using an 
electronic system to process documents. A breakdown of the major categories of 
electronic document processing systems is presented, and the organization of Lhe 
text is then described. 
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Introduction 3 

HOW COMPUTERS PROCESS DOCUMENTS 

Document material must be converted to a computer compatible format before it 
can be managed by an electronic document processing system. There are several 
types of digital formats commonly used in electronic document processing. This 
section describes the options available for conversion of document material into 
digital representations, indicates the advantages and disadvantages of each, and 
it describes the type of format used in the electronic document management sys
tems that are the focus of this text. 

Definitions 

In this text, page is the tenn used to indicate a single piece of paper in the origi
nal paper file. A document is a collection of one or more pages. A page can gen
erate either one or two images to be stored and processed by the digital system, 
depending on whether or not it is necessary to handle both sides of each original 
sheet of paper in the particular application. A file is used to describe a collection 
of one or more documents. A file is often also referred to as a folder in some 
applications or in the literature. 

Bit Mapped Image Format 

Selection of a bit mapped image format means that each page is converted to 
one or two digital images, each of which represents one side of the original sheet 
of paper. A bit mapped image Is a two dimensional array of points that repre
sents a picture of the original page. Each point in the two dimensional array is 
stored as either a white or a black point. This type of representation is also 
referred to as a binary image. 

Figure 1. 1 shows a copy of a photographic print used as a standard test target 
for a variety of purposes in electronic document imaging systems. Figure 1.2, 
which shows a bit mapped image version of a portion of the same test target, 
was created by scanning the test target in a scanning device that produces a bit 
mapped representation of the original page. The scanning process will be 
described in detail in Chapter 2. 

Figure 1.3 shows an enlargement of a section of the same bit mapped image. 
In the enlargement, it is possible to note that shapes and lines that appear smooth 
in Figure 1.2 are actually not smooth in the scanned image. Figure 1.4 shows a 
higher resolution enlargement of the same section, and it is possible to see the 
individual black and white dots that comprise the sampled digital image of the 
original page. 

Each sampled point within the scanned image is referred to as a picture ele
ment, or pixel for short. Typically, document material is scanned so that 200 or 
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300 poinls per inch of the original document are acquired (although some appli
cations will use more or less sampling resolution, depending on lhe resolution 
required to retain the document information in the sampled scanned image). If 
an 8.5 x 11 inch page is scanned at 200 dots per inch, a scanned image of size 

Introduction 

NMA 
bBS I 
=>QRt+<;C 
'JKLMI ( 

~ec oi 
l(Y2at 
uvw )() 

ABCDI 
WXYZ< 
StUV\i 

\BCDEE 
sbcdef 
123456 

\tcOlfOHU• ..... , ... , ..... 
2l4Wft0 

UCOEFGI 
Jbcdelghlll 
11}456719 

ABCOEF• 
obcdefg~ 
123-4567 

ABCOE 
abcdefs 
123456 

Figure 1.2 A portion of an 
test target shown in Figure 
300 dots per Inch. Figure pri 

1,700 ~ 2,200 pixels is p1 
intensity (either black or 
required to store a digital 
200 dots per inch. If the ~ 
inch, an image of size 2,5 
age requirement of 8.415 
uments (such as credit c 
significantly less stor.1gc 
~ng drawings and larl 
or each image than in the 

Page 15 of 93



W.8. Green 

1111 m 

•• .. II ~ 
"' ~ . 

EE Std 167A-1987 ~ ~ ...... ~ 
FACSIMIU!TL!)I CllAR I ~ ~~ 4'<'~ 

....._ ,._~&.I...-... -.~1•t t_.wtl 
•-c. .... t......., 11rw .. ....._..,UIUIW l1t, ~v~-_..4\"-
p..., ..... n...-.. • ......., .• 
;.._,.,..,u• •--... ,,_,. .A ·A ~j 

I ii Ill 1111 1ii 1111111111111ii11IiIIII1111rlll 1 
1monly used for quality control in electronic 

document are acquired (although some appli
pliog resolution, depending on the resolution 
tfonnation in the sampled scanned image). If 
lt 200 dots per inch, a scanned image of size 

Introduction 

NMA MICROFONT QJKLPYZ 
6BSl2GH504 X7U~ W8V9E 
~oR~~oEquvb70FGSSTHIJNowxAevz SOI 
~KLM 12( . .... ... , .. . , .. ... .... ,01 1 • . ..... , ... . 4. , .. >00 

ABCDEFGHIJKLMNOPQRSTUVW 
XYZabcdefghijklmnopqrst 
uvwxyz0123456 789 OCR-B 

100 

ISO 
12S -

I00-
90-

10 -

70-ABCDEFGHIJKLMNOPQRSTUV 
WXYZabcdefghijklmnopqr ~ -~ 

stuvwxyzl23456 7890PICA -~-- "· 
!U)COEFGHIJKLMNOPQRSTUVWXYZ - l 
~bcdefghijklmnopqrstuvwxyz 

1234567890 ~lite 

\ICOEIGHUll MNOIOISIUYWllTZ 

1111149'1fh,''"'~•ltv•• •r• 
2>AWftO ............ _ ••• 

MCDUo-utUilfoOl'OD""""""' n 

~~ -==- ·-

'8COEfGHUKlMMOPQRSTWWXVZ 
Jbcdel~hij~lmnOflClttluvw•ya 

123..c567990 Sporlon Medium 9 pl 

ABCOEFGHIJKLMNOPQRSTUVWXYZ 
obcdefghijklmnopqrstuvwxyz 
l 23"'567890 Sporton Medium l 0 pl 

--=;~ .. 

II 

ABCDEFGHIJKLMNOPQRSTUVWXVZ 
abcdefgh ijkl m nopq rs tuvwxyz 
1234567890 Spartan Medium 12 pt 

Figure 1.2 A portion of an electronically scanned digital bit mapped version of the 
test target shown in Figure 1.1 . The test target was scanned at a spatial resolution of 
300 dots per inch. Figure provided by Cincinnati Bell Information Systems. 
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1,700 x 2,200 pixels is produced. Since each pixel requires one bit to represent 
intensity (either black or white), a total of 3.74 million bits of infonnation is 
required to store a digital image representing an 8.5 x 11 inch page scanned at 
200 dots per inch. If the same 8.5 x 11 inch document is scanned at 300 dots per 
inch, an image of size 2,550 x 3,300 pixels is produced, resulting in a total stor
age requirement of 8.415 million bits. Note that scanned images of smaller doc
uments (such as credit card remittance fonns, receipts, and checks) will require 
significantly less storage than these examples, and digitized versions of engi
neering drawings and larger documents will require significantly more storage 
for each image than in these examples. The next section of this chapter describes 
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the scanned image. Figure provided by Cincinnati Bell Information Systems. 
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the computer technology evolution that has made it possible to store and manage 
the large volumes of digital information produced in electronic document man
agement systems. 

The process of scanning document material to produce bit mapped image rep
resentations of the original document material for processing by electronic docu
ment processing systems will be described in more detail in Chapter 2. At this 
point, it is important to note several characteristics of digital bit mapped images: 

i) A bit mapped image will produce a. subsampled version of the original 
document material. Digital image scanners are used to convert document 
material into bit mapped imagery, and they can be adjusted to provide bit 
mapped imagery at various resolutions. The higher the scan resolution, 
the better the representation of the original document material. The 
process of converting the document material into a digital image repre
sentation will always introduce some loss of information, no matter how 
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the scanning resolution 1s increased, because the digital scanning process 
is by nature a subsampling process applied to the original document 
material. Again. this subject is discussed in more detail in Chapter 2, and 
guidelines are provided regarding selection of scanning resoluuon to pre
~crve lhe information content of the original material. 

11) A bit mapped image will capture all information contained on the origi
nal document page. In addition to typeset material, a bit mapped image 
will capture other material on the original page, including signatures, 
handwriucn infonnation, endorsements, annotations between lines or in 
margins, bar codes, line drawings, lines separating sections of forms or 
printed material , etc. The bit mapped image representation thus provides 
the most complete computer compatible "replica" of the original docu
ment of any of Lhc formats described in this section. 

iii) The bit mapped binary image format can only represent every point 
within the image as either black or white. The photographic insert within 
the test target is not well represented within the bit mapped image for
mat. In order to represent document infonnation that is photographic in 
nature, it is necessary to use digital image formats that are capable of 
retaining more than two intensity levels (black or white) for each sam
pled point within lhe image. The "shades of gray" present in the original 
material must be converted into a computer compatible format for use in 
electronic document management if the photographic material is impor
tant within the sp~cific application. Electronic systems that are designed 
to process material such as driver's licenses, passports, and real estate 
records with pictures of property attached must accommodate this mater
ial. There are a variety of methods used to retain this type of information 
within sampled digital image formats. One technique that maintains the 
single bit of storage for each sampled image point is called halfloning; 
clusters of individual black and white dots are used to achieve a visual 
effect of gray shading. Halftoning preserves the original sense of gray 
shaded imagery, with some loss of image quality, while not appreciably 
increasing the amount of computer storage required for the sampled digi
tal imagery. A second method, which preserves gray scale or color 
infonnation with image quality superior to halftoning but at a cost of sig· 
nificantly increased computer storage per image, involves the use of 
more than a single bit of information to represent intensity at each sam
pled point within the image. These topics will be addressed in later chap
ters of this text. At this point, however, it is essential to note that the bit 
mapped binary image format is well suited to representation of document 
material that is commonly found in the majority of paper processing 
applications-document material containing textual material (printed. 
handwritten, or both) and/or high contrast line art. Handling of documenl 
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material in applications where preservation of gray shaded image material 
in the original document is required within the electronic document man
agement systems requires more advanced fonns of image representation. 

Relationship to Optical Character Recognition Systems 

Systems are also available that can scan individual pa~es and uti~ize optical 
character recogni1io11 (OCR) tecluwlogy to extract the printed matenaJ from the 
page. These systems incorporate pattern recognition tech~ology that isolat~s 
each individual printed character of text and produces a senes of alphanumenc 
characters in computer compatible format (generally in ASCII character repre
sentation) that represent the printed material on the original page. Some OCR 
systems also retain the general page layout or fom1at of the original page and for
ward that information as part of the computer file created for each scanned page. 

OCR systems perfonn with varying degrees of accuracy. Reliable recognition 
technology for handwritten characters is emerging, and col!llllercial systems for 
recognition of printed or typeset characters have been available for several 
years. Recognition rates will vary with the quality of material being scanned, the 
size of the text, and the complexity of the page layout. OCR performed on copy 
machine copies, material generated by laser printers, material produced in less 
common type fonts by electronic publishing systems, multiple part fonns, and 
page material with non-white background will achieve less accuracy than OCR 
perfonned on first generation clean printed copy with more common. type fonts. 

The advantages and disadvantages of the two formats are shown m Table 1.1. 
Generally, bit mapped image representation is used in applications where it is 
important to retain complete images of the original document material. 
Electronic document processing systems using bit mapped image representations 
ace analogous to film-based micrographics systems. Document images are 
stored. retrieved, routed between work areas, and can be viewed at a variety of 
locations. Each image represents one side of a piece of paper that was scanned 
to create the digital image. The scanning process captures all the infonnation 
from the original document- printed material, handwritten infonnation, line art, 
annotations, endorsements. lines and spaces defining fields on forms-and pre
serves the information in the exact location at which it occurs on the original 
page. 

OCR systems are typically used to capture the alphanumeric text infonnation 
from documents. One common application is full page OCR capture, where the 
entire character stream is produced by an OCR device and forwarded to applica
tions software operating on a host processor. The applications software is gener
ally a word processing or electronic publishing applications package, and OCR 
is used to avoid a more tedious data entry process. A human quality control 
operator, and a spelling corrector, are often used to improve the accuracy of data 
provided by OCR systems. 
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Table 1.1 Comparison Between Binary Image and Character Representation 

Bit-Mapped Images 

Alphanumeric Representation 

Advantages 

Replicates all mformat1on 
contained 1n origmal 
document-line art, 
signatures, etc 

ACSll character data for 
each scanned page re· 
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computer storage 

Disadvantages 

Requires relatively large 
amount of computer 
storage for each image 

Cannot capture non
textual information on 
document 

limited accuracy on 
printed text; hand-written 
OCR still in development 
stage 

OCR technology can also be used to capture infonnation contained in specific 
fields within scanned documents. An insurance claim application might involve 
cxtrac1ion of printed infonnn1ion from a series of preprinted forms. An OCR
based system can interpret an identifier tha1 is printed in a specific area of che 
form Lo designate a panicular form type. The application can then use che 
knowledge of tl1e form type to extract character infomiation from specific loca
tions on that form, based on 1he fonn design. This process would minimize com
puter storage requiremen1s. since storage of character infonnation requires less 
storage than bit mapped image fonnnts ;ind l>ccuuse only the desired information 
is being scanned and stored in the computer system. Another example might be 
the use of an OCR system coupled with a full page binary image scanner, where 
the OCR device is used Lo scan and interpret a unique sequence or identification 
number, which is later used as an identifier to index. store, and retrieve the 
image of the full page in bit mapped formal. 

OCR technology is described brieny in Chapter 11 of this text, along with a 
discussion of the potential uses of OCR technology within a system primarily 
used for management of document information in bit mapped image formal. The 
main focus of chis text, however, will be on electronic document management 
systems that are based on utili7.ation of bit mapped image format for image rep
resentation of the source documents within an application. The use of full image 
representation of scanned document material is a more llcxible technology than 
OCR because of che wide range of infom1a1ion that is preserved using the bit 
mapped image format and the preservation of the exact shape and location of the 
information content of the original source document. Full page bit mapped 
imagery is the electronic equivalent of a photographic copy of a documem used 
in micrographic systems. 

OCR systems can be highly effective in applications whose requirements can 
be met with the limited information representation capabilities of OCR technol
ogy. OCR technology is generally used in applications for which the following 
constraints are acceptable: 
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Binary Image and Character Representation 
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i) information content can be recognized with high accuracy by OCR tech
nology, minimizing the requirements for quality control on the scanned 
alphanumeric information 

ii) Minimal amount of hand printed information 

iii) No requirement for retaining line drawings and/or photographic content 
of scanned documents 

iv) No requirement for capture of information contained in written notations, 
endorsements or stamps entered on the original source document material 

v) No requirement to preserve the geographic location of information 
extracted from the page being scanned 

ELECTRONIC DOCUMENT PROCESSING SYSTEMS 

Enabling Technology 
The development of cost effective electronic document processing systems has 
been made possible through the evolution of several key computer science tech
nologies. These technologies include the following: 

Economical Compact Digital Storage Technology. Representation of a 
page of a document as a scanned digital bit mapped image requires thousands of 
bits of storage for each page of scanned material. Although limited applications 
ot computer technology to document management existed prior to the evolution 
of the write once read many (WORM) optical disk ·storage technology, WORM 
was a key technology in establishing the viability of cost effective electronic 
management systems. WORM technology, and other compact digital storage 
devices that minimize the cost per bit of storage for large quantities of data, 
made it possible to develop systems for managing realistically large volumes of 
document material on computer based systems. WORM disk, and other compact 
media that have emerged within the computer industry (including recently 
developed very high density digital tape storage systems) have the capacity for 
storing thousands of pages of information at a reasonable cost per bit of storage, 
within reasonable areas of floor space, and they provide reasonable access 
speeds for retrieving document material. 

Electronic Scanning Technology. Solid state electronic image scanners 
first began to be utilized in the space program and in earth observations 
applications in the 1980s. More recently, solid state imaging systems have 
become common in commercial television cameras and in photographic 
systems. This technology is also used in the electronic scanners that convert 
source document material to bit mapped image representation. A low cost low 
power scanning array located within a high speed solid state electronic 
component rs coupled with an illumination source, a mechanical transport, and 
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an optical system lo create a modern electronic scanning system. Compact, 
minimal cost, high pcrfonnance electronic scrutning systems enable development 
of syslems thal can capture large daily volumes of arriving paper material and/or 
cfficicn1ly conven a stored paper archive into digital format in a reasonable 
amount of time. 

Higlt Speed Communications Teclt110/ogy. The evolution of modern 
computing systems from highly centrali1.ed syslcms designed with a single 
processor and a limited number of simultaneous users to modem distributed 
systems involving networked connection of hundreds or thousands of individual 
compuling nodes has driven the development of high speed communications 
capability wilhin the computer industry. Commercial systems have been 
developed to transfer large volumes of datu at high speed within modern 
computing systems. These systems incorporate a series of hardware components 
specially designed to transfer darn at high speed. A series of industry standards 
has evolved governing interchange of data between systems. which may be 
procured from multiple vendors. The standards govern both the hardware and 
software in commercial systems. A set of es1ablished protocols is used to 
aggregate data into standardized packets, and they govern highly reliable da1a 
transfer at relatively high speeds between multiple locations within distributed 
computer systems. The volume of data associated with digitized imagery is 
relatively large. compared to the volume of data involved in most conunercial 
applications thal are generally more lexl oriented than image oriented. The 
communications link is often the most constraining data transfer link wilhio an 
electronic document management system. Despite that fact, commercial 
communications equipment and nelwork.ing standards are an important enabling 
lechnology for electronic document management systems. In reccn1 years, 
vendors have begun to realize lhal increased image traffic within dis1ributed 
computer environments will be a fact of life in the future. Currenl efforts are 
focused on design and definition of standards governing high speed efficient 
transfer of image data within networked systems. 

Image Display Tech11ology. Effective display of digitized document 
imagery requires high resolution display technology. Although small forms, 
such as credil card remittance slips and checks, can be displayed on systems 
supporting display of a small number of piclurc clements, display of images 
obtained by scanning 8.5 x I I inch paper requires image display equipment 
capable of displaying al least 1,700 x 2,200 pixels if the page is scanned at 200 
dots per inch. The commercial evolution of high resolution display systems 10 
support olher requirements has provided the technology required for display of 
full page scanned document material for electronic document management 
systems. Hardware that supports "roam" and "zoom" functions has evolved to 
provide the ability lo display the full image at reduced resolution and then 
magnify selected portions of the document material to full resolution for delailed 
work. This technology supports processing of large format drawings usinB 
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electronic systems, and it also supports display of images obtained by high 
resolution scanning of standard office size documents, for applications where 
the high resolution scanning is required to retain the information in the original 
document. 

Image Compression. DigitaJ images require significant amounts of computer 
storage, as described earlier in this chapte r. Image compression technology 
provides a method for reducing the amount of storage capacity required to 
accommodate scanned images. Transfer of compressed images also reduces the 
data transfer time across communications systems and networks. Most elec1.ronic 
document management systems utilize a set of compression standards originally 
developed for facsimile systems, driven by the need to minimize telephone line 
transfer time between "fax" equipment. These standards are not necessarily 
optimal for any specific application, but the fact that standards did exist in the 
facsimile world and special purpose hardware could be developed to compress 
and decompress digitized document images based on these standards, has 
resulted in widespread use of the facsimile compression standards in the 
document processing world. For binary images. these standards can typically 
compress digitized image by factors of from 2 to 10, depending on the type of 
material in the scanned image. (Mate rial with lower amounts of extremely 
detailed information, such as typed pages of text mixed with line art compress 
better than images of pages containing large amounts of extremely small type, 
minimal "white space", and no line art, for example). Jmage compression is 
discussed in detail in Chapter 10. 

System Hardware Components 
The componenis that make up an electronic document management system are 
shown in Figure 1.5. Systems usually include the following components: 

Image Scanners. These are specialized devices that convert document 
material into sampled digital imagery. There are a variety of commercially 
available scanners designed to scan document material from paper and film 
media. Paper scanners are designed to handle various sizes and weights of paper 
documents. There are scanners designed to capture images of small forms 
(checks, credit card slips, adding machine tapes), scanners designed to handle 
office size documents (ranging from 3 x 5 inch cards and 8.5 x 11 inch pages up 
to 11 x 17 inch pages), and scanners designed to handle large engineering 
drawings. Commercially available scanners vary greatly in their scanning speed, 
paper handling mechanisms, and the output image quality that is produced. This 
topic is addressed in more detail in Chapter 2. 

Another class of commercially available scanner is the film scanner. Film 
scanners are designed to produce sampled digital imagery of documents that 
Jiav~ been converted into filmed images. Film formats can include aperture cards 
(typically used for engineering drawings, these are computer compatible cards 
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with film inserts containing document images), 16 mm microfilm in various for· 
mats, and 105 mm microfiche cards that contain multiple document images in a 
two dimensional array. 

A single electronic document management system may contain several types 
of scanners. It might have a high throughput centralized scanner for production 
scanning, several lower throughput desktop scanners distributed across several 
work areas to capture a low volume of document material each day, and one or 
more film scanners that might be used to scan an existing micrographics data
base that has never been completely converted to a digital data base. 

High-speed Communications Interface . Most electronic documen t 
management systems support multiple users in a distributed environment. The 
communications components in an electronic document management system 
must connect multiple users, and a variety of devices and subsystems (image data 
storage equipment, scanners, printers, workstations, external communications 
interfaces, etc.). At any given lime. there arc generally several overlapping 
requests pending in the system for transfer of image data. Several users may be 
requesting several different images for use at their individual workstations, a 
print request from one user may be pending (routing an image from a display 
workstation to the laser printer), and the production scanner may be senrung 
scanned images to the data base server for indexing and storage. The data 
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Figure 1.5 Typical components of an electronic document management system. 
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transfer rates required to support an acceptable system response time to multiple 
demands generally dictate the use of a high speed distributed communications 
pal.hway. In many document management applications, commercial networks 
such as Ethernet* may not be adequate to support the communications demands 
associated with transfer of document image data. Design of the communications 
system within electronic document management systems is a very critical part of 
the design effort, and a design based on a low estimate of the image traffic can 
lead to poor response times and unproductive users. 

Mass Storage. Mass storage components in common use within electronic 
document management systems include magnetic disk, optical disk, and 
magnetic tape. Magnetic disk provides the fastest access lime for reading and 
writing infonnation, but is the lowest density of the three media. Optical disk 
options include WORM (Write Once Read Many), CD-ROM (Compact Disk 
Read Only Memory), and erasable optical disks. Document management 
systems usually include all three types of media. Typica!ly. magnetic disk is 
used for temporary storage, such as the index infonnation or catalog containing 
the location in digital storage of every document, operating system and 
applications software. WORM is used for long term archival storage of 
document data bases that do not change dynamically, and erasable optical drives 
can be used for both archival and transient image storage at very high density. 
High density magnetic tape can be used as an alternative to optical storage, as a 
backup media for optical disks, and as a physical exchange media between 
facilities. Mass storage can be centralized or distributed within document 
management systems. and it is possible that the same image can reside on both a 
centralized mass storage system and on local storage at a workstation. 

Displays. Image display devices are designed to present a visual display of 
the sampled binary imagery to the user. Standard computer displays may not be 
effective in displaying document infonnation. They may be designed to display 
only alphanumeric information. If they are designed to display bit mapped 
imagery. the resolution (the number of picture elements displayed on the screen) 
may not be sufficient to display a full digital image. Sampled digital imagery of 
an 8.5 x 11 inch page may require screen resolutions of 1,700 x 2,200 pixels for 
pages scanned at 200 dpi, as discussed previously, and many commercially 
available display systems may not provide this capability. Document 
management systems typically include specially designed high resolution 
display equipment for display of document material. In addition, since the image 
data may be stored and transferred across the network to the display system in 
compressed format to minimize transfer time. The display system may include 
decompression hardware. Image display systems thus tend to be software driven 
computer workstations, sometimes augmented with special purpose hardware. 

• A registered trademark of Xeroic Corporation. 
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Figure 1.6 A typical electronic document management system. 
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Hard Copy OutpuJ Devices. IL is often necessary to generate paper hard copy 
of the document material managed by an electronic system. The most common 
hard copy output device is laser printers because they provide sufficient 
resolution for reproduction of scanned binary imagery. Typical laser printer\ 
provide 300 dots per inch output capability, which is often a good match for 
digitized document material that has been scanned at or near that resolution. 

Figure 1.6 shows a detailed diagram of a typical electronic document man· 
agement system. The figure shows that there are many distributed workstatiom 
linked by a common network. Some functions are supported centrally (such as 
the image mass storage) while other functions are supported in a distributed 
fashion (such as hard copy output). The scanning function in the system shown 
in Figure 1.6 is also distributed, with a high speed production image capture sys· 
tem located centrally, and lower capacity scanners distributed around other 
points in the system. 

System Software Components 

An electronic document management system will include several levels of soft· 
ware, as shown in Figure 1.7. The typical software components will include 
following: 

Operating System. The basic computer operating system provides overa 
control of processing and input/output functions. It may also provide the us 

interface with tt 
document mana1 
include DOS (D 
commercially av 
provide standardi 
most electronic d 
not know the spe 
basic computer < 

functions. Gener: 
system and provi1 

Applications S 
specific docum< 
Systems are prov 
developed to sup 
insurance clairr 
applications code 
facility that coulc 
software general! 
and retrieval, imai 
types will be pro' 
system may be Sl 

in the system. Fo1 
by a workstation 
and indexing that 

APPLICATIO 
SOFTWAR 

F.lgure 1.7 Softwa 
system. 

• A lrldemark ol N 

•• A llldemark of 'I 
0 • A lrldemark of 

Page 27 of 93



W.B. Green Introduction 17 

HIGH SPEED 
--- -. I SCANNER 

IMAGE 
CAPTURE 
UBSVSTEM HIGH SPEED 
-~-...r-""1 SCANNER 

WORKSTATIONIDISPUlV 

ICALAREA 
TWORK L.._ .r---------. 

rATION/DISPUlY 

WORKSTATION/OISPUlY 

WORKSTATIONIDISPUlY 

HARD 
COPY 

OUTPUT 

iment management system. 

LOW 
SPEED 

SCANNER 

t is often necessary to generate paper hard copy 
d by an electronic system. The most common 
!r printers because they provide sufficient 
anned binary imagery. Typical laser printer~ 
capability, which is often a good match for 

as been scanned at or near that resolution. 
agram of a typical electronic document man
s that there are many distributed workstation~ 
me functions are supported centrally (such as 
:her functions are supported in a di!ltributed 
1. The scanning function in the system shown 
th a high speed production image capture sys· 
capacity scanners distributed around other 

ients 

:nt system will include several levels of soft· 
typical software components will include the 

;omputer operating system provides overall 
tput functions. It may also provide the use 

interface with the system as well, depending on the design of the electronic 
document management system. The operating systems most commonly used 
include DOS (Disk Operating System)*· 0$12,*• and Unix.*•• These are all 
commercially available operating systems supported by multiple vendors that 
provide standardized environments for development of applications software. In 
mosl electronic document management systems, the end user of the system may 
not know the specific operating system and may never have to interact with the 
basic computer operating system in order to perform document management 
functions. Generally, the applications software is built on top of the operating 
system and provides the user interface support. 

Applications Software. The applications software is designed to support the 
specific document processing requirements of the particular application. 
Systems are provided with either general purpose applications software that is 
developed to support a specific application market (such as check processing, 
insurance claim processing, or archival storage and retrieval) or with 
applications code that has been custom designed for a specific application or 
facility that could not be easily exported to another organization. Applications 
software generally supports document acquisition and indexing, image storage 
and retrieval, image display, and hard copy generation. User interfaces of various 
types will be provided for each of these operations. Selected components of the 
system may be supported with specific software that is not available elsewhere 
In the system. For example the centralized scanning function may be controlled 
by a workstation with specific software designed to support document scanning 
and indexing that is not available on other workstations in the system. 

APPLICATIONS 

SOFlWARE 

WORKFLOW 

SOFlWARE 

OPERATING SYSTEM 

DATABASE 

MANAGEMENT 

Figure 1.7 Software structure within a typical electronic document management 
system. 

• A trademark of Microsofl Corporation 
•• A tr.ldcmadc of IBM Corporation 
•••A lr.Jdcm11tk of AT&T, Inc. 
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Workjlow Software. In the past few years, the concept of work.flow software 
has become important in electronic document management systems. Many 
applications involve a flow of document processing similar to that shown in 
Figure 1.8. Documents are scanned on a periodic basis (hourly, daily, overnight, 
etc .}, indexed and stored on the image mass store. From that point, sets of 
documents may be aggregated and forwarded to individual workstations for 
review and processing. Processing may proceed in several steps, involving 
routing of the document from one area to another (from one workstation to 
another). A claim fonn may be reviewed at one workstation for example, and 
the proposed resolution of the claim may be reviewed by a supervisor at a 
second wor:kstatio,n. A third workstation may be involved in generating 
correspondence or issuing the payment associated with the claim. The software 
that controls the flow of documents through this type of system is called 
workflow software. Workflow software can also include software that provides 
status information for management, as well as statistics on throughput and 
operator perfonnance. 

Data Base Management Software. This cl~ss of software is often found 
integrated within the applications support software in electronic document 
management systems. In most systems, there is an indexing scheme designed for 
the particular application. In one system, document material may be structured 
logically into folders, documents within folders, and pages within documents. rn 
this example, there are three levels of indexing. Documents are comprised of 
one or more pages, and folders are comprised of one or more documents. ht 
another system, each page of material that is scanned might be assigned a unique 
identifier or index; a check processing application is an example where only a 
single level of indexing may be required. The data base management system 
(DBMS) makes it possible to query the document data base and retrieve 
information based on the logical structure of the index. The DBMS makes it 
possible to retrieve specific documents or folders in a three level indexing 
scheme or individual images,in a single indexing level application. The DBMS 
can generally a(:commodate more than a single index at each level. For example, 
documents may be indexed based on document type, date of origin, and other 
parameters. The DBMS also makes it possible to retrieve documents based on 
multiple search criteria-for example locate all documents of form type B 
generated after a specific date. 

The categories listed above are typical categories of software commonly 
found in document management systems. Specific systems may incorporate 
additional software categories, depending on the application, but these are t~e 
categories most corrunonly found in today's systems. 
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ADVANTAGES OF ELECTRONIC DOCUMENT 
PROCESSING SYSTEMS 
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from documents, and 
paper. microfiche ca 
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There are many reasons that computer based technology is an attractive 1cchnol- tem but electronic : 
ogy for managing document materials. This section enumerates some of those sys ' 
reasons. 

Security. Electronic document management systems are generally a more 
secure way to store and process document information than systems based on 
paper handling or micrographics technology. The use of computer based 
technology means that the document material is stored digitally on computer 
compatible media in locations where personnel access is often limited. The 
media (magnetic or optical disk) is generally located within components of the 
system where access is difficult or limited, and physical removal of the 
document material might be quite difficult. The applications software can be 
used to limit computer based access to document material; specific individuals 
can be granted access to limited portions of the data base if required, and system 
access can be controlled by standard computer access techniques (e.g., password. 
protection, multiple protection levels for file structures, etc.). 

Data Base Integrity. One common problem with paper file systems, and 
with some film-based micrographics systems, is improper refiling of c.locumcnt 
material that has been removed. The document can I>~ refiled in the wrong 
location, which makes it extremely difficult to re-locate the document. 
Electronic document management systems utilize modern DBMS technology 
and effectively eliminate this problem. Although it is theoretically possible to 
destroy digital data files, it is much more difficult to do so in an electronic 
system. In computer based systems, even if the active files are destroyed by a 
rare occurrence or by malicious users, a digital backup generally exists. With 
proper management procedures, it is very difficult to pennanently remove and 
destroy files from a computer based system. 

Document Integrity. Once a digital image version of a document has bee 
created, it is extremely difficult to modify the content of that document imag 
Modification of electronically stored digital imagery would require developmen 
of a sophisticated set of software designed for malicious intent, and would al 
require direct access to the digital system by an authorized user with appropriat 
access privileges. It is much easier to modify a written document on paper th 
to modify a scanned digital image, and the electronic system provides a 
increased level of data integrity. The order of pages contained within documen 
consisting of multiple pages, and the document order within files cons isting 
mu ltiple documents is preserved automatically in electronic documcn 
management systems following the scanning process that creates the elecll'Oni 
imagery. If the document imagery is scanned in the proper order, the order · 
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S OF ELECTRONIC DOCUMENT 
DCESSING SYSTEMS 
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10ns where personnel access is often limited. The re ~nfan t'on 1·s accessed Digitized document images benefit from use of this . . . . the m orma 1 • 
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'ff' I 1· · d d · tee 0 ogy. · · ed' h' 
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1 ~ oiected lifetime and/or the error correction pf()Cesses indicate that d t d . I 'fi . d ' 'd the en o pr J d' . al t 'des '. access. o ocument maten~ ; s~1 1c m 1v1 uafs the media is beginning to degrade. For these. reasons'. 1g1t s orage prova . 
1ted portions of the data base 1f.requ1red, and system more reliable long term archival storage potenual than either paper or film media. 
>tandard computer access techniques (e.g., password b f' f 
>n levels for file structures, etc.). Image Quality. Electronic document ~anagement systems ene at rom 

many years of development of digital 1ma.ge enhance~ent technolo~y · 
Commercially available paper and film scannmg systems m~orporate a. wide 
range of processing capabili ty designed to optimize the quahty of th~ unnge 
material generated from the original source documents. I~age quality that 
improves on the original material is often generated by electroruc sc~ners. ~nee 
generated, electronic images do not fade or darken (or even expene~ce spilled 
cups of coffee); the image quality remains as good as on the day the image was 
created. Any physical damage to a digitized image data base can be overcome by 
standard computer backup and operational procedures. Paper and film are not 
guaranteed to maintain image quality over long periods of time, and they are more 
susceptible to permanent physical damage than digital image data records. 
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Multiple Access. Digital data files can be stored cent~ally wit~in a c~mpu~er 
based sysaem and routed to multiple locations as required. It 1s possible for 
several user~ located at different physical locations each to view a document on 
their workstations simultaneously. This feature is especially useful when 
documents must be processed through a series of review, processing, and 
approval steps that do not have to be perfonned sequentially. In those cases, the 
workflow software may route copies of the digitized imagery to multiple 
workstations for simultaneous processing, and it can track the status of 
processing a document at multiple locations within the system. It is impossible 
to do this in a system that involves processing individual pieces of paper or 
Individual film records of document material. Note that the digital work 
locations can be physically distant, linked by modern communications 
technology. 
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~outing Speed. Networking and communications technology make it 
possible to route document material at high speed both locally or over long 
distances. Document processing that involves multiple sequential steps 
performed at different work locations can proceed based on high speed 
electronic transfer of document images. There is no need to wait for cartons of 
interoffice mail to be transferred between floors, buildings, or facilities of an 
organization when using an electronic system. Using electronic technology, 
document images can be routed to the next work location in minutes instead of 
hours or days. 

Query and Retrieval Speed. Many document management systems feature 
customer inquiry support functions. Customers may call and request information 
or status of their account. Use of electronic document management technology, 
including DBMS technology, can minimize the response time to these queries. lt 
is generally much faster to locate a specific file on a computer based system than 
it is to find a document in a series of filing cabinets or on one of many rolls of 
microfilm. An operator can query and retrieve a document for display at a 
workstation while fielding a customer inquiry. providing an advanced level of 
customer support that is difficult to achieve using non-electronic means. 

ORGANIZATION OF THE TEXT 

This text is organized into two sections. The first section (Chapters l through 7) 

provides a detailed introduction to the components used in electronic document 
management systems with a minimal amount of detailed technical information. 
Readers interested in an overview of the major system components can read 
these chapters and acquire adequate knowledge to understand basic concepts, 
the type and variety of general purpose and specialized hardware used in these 
systems, and the general decisions that must be made when designing or put· 
chasing an electronic document management system. Chapter 2 describes the 
process of image capture, including a description of the most common types o 
paper and film scanners and scanning issues that determine image quality 
retained in the digitized imagery. Chapter 3 provides an introduction into the 
systems used to display digitized images and the functions that can be incorpo
rated within image displays. Chapter 4 describes board level components that 
are widely used in electronic document management systems. These produc 
are designed to complement personal computer or workstation systems and p 
vide high performance specialized document management functions (data co 
pression and decompression, high resolution display control, etc.). Chapter 
describes optical disk storage technology, including a sununary of the vario 
types of optical disk media and the devices used to store, retrieve, read, 
write optical media. Chapter 6 provides an outline of system design issues 
must be resolved in designing or purchasing a system for a specific applicati 
Chapter 7 describes a variety of actual systems in operation today. 
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24 W.B. Green 

Chapters 8 through 12 deal with more specialized topics in more depth. The 
reader interested in additional detail on the topics covered by the advanced top. 
ics section of the text can read individual chapters of interest after completing 
the first seven chapters. An alternate approach is shown in Figure l.9. Readen 
not interested in the more detailed information can read Chapters I through 7 in 
sequence; those interested in technical detail may follow an alternate path, read. 
ing Chapters 8, 9 and 10 between Chapters 2 and 3, and then reading Chaplen. 
I I and 12 after completing Chapter 7. 

References to more detailed information are also contained in selected chap. 
ters. The Appendix contains a general list of standard references, technical con. 
ferences, journals, and other sources of information available to those interested 
in keeping up to date in a rapidly changing area of new technology. 
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CHAPTER 

6 

System Design Considerations 

The previous chapters have provided an introduction to electronic documenL 
management systems and a detailed overview of the major components found in 
these systems. This chapter describes some of the sysLem design considerations 
involved in developing and operating a system, and Chapter 7 describes several 
operational systems lhat address various applications. 

Eleclru11ic document management systems arc implemented to automate spe· 
cific functions within a business, financial institution, or government agency. 
There are broad classes of system types designed to address specific types of 
applications. Systems in operation today range from those with hardware 
sclecced and software designed and developed specifically for an application to 
systems acquired from commercial vendors or system integrators that are 
applied to specific applications with no modification of basic hardware architec
ture or applications software. Many systems fall in between these two extremes, 
consisting of a commercially available system that has been adapted or cus
tomized to meet a specific application. 

It is not possible to review all the detailed design and cost tradeoffs involved 
in developing an electronic document management system in a single chapter of 
a textbook. Applications differ widely and technology is evolving rapidly; these 
two factors make it difficult to present a hard and fast generalized set of design 
rules. This chapter presents an introduction to considerations involved in design
ing an electronic document management system. The development of a set of 
system objectives is described. The cost benefit analysis used in making a deci
sion to utilize electronic document management technology to support all or part 
of an existing operation is reviewed. Following that review, several different 
generic applications are studied to determine the design and cost drivers inherent 
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in the applications. The chapter concludes with a review of wrne of the key 
decisions that are made while either designing or selecting a commercially avai l
able system for use in a particular application. By reviewing the topics and 
detailed examples presented in this chapter, and the design of the operational 
systems described in Chapter 7, the reader should acquire sufficient understanding 
to proceed with the first steps involved in (a) detem:Uning if an electronic docu
ment management system could benefit an existing operation and (b) the develop
ment of the approximate cost of implementing and operating such a system. 

DETERMINING SYSTEM OBJECTIVES AND 
PERFORMING THE COST BENEFIT ANALYSIS 

The first step involved in making the decision on whether or not lo implement 
an electronic document management system often involves a detailed examina
tion of current operational costs for a particular process and an analysis of the 
cost benefit Lo be derived from transition to an electronic document management 
system. The analysis compares the cost of current operations plus future antici
pated growth in current operations against the amortized cost of procurement of 
a computer based system, cost of training, and new operations costs based on the 
new system. The cnn~ideration is made over a fixed period of time in the future, 
and the analysis is often referred to as a cost benefit analysis. The cost bt:nefit 
analysis may not be the only factor in making the decision to proceed with sys
tem implementation, but it is almost always a major item of consideration in the 
decision. It may be desirable, for example, to implement an electronic document 
management system to improve customer response time or data security for a 
particular application, even if there are additional costs associated with the 
implementation. 

The cost benefit analysis generally starts with a complete definition of the 
operations and procedures within a particular activity. A review of the flow of 
documents within an activity, and the actions taken at every step of the process
ing by staff personnel, is made. This analysis results in an understanding of the 
workflow within a particular application. The review of established processes 
and procedures will generally result in the identification of one or more areas 
that are candidates for automation based on electronic document managerr.ient 
technology. Once the workflow is established for a particular activity, it is possi
ble to proceed to a top-level design of an electronic document management sys
tem that can be used to support that activity, or to evaluate commercially 
available systems against the processing requirements that have been identified. 

Chapter I summarized some of the advantages gained by transition lo elec
tronic document management technology. Systems arc generally implemented 
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either because the cost benefit analysis projects significant operational savings 
or because there are other business advantages to implementing electronic docu
ment management systems. In the best of cases. implementation of a computer 
based system will both reduce costs and provide addi1ional advantages. 

During the work flow analysis and L11e cos1 benefit analysis. ii is a good idea 
to determine the overall objectives associated with implementing the system 
under consideration. 111e overall objectives should serve as a guide during sys
tem design and cost tradeoffs that may occur during the design and implcmenta- · 
tion process. Examples of primary objectives on which implementation of new 
systems is based include the following: 

Productivity lmprovemetzt. Electronic document management systems may 
be developed for use where the primary concern is improvement in productivity . 
In document processing applications, throughput is generally measured in the 
number of documents processed in a fixed amount of time. Use of electronic 
document management technology may yield improved productivity for specific 
steps within a given application . 

Reduction in IAbor Cost. Depending on the degree of automation imple
mented within a given system. it may be possible to reduce the number of indivi
duals involved in processing documents for a specific application. A cost benefit 
analysis is often used to justify the implementation of a new system based on 
labor savings achieved over a projected period of time. In applications where the 
document volume to be processed is always increasing, it may be cost t:ffoclive 
to implement e lectronic document management technology instead of hiring 
additional staff. 

Reduction in Floor Space Cost. Some applications involve periodic query 
of a large generally static paper data base. In these cases a cost benefit analysis 
that evaluates the costs for storage of the material versus the cost savings 
achieved by implementation of an electronic document management system can 
be performed to aid in the decision to change to computer based technology. 
Cost benefit analysis may also include consideration of the Lime required for 
manual retrieval of information from large paper data-bases versus retrieval 
from an electronic document management system. 

Improve Customer Response Time. Time response is critical in many 
applications, including insurance claims processing, financial remittance fonn 
processing, loan application processing, and others. It is possible that 
implementation of an electronic management system will reduce the time 
required to support critical functions within a system and result in significant 
improvement in performance within specific applications. Electronic document 
retrieval can be faster than manual retrieval of files from paper storage, and 
documents can be routed to various locations electronically instead of manually. 
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Data Security and Integrity. Computer based systems can utilize available 
technology to restrict access to digitized document material. Various c lasses of 
users can be defined, each with different levels of access to document material 
which is categorized by the sensitivity of information contained within the 
document. Physical security of the facility concaining the central digital database 
may be easier to achieve and less costJy to 1mplemcnt when the database is 
stored on a single compute server than when it is stored in physical files of paper 
or microfilm. Misfiling of documents returned to the central file is also 
eliminated with the use of electronic document processing technology. 

This list of overall system objectives is intended to be representative, and no 
auempt has been made to insure that the list is all-inclusive. It is important to 
note that each of these objectives drives requirements on portions of the elec
tronic document management system. A system intended lo reduce floor space 
may feature the highest digital density storage devices available (and possibly 
the most expensive), and the cost benefit analysis might indicate that the 
increased equipment cost required to obtain the latest technology with the small
est footprint might be worth it in the long run if the reduction of floor storage 
space is a significant system objeclive. A system Lhat is being installed to reduce 
customer response time might feature the commercial networking equipment 
with the highest available bandwidth. Here again, the performance improvement 
may justify the additional investment in system capability. 

INITIAL SIZING OF 
DOCUMENT PROCESSING SYSTEMS 

The first step in implementing or procuring an electronic document management 
syslem is an initial sizing and scoping of the system. This is often done during 
the cost benefit analysis, once the system objectives and functions have been 
identified, in order to obtain a rough cosl of the system required to meet stated 
requirements and objectives. This section describes the sizing of a few systems, 
in some detail, Lo provide insight into lhe first stages of detailed system design. 

There are several key considerations that dictate the type of architecture and 
the hardware content of electronic document management systems. These 
include the following: 

Duratio11 of Docume11t Storage 011-li11e. The time period for which 
document material must be retained on-line for query, retrieval, and processing 
(coupled with the volume of document material processed in the application) are 
the main drivers on the amount of digital on-line storage that must be provided. 

Daily Processing Volume. The number of documents per day that must be 
processed is a major driver on system design. It drives requirements on scanning 

Page 39 of 93



W.8. Green 

based systems can utilize available 
:ument material. Various classes of 
·els of access to document malerial 
information contained within the 

•ntaining the central digital datab~e 
l implement when the database 1s 
it is stored in physical files of paper 
turned to the central file is also 
nt processing technology. 
1tended to be representative, and no 
;t is all-inclusive. It is important to 
:iuirements on portions of the elec
;tem intended to reduce floor space 
ige devices available (and possibly 
t analysis might indicate that the 
:he latest technology with the small
u n if the reduction of floor storage 
;tem that is being installed to reduce 
commercial networking equipment 
.gain, the performance improvement 
~m capability. 

NGOF 
;s1NG SYSTEMS 

m electronic document management 
e system. This is often done during 
objectives and functions have been 
f the system required to meet stated 
:scribes the sizing of a few systems, 
;t stages of detailed system design. 
dictate the type of architecture and 

nent management systems. These 

ine. The time period for which 
for query, retrieval, and processing 

rial processed in the application) are 
-line storage that must be provided. 

· of documents per day that must be 

1. It drives requirements on scanning 

System Design Considerations 111 

capacity, on-line storage, and cornmun1cations speed between multiple points 
within the system (e.g., between optical disk storage and workstations). 

Workflow Cot1sideratiot1s. The number of different operations to be 
perfonned on documents, and the now of documentS between processing stages 
within the system drives the overall topology of the hardware and associated 
networks. It also drives the complexity of the software required to support the 
application. 

At this point, the objectives for three different systems are described. and the 
impact of individual requirements on the sizing of the final system are illus
trated. These cases are intended to be representative, and a.re not inclusive of all 
situations that will be encountered. They are included here to provide guidance 
in overall system sizing since similar calculations can be performed for a variely 
of applications in order to size the system to the poinl where a rough system cost 
can be estimated. 

Transaction Processing Systems-Example 1 

Two different lransaction processing applications will be reviewed here. The 
first system must be designed to operate five days/week, eight hours/day. ll must 
be designed to accommodate a daily input rate of 50,000 8.5 x 11 inch document 
pages per day. single-sided. In this system, workflow analysis indicates that the 
acceptable time objective for completing several different processing steps on 
the input material is four days, and that each page of material is accessed on the 
average of four limes during this time period. An additional requirement is for 
on-line access to all documents scanned for a period of one year after initial 
scanning. It is estimated that each page will be accessed once every 30 days dur
ing the one year retention period. 

Scanni.Jig Considerations. Assuming a relatively high speed scanner can 
produce 3,000 pages per hour (including time for quality control and rescans), a 
total of 16. 7 hours of scanning would be required. The system operations are 
constrained to eight hours/day. This means that the system designer could select 
two high speed scanners with some risk that the daily throughput requirement 
could be met On lhe other hand, selection of three scanners would provide a 
comfortable margin of scanning performance while introducing additional costs 
for equipmenl and possibly another scanner operntor. 

On-Line Storage R equirements. There are two quite different on-line 
storage requirements for this system. The storage capacity must be designed to 
handle both the inunediate material being processed (four days worth of data 
accessed on lhe average of fou r times during this period) and the archived 
material from prior processing (one year's worth of data accessed on the average 
of once every 30 days). In this scenario, it is likely that the system designer 
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would elect to maintain the immediate material being processed (the four days 
worth of data) on magnetic storage to provide the fastest possible access during 
the time period when it is being accessed most frequently. This choice would 
also provide the fastest possible transfer of scanned data into the system, since 
optical disk access and read/write times arc slower than magnetic disk. The 
document material would be transferred lo optical disk jukeboxes following 
completion of the immediate processing steps during the lirst four days that the 
document material is in the system. 

With this design approach, the amount of on-line magnetic storage required 
for the application can be estimated. Assuming each scanned page would require 
SO K.Bytes when compressed with an average compression factor of JO: l, the 
on-line magnetic storage required to store four days worth of data would be: 

4 days x 50,000 pages/day x 50,000 bytes/page= JO GBytes 

The system designer will increase this amount of storage to accommodate 
uncertainty regarding the degree of compression achievable on the actual docu
ment material for the application, to allow some margin for error and processing 
periods that extend over the four day requirement, and to aJJow for on-line stor
age of other data required by the system (i ncluding system software, index data, 
associated catalog data, etc.). 

The amount of on-line optical disk storage can be estimated in a similar man
ner. Here the requirement is to store one year's worth of data. In this example, 
there are 5 days/week x 52 weeks/year or 260 days of operations. Note that holi
days are ignored in this example for conservatism in estimating storage require
ments. The total amount of on-line storage required to accommodate one year's 
worth of data would be: 

260 days x 50,000 pages/day x 50,000 bytes/page= 650 GBytes 

If 12 inch WORM media is utilized, holding 4 GBytes/platter, 163 disks will 
be required to accommodate this data volume. The system designer will have to 
determine whether to hold aJJ disks in a single jukebox witl1 multiple drives or to 
dislribute the data across two or more jukeboxes, based on the worldlow analy
sis within the total system. Here again, the system designer will increase this 
amount to provide for significant design margin, as described for the magnetic 
storage case. 

Data Tra11sfer Rates. Four different data transfer rates must be considered 
in designing this system: (i) the transfer rate required to transfer compressed 
images into the system during the scanning process, (ii) the transfer rate required 
to support the 4 accesses per page during the first four days of processing, (lii) 
the transfer rate required to transfer the compressed images from magnetic to 
optical disk storage following the 4-day processing period, (iv) the transfer rate 

Sy 

rec 
av1 

the 
to 
wil 

opl 

tirr 
evt 
tiir 

cal 
WO 

paf 
to! 

no1 

10. 

OV( 

the 
des 

Page 41 of 93



W.B. Green 

I being processed (the four days 
:he fastest possible access during 
;t frequently. This choice would 
mned data into the system, since 
slower than magnetic disk. The 
ptical disk jukeboxes following 
:luring the first four days that the 

·n-line magnetic storage required 
each scanned page would require 
compression factor of l 0: l, the 

fays worth of data would be: 

>ytes/page = 10 GBytes 

nunt of storage to accommodate 
m achievable on the actual docu
e margin for error and processing 
ent, and to allow for on-line stor~ 
ding system software, index data, 

:an be estimated in a similar man
's worth of data. ln this example, 
:lays of operations. Note that holi
ism in cstimnting storage require-
1uired to accommodate one year's 

bytes/page = 650 GBytes 

g 4 GBytes/platter, 163 disks will 
The system designer will have to 
jukebox with multiple drives or to 
:es, based on the work.flow analy
ystem designer will increase this 
~in, as described for the magnetic 

transfer rates must be considered 
: required to transfer compressed 
>eess, (ii) the transfer rate required 
first four days of processing, (iii) 
pressed images from magnetic to 
:ssing period, (iv) the transfer rate 

f 
System Design Considerations 113 

required to support the retrieval of each page from long term storage on the 
average of every 30 days during the one year archival storage period. 

It is assumed that image compression is performed either by the scanner or by 
the scanner server, so that the system input rate corresponds to the rate required 
to transfer compressed images into the system. The data rate at which image data 
will be entered into the system during scanning can be computed as follows: 

(50,000 pages/day x 50,000 Bytes/page) I (8 hr/day x 3,600 sec/hr) 
= 87 KBytes/second 

This is the same rate at which images must be transferred from magnetic to 
optical disk storage each day. 

During the 4-day active processing period, every page will be accessed four 
times, or an average of once per day. If the system is processing 50,000 pages 
every day, there will be 200,000 pages on-line in magnetic storage at any given 
time. If each of these pages is accessed once per day, the data transfer rate will be: 

200,000 pages x 50,000 bytes/page/(8hr/day x 3600 sec/hr) 
= 347 KBytes/sec 

Finally, the data transfer rate associated with accessing every page from opti
cal disk storage an average of once every 30 days can be estimated. One year's 
worth of data will correspond to 260 days/year x 50,000 pages/day or 13 million 
pages. One-thirtieth of this volume is 433,000 pages. Thus, the volume of data 
to be transferred from optical disk every day is a total of 

(433,000 pages x 50,000 Bytes/page) I (8 hr/dayx3600sec/hr) 
= 752 KBytes/sec 

For this example, the total data transfer rate requirement for the system can 
now be computed as the sum of the four individual data rates: 

Scan transfer rate: 87 KBytes/sec 
Document access during first four days: 347 KBytes/sec 
Transfer from mag to optical disk: 87 K.Bytes/sec 
Document access during one year retention: 752 K.Bytes/sec 

Total Data Transfer Rate: 1.273 MBytes/sec 

Converting from bytes to bits yields an average data transfer requirement of 
l 0.2 Mbits/sec during an eight hour day. 

The system designer must now select a network technology and design the 
overall topology of the network to support this volume of data transfer within 
the system. But there is still more work to do before completing the system 
design. Computer networks are generally rated by bandwidth, the total capacity 
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for data transfer measured tn bits per second However, there is a great deal of 
inefficiency encountered when transferring data across computer networks. 
Image data wiJI be segmented into blocks or packets of bits. Each packet will 
also include extra bits required by network protocols. The number of bits per 
packet is generally based on system designs for transfer of alphanumeric data, 
and is not optimal for tmnsfer of image data where large numbers of bits are 
involved. The system designer must account for these inefficiencies and increase 
the numbers computed above. 

ln addition to packet Sile inefficiency. most networks cannot operate close to 
their full bandwidth due to contemion for network resources that occurs when 
multiple processors on the same network demand communications services at 
the same time. System designers must also take network contention into account 
when designing document management systems. 

Finally. the computations presented above are c1verage and not peak values. 
The designer must take into account the fact that the workload will not be spread 
evenly through an eight hour day. or even within the same few minutes in a dis
tributed system. Systems must be designed to accommodate anticipated peak 
rates, not average rates, so that contention between tasks does not degrade sys
tem performance. The designer will incorporate another factor to translate aver
age values into peak values before completing system design. Sophisticated 
queuing models may be used to model various alternative designs to detennine 
the optimal network topology that will achieve minimum response time for all 
tasks performed using the system. 

The example given above indicates that an average of at least 10.2 MBits/scc 
of bandwidth would be required to support the application, based on the stated 
requirements. A network technology that supports data rates in excess of 10.2 
MBits/sec will be required to suppon this application, based on the considera
tions described above. the desire to retain a conservative margin in the design, 
and the desire to provide expansion capacity for the installed system. Current 
Ethernet networks based on twisted pair cabling provide bandwidths of 10 
MBits/scc, but the bandwidth is significantly degraded due to contention and 
packet protocol requirements. The system designer in this example would con
sider higher bandwidth network alternatives to suppon this application, or could 
consider a topology incorporating multiple Ethernet-based sub-networks. 
Detailed consideration of the workOow requirements, the most frequently uti
lized data transfer paths, and the overall topology of the installed system will 
dictate the final choice of network technology. This example illustrates the 
major impact of image data volume on communications links within electronic 
document management systems. 

Transaction Processing Systems-Example 2 

This example is the same example as the first system, except that the data reten
tion period is three years instead of one year and the access requirement on the 
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tong 1enn storage database is once every 60 days instead of once every 30 days . 
All other requirements are the same as the first example (the system must be 
designed to operate five days/week. eight hours/day, must acconunodate a daily 
input rate of 50,000 8.5 x 11 inch document pages per day, single-sided, the 
acceptable time objective for completing several different processing steps on 
I.he input material is four days, and each page of material is accessed on the 
average of four times during Lhis time period). 

Scanning Considerations. The scanning requirements are the same for this 
example as for the first example. 

011-f,,i11e Storage Requiremmts. There are two quite different on- line 
storage requiremenLS for this system, as in the first example. The storage 
capacity must be designed to handle both the immediate material being 
processed (four days worth of data accessed on Lhe average of four times during 
this period) and Lhe archived material from prior processing (three years worth 
of data accessed on the average of once every 60 days). The same division 
between magnetic storage and optical storage is assumed in this example. The 
volume of magnetic storage required for this example is th~ same as lbe first 
case (I 0 GByres). Again in Lhis case, the system designer would increase this 
amount of storage 10 accommodate uncertai nt y regarding the degree of 
compression achievable on Lhe actual document material for the application, to 
allow some margin for error and processing periods that extend over t11e 4 day 
requirement, and to a llow for on-Line storage of other data required by the 
system (including system software, index data. associated catalog data, etc.). 

The amount of on-line optical disk storage can be estimated as 

3 x 260 days x 50,000 pages/day x 50,000 bytes/page= 1,950 GBytes 

Tf 12 inch WORM media is utilized, holding 4 GBytes/plauer, 489 disks will 
be required to accommodate this data volume. This is clearly a case where a sin
gle jukebox will not suffice if the media capacity is 4 GBytes/disk. The designer 
wiJI provide a sufficient number of jukeboxes Lo accommodate this volume, 
adding a comfortable margin. Operationally, documents would be distributed 
uniformly across multiple jukeboxes as soon ai; the long term storage material is 
transferred to optical disk at the slarl of system operations. This would provide 
for minimum contention in retrieving data from the optical disk jukeboxes, since 
multiple jukeboxes and drives could service data retrieval requests prior to U1e 
end of the first Lhree years of operations. Note Lhe increase in cost required to 
accommodate a three year, instead of one year, retenLion period. 

Data Transfer RaJes. The same four different data transfer rates must be 
considered in designing this system: (i) Lhe transfer rate required Lo transfer 
compressed images into I.he system during the scanning process, (ii) the transfer 
rate required to support the four accesses per page during the first four days of 
processing, (iii) the transfer rate required to transfer Lhe compressed images 
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from magnetic to optical disk storage following the four day processing period, 
(iv) the transfer rate required to support the retrieval of each page from long 
term storage on the average of every 30 days during the one year archival 
storage period. The rirst three data rates arc the same as the first example. The 
data rate required to support retrieval of each page on the average of every 60 
days from the three year archival storage database must be estimated. 

One year's worth of data will correspond to 260 days/year x 50,000 pages/day 
or 13 million pages. Three year's worth of data will comprise 39 million pages. 
One-sixtieth of this volume is 650,000 pages. This is the volume of data to be 
transferred from optical disk every day. which is a iota! of 

650,000 pages x 50,000 Bytes/page /(8 hr/day x 3600sec/hr) 
==l.128 MBytes/sec 

For this example, the total data transfer rate requirement for the system can 
now be compuwd as the sum of the four individual data rates: 

Scan transfer rate: 87 KBytes/sec 
Document access during first 4 days: 347 KBytes/sec 
Transfer from mag to optical disk: 87 KBytes/sec 
Document access during l year retention: I I 28 KBytes/sec 

Total Data Transfer Rate: 1.649 MBytes/sec 

Cnnvcrting from hytcs to bits yields an average data transfer requirement of 
13.2 Mbits/scc during an eight hour day for this example. 

Several differences are apparent between the two examples presented here. In 
both cases, the system is intended primarily to support transaction processing, 
with the objective of completing processing of each input document within four 
working days. The requirement to retain infonnation beyond lhe four day period 
turns out to be a major driver on system design. In both examples, the data trans
fer volume associated with infrequent access to the long term database domi
nates the total data transfer requirement. The design of transaction processing 
systems becomes significantly more complicated if the document material must 
retained for access for any significant length of time beyond the standard pro
cessing time for the system. 

The increase in data transfer volume between the two applications is approxi
mately 30%. In both examples, the data transfer rates would stress all network 
technology except for the newer (higher cost) fiber optics based higher speed 
Local Area Networks (LAN's). In the first system, use of several lower speed 
LAN's might still meet the requirements. In the second example, the odds arc 
that higher cost, higher bandwidth equipment will be required. 
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Long Term Storage and Retrieval Example 

This example will be typical of an application where digital image technology is 
being used to query and retrieve document material from a very large and rela
tively static database. The document database in this example is assumed to con
sist of 20 million individual pages. ll is assumed that there is very minimal 
updating of this database on a daily or annual basis-only a few thousand addi
tional pages are added to the database every year. In this example, the daily 
update to the database is not a major factor in sizing the system. Eight hour/day 
live day/week operation is assumed in this example, and it is assumed that each 
of the pages in the database is accessed on the average of once per year. In actu
ality, the vast majority of documents in this type of application is almost never 
accessed, and a small percentage of the documents is accessed more frequently, 
but the average is still computed over the whole database. 

Scanning Considerations. In this application, the major scanning issue 
involves the initial conversion of the 20 million page database that must be 
performed before the system can come on-line for operational support. Again in 
this example, use of a relatively high speed scanner that can produce 3,000 
pages per hour (including time for document preparation, quality control and 
rescans) is assumed. At that rate, it would take almost 7 ,000 hours to scan the 
full database, or 833 days assuming one shift operations. If four scanners are 
utilized for a full year, the entire database would be converted to digital image 
format at that rate. The cost of the database conversion turns out to be a major 
driving factor in the cost-benefit analysis for this system. In the earlier 
examples, two scanners were almost adequate to accommodate the daily 
transaction processing scanning requirements, but the system could come on-
1.ine the first day of operations. In this example, a year of operations involving 
expensive equipment that will be utilized only a short period of Lime and labor 
intensive document scanning is required before the full database is on-line and 
available. 

On-Line Storage Requirements. In this example, the on-line storage 
requirement computation is straightforward. Again assuming 50 KBytes per 
compressed page, the total on-line storage requirement is 1,000 GBytes. 
Assuming 4 GBytes per 12 inch WORM platter, 250 disks are required Lo 
accommodate this data volume. Here again, the system designer will have to 
determine the data distribution across multiple jukeboxes (based on a detailed 
system design which is based on the workflow analysis within the total system) 
and will add margin to this computation to compensate for various factors in the 
estimation of total storage requirement and to allow for some future growth in 
the database. 
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Data Transfer Rates. ln this example, the dominant factor in computing the 
data transfer rate is the retrieval of document pages from lhc database. If it is 
assumed that each page is retrieved on the average of once per year, the number 
of pages retrieved per hour can be computed as: 

20.000,000 pages/yr I (8 hr/day x 5 days/week x 52 weeks/yr) 
= 9,615 pagesnu 

The data lransfer rate, assuming 50 KBytcs/page turns out to be 133 KBits/sec
ond for an eight hour shift. This transfer rate is well below those computed for 
the transaction processing system described in the earlier examples. Even though 
this is a major system that would obviously involve several operators working 
simultaneously on the database to achieve the 9,615 pages/day access rate. the 
data transfer requirements in this system can probably be achieved using less 
expensive, lower bandwidth technology than appeared to be required by the 
transaction processing systems described above. 

Here again, detailed system design would consider average versus peak com
munications rates and incorporate additional design margin and conservatism Lo 
insure lack of contention between operators and acceptable system response 
time for the operators using the system. 

An Alternate Approach to Backfile Capture 

The last example illuSLrates one case where capture of the existing document 
database from either paper or film files (microfilm aperture cards, microfiche) 
would be a major cost driver in conversion of an operation lo an electronic docu
ment management system. The example assumed that the entire existing docu
ment file had to be converted into electronic images before the system was 
declared operational. The set of existing document records that arc either on 
paper, film, or both, that exists in a ·particular application at the Lime that the 
operation converts to digital processing is often referred to as the back.file. 

There is an operational approach that can be used to minimize the costs of 
backfile capture. The approach involves a phased transition of the document file 
to digital format. When the new eleclronic document management system comes 
on-line, it is designed to convert all new incoming material to image format, so 
that all "day forward" new material entered into the system will always be digi
tized. Whenever a user calls for a document that is located in the backfile, the 
document is retrieved from paper or film records and converted to digital fom1at 
and properly indexed at that point. This process continues during operation of 
the new system, and over a period of time the backiile is slowly converted to 
digital format. In many applications, some backfile documents are never 
requested again, while some documents in the back.file may be relrieved several 
times during normal operations. In many cases, the backfile documents may 
never be convc1ted to electronic format. 
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This approach m1nimiz.cs the effort required for backfile conversion. The 
scanning, indexing, and quality control operations arc performed only on back
filc documents that arc still in active use, and the total amount of labor and 
equipment required for backfile capture may be significantly less than that 
required to convcn the entire backfile. 

The disadvantages of this approach may include the fact that the backfile 
material may be degrading with time, and "on demand" backfile conversion may 
eventually result in a significant loss of ponions of the original material. The 
·•on demand" approach to backfilc conversion may also operate more slowly 
than a rouLine batch production scanning operation that is directed toward sys
tematic capture of the entire backfile. In the "on demand" approach, individual 
documents must be located on paper or film, retrieved, and scanned individually. 
Evaluation of the "on demand" backfile capture approach for a specific applica
tion is also performed as part of the overall system design study. 

ADDITIONAL SYSTEM DESIGN ISSUES 

This section contains a summary listing of issues that are generally addressed 
during the system design or system procurement process. This Listing is not 
intended to be a complete checklist, but it does include some major considera
tions that are generally dealt with when an operational activity is phased over to 
an electronic document management system. 

Spatial Resolution 

The subje(;l of spatial resolution of scanned imagery has been dealt with at some 
length in Chapter 2, and the impact or scanning resolution on image quality is 
also discussed in the Advanced Topics section of the text. Choice of scanning 
resolution ultimately represents a Lradeoff between communications time for 
documents to be transferred between points of the system, computation time 
required for compression/decompression, and the quality of the scanned imagery 
and legibility of the information contained within the documents. 

Selection of the scanning resolution affects other system features as welJ. One 
example is the appearance of document material on display screens and the 
degree to which document infonnation can share display space with other infor
mation (such as pull down menus and other user interface or control infonna
tion). Figure 3.5 showed three different ways in which a 1,700 x 2,200 pixel 
high resolution binary display can be used for document and user interface infor
mation. If Lhe document material has been scanned at 300 dpi, an image of an 
8.5 x 11 inch page will be too large to be displayed on a 1.700 x 2.200 pixel 
screen. Figure 3.5 showed two different display modes for imagery scaled to 150 
dpi using hardware or software. If the 8.5 x 11 inch document was scanned at 
200 dpi, then the 1,700 x 2,200 pixel display was adequate to display the fu ll 
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image in portrait mode, but there was no room left on the display for user inter

face infom1ation. 
Once the scanning resolution has been selected. additional decisions must be 

made regarding the methods used to display scanned images on workstations, 
and methods used to produce hard copy from scanned imagery. In most systems, 
hardware or soflwarc scaling is provided al various points in the system to 
accommodate differences between scanning resolution and output resolution. 
Many systems have been designed to capture document material at the highest 
resolution deemed appropriate for the application, and then scale the infonnation 
to lower resolution for specific operations at various points in the processing. 

Document Indexing 

Effective document retrieval, and effective query of document databases, require 
that an appropriate scheme for indexing be defined for every electronic docu
ment management system. Most systems either provide indexing, query, and 
retrieval capability or utilize commercially available database management sys
tems to support these functions. 

Tbe application dictates the type and degree of docwneot indexing required. 
lo some systems, a unjque identifier assigned to every scanned page is adequate. 
Check processing systems and transaction processing systems often involve an 
index scheme utilizing only the discrete unique idenlifier of every image 
scanned. Most systems, however, require a more complex indexfog scheme. 

lndexfog schemes often reflect the logical struclure of the document database. 
Digitized images are organized into individual pages. documents U1at consist of 
one or more pages, files that may contain one or more documents, etc. Material 
can be retrieved based on these indices at any level (page, document, or file). 
Some indexing schemes also retain content information as part of the database 
index, so that searches can be initiated for all documents that contain specific 
information. Indexing schemes may also involve a time reference base, so that 
queries can be made for all documents that meet a specific search criteria within 
a specified time period. 

Index information is most often associated with document material at the 
point of initial entry of information into the system-the scanning operation. 
During scanning, or in a separate step jusl after scanning, data can be entered by 
operators or automatically by the system that provides the index keys that will 
support the required types of database query and retrieval. Automated indexing, 
involving the use of bar code recognition or optical character recognition tech
nology may be used, with or without manual quality control review of assigned 
index values. These technologies arc described further in the Advanced Topics 
section of this text. 
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security and Data Access Issues 

One advantage of the use of electronic document management systems versus 
paper or film files is the degree of data access control provided by computer 
technology. It is possible to define several types of users based on the degree of 
access provided to lhe document aatabasc. Some individuals may be restricted to 
query and retrieval of specific c lasses of documents, for example. It is possible 

10 partition the digital document database into subsets or segmenL'i and to control 
access by individuals to each of the subsets or segments. fl is also possible to 
establish an audit trail, maintaining a record of access to each document, includ
ing the individual. date and lime of access, ere. It is also easy to prevent public 
access to portions or all of a document database if desired. 

Data access is another issue that should be considered during the system 
design or procurement process. Early decisions are required regarding the access 
restrictions to be applied to specific classes of documents, the various types of 
operator access required to perform the functions within the application, and the 
levels of security control for the overall system. 

Centralized Versus Distributed Functions 

One of the results of the overall workflow analysis that occurs prior to system 
selection or design is a series of decisions regarding the approach to allocation 
of several system functions. General decisions are made regarding centralization 
or distribution of specific operations within the overall system. A centraliied 
function is performed at one location withfo the overall system, and a distributed 
function can be performed at more than one location. 

One ex.ample of a function for which lhis decision is required is document 
scanning. In one application, documenl entry into the system may be a well
defincd production procedure. In an insurance application, for example, all 
claims may arrive at a central mailroom, and the scanning, document indexing, 
and quality control functions can best be perfonned in that location using dedi
cated scanning equipment, associated workstations. and support software. ln a 
different application, it may be that document material arrives at various points 
in the system (different departments or branch office operations of one organiza
tion), and it may be more efficient to input document materfaJ into the system at 
more than one physical location. If that is the case, all scanning locarions will 
require the same capability in tenns of scanning equipment, workstations, and 
support software. 

The location of the document database represents another design decision. 
For some applications, a centralized database serving a distributed operation 
may be desirable. For other applications, it may be desirable to divide the data-
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base between several different locations. each with a specialized set of tasks to 
perform. The centralized database concept provides a single point of access and 
distribution of all document data within the system. The distribuLed database 
concept may or may not require that all locations within a given system have the 
capability of accessing any document within the system, wherever it is stored. 
Herc again, workOow analysis, tradcoffs between communications bandwidth 
and equipment expense. and cost tradcoffs general ly indicate the appropriate 
solution for a given application. 

Generation of hard copy output is another function that can be centralized or 
distributed. A centralized hard copy generation capability provides better control 
of informaLion distribution via hard copy, and that degree of control may be 
desirable in a specific application. Distributed hard copy generation provides 
efficient response to output requirements at individual locations within a system, 
but it may result in a lack of control of information dissemination. Analysis of 
workflow, hard copy volume requirements, cost, and communications link trade
offs is required to determine the optimal manner in which hard copy output will 
be provided within a given system. 

User Interface Considerations 

Work.flow analysis will generally determine the allocation of individual func
tions to multiple operator positions within a given system. Some systems may 
involve use of a centralized database with multiple operators all performing the 
same functions. More complex systems may involve several different classes of 
operator stations, with document material flowing from the entry point in the 
system through a series of processing steps that are perfonned in different parts 
of the system, typically on different workstations. In the latter system, different 
software is required to support each function assigned to a different operator 
position, while for the first example the same software is present in all locations. 

Software generally supports the operator interaction with the system. 
lndividual tasks or operations performed within a given system on document 
material will require different types of access to document information, and soft
ware must also support all operator actions that will be taken based or1 review of 
document conten t at each point in the system. In some simple systems, for 
example, the only requirement may be for operator query, retrieval, review, and 
on-demand printing of document information. More complex systems may 
involve several stages of processing. For example, in a claims processing opera
tion, it may be necessary to support the following set of operator functions. each 
of which may be perfonned at physically different locations within the system: 

i) Document scanning, indexing, quality control and rescan 
ii) Initial review of claim for completeness and accuracy with generation of cor

respondence as required, routing of claim to appropriate processing point 
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iii) Review of claim for validity, with generation of correspondence for claims 
not valid 

iv) Determination of compensation, including access and retrieval of stan
dard data files in addition to the claim itself 

v) Supervisor review of actions taken, including initiation of correspon
dence, printing of check reimbursement, entry to/from accounting 
database 

vi) Overall system management, including work.flow monitoring, reassign
ment of functions to operators, monitoring and assessment of operator 
performance, generation of management reports 

Each of rhese individual functions will require support from a display and 
soflware that provides the operator with the capabilities to perform each of the 
functions listed above. Design of an interface supporting each of these functions 
involves many complex decisions. including a consideration of its ergonomic 
impact. These functions will generally be perfonned repetitively every day by 
the same operator, so issues of operator ease of use. operator fatigue, and use of 
interactive equipment to control specific functions (e.g., a mouse). are all involved. 

Document Presentat ion to the Operator 

There are many ways of presenting document information to the operator using 
display equipment. If documents within an application consist of a single page 
only, the issues are simplified. In cases where documents may consist of more 
than one page, and lhe uperalui' will require access to multiple pages within the 
document, various methods have been developed that make it possible for the 
operator to view the total document in order to select the page or pages of inter
est. Figure 6. l shows two different methods. 

The left side of Figure 6.1 shows a display containing an image of every page 
of a document presented Lo lhe operator in a single display at highly reduced res
olution. The resolution must be adequate for the operator to determine the gen
eral content of each page. The operator then uti lizes software (and possibly 
some interactive hardware) to select the pages required to complete the assigned 
task. This is a good way to display documents that may consist of a mixture of 
standardized forms and associated document material that is less structured 
(such as correspondence, receipts, and copies of supporting material). 

A second method of displaying a document is shown on the right side of 
Figure 6.1. Here the individual pages are shown in a "stacked" format, with the 
edges of each successive page visible to the operator. ·If enough material from 
each page in the document is visible to the operator, it should be possible to 
select individual pages. It may also be possible to "browse" the document at full 
screen resolution (in a forward or reverse direction) using this type of interface. 
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Figure 6. 1 Two different examples of document display for operator review. 

The Impact of the Open Systems Philosophy 

In lhe early days of lhe computer industry (the 1950s through the 1970s), most 
computer vendors sold proprietary hardware and software solutions to customer 
problems. Purchase of a particular vendor's systems involved an internal com
mitment to long Lenn utilization of 1hat vendor's products. Transition from one 
vendor to another required a signifirant investment in tenns of trainjng on new 
equipment, new operating systems. new communicalions protocols, and some
times new programmjng languages. Peripheral hardware procured to operate on 
one vendor's equipment would often not operate as a peripheral on any other 
vendor's equipment because lhe interface and communications protocols were 
proprietary. 

In the 1980s, customer pressure and the emergence of industry-wide s1an
dards caused a significant change in the business environmen1 within the com
puter industry. Standards started governing the most widely uti lized technology. 
Standardized communications protocols emerged, enab ling data 1ransfer 
between equipment manufactured by different vendors. Operating system stan
dards were driven by the widespread acceptance of the Unix operating system. 
Standardized display protocols also emerged. By 1990, the market was being 
driven by standardization efforts. 

The Internacional Standards Organization established a set of standards gov
ern ing communica1ions between processors, called tbe Open Systems 
Interconnection (OSI) standard. This standard defined seven djfferent layers of 
interaction thal could occur between disparate processors. The lowest layer is 
the physical linkage. Higher layers contain components al increasing levels of 
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abstraction, including applications software. The emergence of these standard
·1..ed definitions has led 10 developmen1 of so-called Open Systems architecture. 
1 

The result of the standardization embodied in the OS I structure and other 
standards Lhat have emerged based on the same general philosophy has been 
beneficial for U1e customer making the investment in hardware and software, 
and ii has increased the competiti ve pressure within the computer hardware and 
software vendor community. It has a lso broadened the market that can be 
addressed by indi vidual components manufactured by the vendors. The main 
impact of standards can be sununarized as follows: 

i) Peripheral devices now communicate with processors via standardized 
hardware and software interfaces. This means that a standards-compliant 
peripheral device (such as a scanner or a disk drive) can operate on 
processors manufactured by many vendors. Still more important, the 
peripheral device will probably also work on the next generation proces
sor as well, so that users can take advantage of improved processor per
formance without losing their investment in peripheral equipment. 

ii) Software language standards and operating system standards means that 
software that operates on one processor will also work on processors 
from other manufacturers. Here again, the user's investment in software 
development and training is protected, since the software and operating 
system can migrate to newer generations of hardware with minimal mod
ification effort. 

iii) Standardized communications protocols make it possible to connect sys
tems for several different vendors within the same networked distributed 
system. Systems that consist of networked configurations containing 
processors and equipment from multiple vendors are often called "het
erogeneous systems." 

iv) Standardized display protocols make it possible to display images and 
other information on equipment of varying resolution and capability man
ufactured by more than one vendor. The investment in software and user 
training is again protected, and systems can evolve into newer, more capa
ble equipment without major investments in new software development. 

v) ln the document processing world, standards have evolved that make it 
possible to run the same applications on more than one vendor's hard
ware. One example is the use of the CCITI image compression standard 
for binary image compression. As seen earlier, almost all board level 
products used in electronic document management systems support 
CCITI compression and decompression functions. 

Use of Open System methodology (in other words, compliance with industry 
standards) makes it possible to procure the latest most capable hardware to sup
port a specific task. Users are assured that they can make the most cost-effective 

', 
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purchasing decisions at any time, because much of the development investment 
is protected by standards compliance. 

The Open Systems approach is especially relevant to newly emerging tech
nology, such as electronic document management. Most systems used to process 
documents are relatively new. As the technology matures, it can be anticipated 
that the variety and type of applications for this technology will expand. In addi
tion, many installations will initially commit lo conversion of only a portion of 
their operation to computer based technology. As more applications migrate to 
the system, it will be forced to expand or be replicated. Open Systems compli
ance will insure that systems can migrate to the latest available hardware and 
achieve the benefit of improving price-performance ratios that characterize the 
computing industry. 

When evaluating a system, it is important to determine the degree of stan
dards compliance of any system procured from any vendor to guarantee maxi
mum flexibility in the future. Similarly. those designing and developing new 
systems can benefit from standards compliance since it will simplify the devel
opment effort and insure graceful expansion capability in the future. 
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CHAPTER 

7 

Examples of Electronic Document 
Management Systems 

The number and variety of applications addressed by electronic document man
agement systems continues 10 increase as the technology develops and the cost 
benefits of electronic imaging become increasingly clear for individual applic.a
tions. The majority of the first systems utilizing electronic document manage
ment technology were used for archival storage and retrieval of document 
material. More recently, electronic document management techniques have been 
applied to improve productivity and reduce processing time in transaction-ori
ented applications. Storage and retrieval systems and transaction processing 
systems have emerged as the two broad categories within which most applica
tions can be classified. Within these two classifications, many different types of 
systems have been developed to address specific functions, and some systems 
combine attributes of both categories. 

This chapter describes the characteristics of the two categories of systems. 
Several examples of real installed systems are described, providing concrete 
examples of the application of the components and technologies described ear
lier in this text to real world situations and applications. 

STORAGE AND RETRIEVAL SYSTEMS 

The first systems lo incorporate electronic document management techniques 
were storage and retrieval systems. These systems developed during the late 
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1970s and early 1980s, in parallel with the introduction of the first commercially 
available optical disk storage devices and corrunerciaJ scanners. Optical disk 
technology offered the promise of long tenn storage capability at a reasonable 
cost per bit, providing a competitive alternative to micrographics systems with 
all the advantages of digital technology discussed earlier in this text. 

The main application for storage and retrieval systems involves query and 
retrieval of documents from a large central database by a distributed set of users. 
The central database contains a collection of documents that do not change over 
long periods of time, although periodic updating of the central database may 
occur. Examples of systems of this type include storage of large volumes of per
sonnel records and storage of reference documents (e.g., patents) in Government 
applications. Documents are indexed by search indices relevant to the specific 
application, and these systems generally feature a limited number of user inter
faces or may support a single user interface. 

lmplementation of a storage and retrieval system generally involves scanning 
of a large backfile of existing document material before the system first comes 
on line for general use. Scanning of hundreds of thousands of pages of material 
from paper or film sources is not uncommon when a new system is installed. 
Care must be taken to index the scanned backfile to enable efficient query and 
retrieval of the document material. Re-indexing a scanned backfile of documents 
is a very inefficient way to correct an oversight in the initial design of the search 
keys for a particular application. 

User interfaces for these systems support query, retrieval, and display of doc
ument material, and these systems generally provide for generation of hard copy 
printout of documents that have been retrieved from the central database. 

TRANSACTION PROCESSING SYSTEMS 

Transaction processing systems are generally designed to handle applications 
driven by a daily or periodic flow of document material. Most transaction pro
cessing systems are based on incoming fonns or correspondence that must be 
processed in a timely manner. Examples of applications supported by electronic 
document transaction processing systems include insurance claims processing, 
pr~cessing of applications (driver's license, auto registration, employment, 
patent applications, etc.), and processing of financial documents (checks, remit
tance slips, stock certificates, etc.). The applications are generalJy characterized 
by a requirement to process infonnation within a specific time period. They are 
often forms-driven, although many transaction processing systems also support 
processing of correspondence and material not provided on specific forms. 
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Transaction processing systems generally do not involve development and 
maintenance of a large static database. A database may be maintained tha1 con
tains a record of all material processed wilhin a specific time period, but the 
database is generally dynamic--older material is eilher discarded or moved to 
off line storage on a periodic basis. The main focus of transaction processing 
systems is expedited handling of the most recent incoming data, with a sec
ondary focus on the ability to locate historical records of earlier transactions. 
The systems are generally designed to provide essentially instant access to cur
rent material and are optimized for rapid response times when retrieving or pro
cessing current information. They may also provide access to older historical 
information, and the response time is generally much longer for retrieval and 
display of historical information than is associated with retrieval of current data. 

Transaction processing systems are often designed to support many different 
processing steps within a single system. Individual workstations may be dedi
cated to specific functions within the application. These systems may support 
the workfiow concept; documents may flow sequentially th'rough the system, 
passing automatically from workstation to workstation as lhe operations associ
ated with the information processing are completed. The user interface may be 
different on different workstations within the same system, reflecting the assign
ment of individual functions to specific workstations. 

The system may be designed to incorporate automatic forwarding and routing 
of scanned document material. It may include administrative reporting capabil
ity, so that management can monitor the flow of information and processing sta
tus on a periodic basis. Typical examples of statistics that may be used for 
management of the processing performed by these systems include lhe number 
of incoming forms per day. the number of pending activities at each stage of the 
process, and the number of completed functions for a given time period. 

OTHER SYSTEM CATEGORIES 

This introductory section has described the two broadest categories of electronic 
document management systems. The distinction is not perfect, and many sys
tems include elements of both types of systems as described above. Within these 
broad categories, specific types of systems have emerged that address individual 
applications areas or processing of specific types of information. 

One example of a significant sub-category that has evolved are systems 
designed to process and maintain engineering drawings. These systems incorpo
rate specialized equipment to accommodate large drawings. aperture cards, and 
Computer Aided Design (CAD) files and include can include transaction pro
cessing functions (incorporation of new drawings, automated routing of new 

Page 58 of 93



130 W.B. Green 

dc:-.igns for approval, etc.) and archival storage and retrieval functions (serving 
as the repository for storage, retrieval and display of all design material for a 
particular activity). 

Another example of :i sub-category arc systems designed for processing of 
financial documents, such as check processing systems. These systems arc 
designed to scan incoming checks, may include character recognition or hand 
keying to extract amounts from checks, may support computation of trial bal. 
anccs, and may provide the capability to store check images on optical di~k 
media for long tcnn archival storage and retrieval purposes. 

The remainder of this chapter contains summaries of several different types of 
electronic document management systems. Each of the systems described is a 
real system, in actual operation within the application that is described. For each 
system, a description of the application and the system architecture that was 
developed to support the application is described. This chapter is designed 10 

show applications of the technology described in the earlier chapters to real 
world problems and applications. The systems described in this chapter are sys
tems that involve processing of relatively large volumes of information, and they 
serve to illustrate the fact that the technology has evolved to the point where 
major applications problems can be addressed in a cost effective manner using 
electronic imaging systems. 

NATIONAL ARCHIVES AND RECORDS 
ADMINISTRATION OPTICAL DIGITAL IMAGE 

STORAGE SYSTEM (NARA ODISS) 

As the central reposicory for pemrnncntly valuable records of the federal govern
ment, the United States National Archives and Records Administration has an 
ongoing responsibility to evaluate new technology for potential incorporation 
within its operations. In 1984, NARA' s Archival Research and Evaluation Staff 
recommended that a pilot system be installed to evaluate the use of digital image 
technology and optical disk storage technology for long term storage and 
retrieval of document material. A specili<.: subset of the NARA document files 
was recommended for use with the pilot system to provide a detailed evaluation 
of the operational factors associated with the use of digital image technology in 
a well-defined storage and retrieval application. A procurement was initiated in 
l 985, with contract award in 1986 and installation and operation and evaluation 
of results occurring in the 1988-1989 time period. This unique pilot program 
included evaluation of several different technology components that were com
mercially available in that timcframe, and quantitative performance results for 
document scanning, retrieval and other functions were defined and documented. 
A fi nal report1 that describes the projcr.t approach, the system and subsystems 
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that were implemented, and quantitative results of operational testing on a subset 
of NARA 's records is available. It is one of the most complete summaries of 
implementation and operation of a digital image storage and retrieval system yet 
produced. This section describes the application selected by NARA for evalua
tion. the ODISS system and its components, and some of the results contained in 
the final report. 

The goals for the ODISS system are summarized in Reference 1 as follows: 

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

ii) To detennine the optimal scanning density for documents consistent with 
producing legible images while minimizing storage requirements 

iii) To assess the storage capacity of the system and media in terms of stor
age cost and efficiency 

iv) To evaluate system capability to automatically retrieve stored optical 
images using electro-mechanical devices 

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

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

These objectives drove the selection of system components, the overall archi
tectural design of the ODISS system, and the design of the custom software 
developed to support the application. 

The Application 

The General Reference Service Branch of NARA is responsible for maintaining 
the compiled military service records (CMSR's) of the United States, and the 
Pension and Military Service Records Section supports approximately 300 lo 
400 requests from the general public per day relating to military service records. 
A subset of the CMSR was selected for use as a pilot application for ODlSS, the 
Tennessee Confederate CMSR records containing documents from the Civil 
War era. These records consist of a jacket for each individual and a set of docu
ments enclosed in the jacket. The jacket contains the name of the individual and 
other relevant infonnation, and scanning of the jacket for each individual was 
required. The scanned jacket image became the first image of the file created for 
each individual. The jacket contents could include reference cards, reference 
slips, envelopes, or folders containing additional documents, and general corre
spondence. The age of the material, and variation in paper size and weight, the 
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different writing instruments used to record informatl()n, and the general condi
tion of the document material {much of it stained, discolored, folded, or dam
aged) provided an excellent sample set or material with which to evaluate 
modem electronic scanning and image processing technology. 

The Tennessee CMSR records are filed in boxes. with each box containing 
approximately 150 to 180 soldiers' records. The paper files arc maintained by 
regiment, with soldiers' files stored alphabeticaJJy by name. Physical search and 
access is provided by the NARA staff. A microfilm record of this material also 
exists. which provided a good comparison between the documem preparation 
required for lilm versus digiial scanning and other cost and efficiency compar
isons. The results from the digital scanning process indicated that 53.783 indi
vidual files were contained in the Tennessee CMSR material. and 220,713 
images were produced from this material. Five l 2 inch optical disks were 
required to store the material; the paper document material occupies 80 cubic 
feet in the NARA archives. 

Figure 7. I shows one example of a scanned jacket from the Tennessee CMSR 
shown on a high resolution display that also displays user interface menus and 
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Figure 7 .1 Scanned jacket image from the Tennessee CMSR records. From Reference l. 
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within the Tennessee CMSR records. From Reference 1. 

133 

information available for the individual soldier file that is displayed. Figure 7.2 
shows one example of the type of material that is also found in an individual 
file. Both document images have been rotated within the display system so they 
can be viewed in proper orientation on the display, the image in Figure 7.1 by 
180 degrees and the image in Figure 7.2 by 90 degrees. 

The system was designed to support several main functions. The first function 
was scanning, indexing, and quality control of the documents selected for this 
pilot study. A record was kept of the level of effort required for document prepa
ration and scanning, and statistics were maintained relating to the percentage of 
scanned images thal required rescanning for a variety of reasons. The second 
function was support of public requests for data by NARA staff members. 
Workstations with specially designed software supported query of the document 
database, retrieval of scanned images, and generation of hard copy outpul of 
specific documenls. A third function involved placement of a search lenninal 
wilh digital image capability in lbe NARA public search room and support of a 
remote terminal at the Tennessee Archives that enabled search of the indices of 
the documents but did not include image display capability. Studies were made 
of the operation of each of these functions and the advanlages and disadvantages 
associated with use of digital imagery instead of paper documenls or microfilm. 
These are described in Reference 1. 
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The ODISS System 

Figure 7.3 shows the overall ODISS system as installed at NARA. Overall con
trol of all operations, data flow, and routing within the system was performed by 
a centralized system manager. a microprocessor on which a conunercially avail
able database management system was resident. The bus architecture was based 
on Multibus, and direct RS-422 connections between the system manager and 
the workstation servers were utilized. This dei.ign was selected to minimi~.c 

delays associated with transfer of data over slower commercially standardized 
networks that were not optimized for image data transfer. 

A capture server microprocessor and custom software supported several dif
ferent scanners. One of the major objectives or the ODISS pilot system was 
evaluation of the abili ty of commercially available scanning equipment to han
dle fragile documents, documents of different sizes and paper weight, and docu
ments with varying image quality. Four separate scanners were installed within 
ODISS to support this objective. A high speed paper scanner was used for pro
duction or volume scanning of the majority of document material. Clear poly
ester sleeves were used to enclose the more fragile documents to prevent 
damage during high speed scanning operations, which worked satisfactorily with 
the high-speed scanner. The high-speed scanner operated at 200 dpi, scanning and 
compressing up to 26 pages per minute, double-sided. Custom software supported 
operator control of scanning operations and indexing of individual documents. 

Two lower-speed paper scanners were also provided. A Oat bed paper scanner 
was provided for scanning of document material that was too fragile to be 
scanned on the high-speed production unit. A third paper scanner, also a flat bed 
unit, produced gray scale imagery (8 bits per pixel) and was provided LO support 
an image enhancement system incorporating various image processing and 
enhancement algorithms. This image processing subsystem was used to experi
ment with application of image enhancement techniques to poor quality docu
ments. Different image processing algorithms were applied to scanned 8 
bit/pixel imagery to improve the quality of scanned material whose original 
quality was poor. 

A custom film scanner was included in the ODISS to evaluate the quality of 
document material scanned from a variety of microfilm sources. The film scan
ner was a modification of a microriche scanner that also could accommodate 
aperture cards, 16 mm and 35 mm microfilm. 

The scanned documents were stored on 12 inch optical disk media mounted 
in a jukebox. The jukebox configuration included two separate disk drives, and 
the jukebox was supported with a separate microprocessor server. 

Several workstations were included in the ODlSS configuration. A detailed 
view of the workstations is shown in l'igurc 7.4. Each workstation featured a 
microprocessor board and board level components supporting image compres
sion, decompression, and high-resolution image display functions. The worksta
tions were used for various purposes within the system. The scanner control 
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workstation incorporated software controlling the various scanners in lhe scan· 
ning subsystem. A quality control workstation was used 10 review scanned docu
ment images and the associated index data that had been entered during the 
scanning operation. The quality control operator would compare the scanned 
document image and associated index infonnation on the same display screen 
(see Figure 7. l for an example) with the original paper document and determine 
that the index information was correct and that the quality of the scanned image 
was acceptable. If the scanned material was acceptable, lhe scanned document 
would be entered into the archival database on optical disk; if not, the document 
would be returned for rescanning. 

Workstations supporting the NARA staff in query and retrieval also incorpo
rated custom software supporting those functions. Figure 7.5 shows the lop-level 
menu presented at initiation of a database search by NARA staff members. Jn the 
tower left portion of the screen menu, staff members would enter as many fields 
as would be available to initiate a search. The system then utilized a corruner
cially available database management system to search the index fields associated 
with the scanned document database. It would then present the results in the for
mat shown in Figure 7.6. At that point, researchers could request image display of 
specific documents in the formats shown earlier in this section. The system also 

Figure 7.5 Top level menu used to initiate document database searches by NARA 
staff members using ODISS. From Reference 1. 
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Figure 7.6 Results of database query initiated as shown in Figure 7.5. The staff mem
ber can now display selected documents by using functions keys as shown in the lower 
right-hand corner of the display. From Reference 1. 

supported remote access to index data (bul not image access) at the Tennessee 
state archives, and it provided image display at the public search room at NARA. 

Summary 
ODISS was used to scan the Tennessee CMSR database and was then used to 
support staff query and retrieval functions within a controlled and monitored 
environment. The final ODISS report contains many significant conclusions and 
cosl comparisons between the use of electronic document management technol
ogy and the alternative use of paper files or microfilm. All of the results of this 
pilot test arc too voluminous to be reprinted here, but following are several of 
the conclusions summarized in Reference 1: 

• The ODISS Project demonstrated a three-fold reduction in the amount of 
staff time required to search and retrieve name index files of the 
Tennessee Confederate CMSR ... 

• The ODISS search and retrieval system provides a greatly enhanced 
access capability to the Tennessee Confederate CMSR. Extension of this 
search and retrieval capability to other CMSR, Pension, and Bounty Land 
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records is likely to lead to greater use of the records as new questions of 
historical research are formulated ... 

From the cost analysis ... it appears that any conversion of paper records to 
an alternate form cannot currently be justified purely on the basis of cost 
aJone. However, the ODlSS project also identified other intangible bene
fits, 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 indi
vidual merits ... 

The ODISS project also demonstrated the effectiveness of implementing a 
pilot system with well defined objectives addressing a subset of a total operation 
for use in evaluating the utility and potential cost benefits of this new technol
ogy prior to commitment to the new technology on a much broader scale within 
an existing operation. 

ENGINEERING DATA MANAGEMENT SYSTEMS 

Digital document management systems capable of supporting engineering draw
ing databases of hundreds of thousands of engineering drawings are emerging as 
a special class of general electronic document management systems. This sec
tion describes two different engineering document management systems pro
duced by different vendors for customers with specific requirements. In both 
cases described here, il was necessary to perfonn backfLle capture of an existing 
data base of engineering documentation; both systems include interfaces with 
Computer Aided Design (CAD) workstations for capture of current design infor
mation lhat is generated in computer compatible format. 

Engineering Drawing Repository 

The Integrated Automation Division of Litton Industrial Automation Systems, 
Inc., has implemented an Engineering Data Repository system for a worldwide 
heavy equipment manufacturer. The system is shown in Figure 7.7. This system 
is typical of current open architecture standards-compliant designs. A variety of 
equipment from several manufacturers has been integrated into a unified system, 
with communications paths and interfaces that exploit existing standards. 

The system supports electronic capture, storage, revision management, 
archiving, distribution, viewing, and communication of engineering drawings, 
designs, and change documentation. The database managed by the system con
sists of both scanned documents and data files entered directly from Computer 
Aided Design (CAD) systems. The scanned document material was scanned 

Page 68 of 93



C
e

n
tr

a
l 
S

it
e

 

I 

18
M

M
a
ln
l
r
-

2
 

W
o

1t
c
o

ll
1

1
!0

M
 

Q
1

P
r1n

te
f' 

E
~
!
c
o

l 
C

A
D

 

J
u

k
e

b
o

• 
s
..

v
 ..
. 

J
u

k
e

b
o

x
 

R
e

m
o

te
 L

o
c

a
ti

o
n
 

tB
M

T
e

rm
m

.•
1

• 

C
P

q
>
O

n
o

r.
 S

N
A

 N
et

:w
o

'*
 

C
M

J>
O

'•
h

t 
E

lf
N

m
«

 lM
t:

w
o
'*

 

ll
ll
ll

ll
l 

.....
....

 
C

:-
tr

o
l 
~
 

~
 

!!!
!!!

!! 
L

oe
ot

1I
 

S
e

rv
w

r 

P
rt

n
te

u
 

Prl
nl
.
.
.
-
~
 

S
e
N

e
n

 

W
o

fl
lt

.U
on

• 

J
u
~
<l
>o
• 

M
o

ch
a

n
k

a
l 

C
4

0
 

F
ig

u
re

 7
.7

 
B

lo
ck

 d
ia

g
ra

m
 o

f 
th

e
 E

n
g

in
e

e
ri

n
g

 D
ra

w
in

g
 R

e
p

o
s
it
o

ry
 S

ys
te

m
, 

s
h

o
w

in
g

 i
n

te
g

ra
ti

o
n

 o
f 

sc
a
n
n
e
rs

, 
o

p
ti

c
a

l 
d

is
k 

s
to

ra
g

e
 d

e
vi

ce
. 

C
o

m
p

u
te

r 
A

id
e

d
 D

es
ig

n
 w

o
rk

s
ta

ti
o

n
s
. 

d
o

c
u

m
e

n
t 
w

o
rk

s
ta

ti
o
n
s,

 a
n

d
 c

e
n

tr
a

l 
m

a
in

fr
a

m
e

 u
se

d
 t

o
 s

u
p

p
o

rt
 o

v
e

r
a

ll 
d

o
c
u

m
e

n
t 
m

a
n

a
g

e
m

e
n

t 
a

n
d

 r
o

u
ti

n
g

 w
it

h
in

 t
h

e
 s

ys
te

m
. 
C

o
u
rt

e
sy

 o
f 

L
it

to
n

 I
n

te
g

ra
te

d
 A

u
to

m
a

ti
o

n
 D

iv
is

io
n

. 

~
 

~
 

0
 ~
 

to
 

C
i)

 

~
 

Il
l 

;:
, 

Page 69 of 93



i 
"' " ., 

W.B. Green Examples of Electronic Document Management Systems 141 

from engineering drawings on paper and on aperture cards. Scanning from paper 
required use of a large fonnat scanner designed to scan engineering size draw
ings. as shown in the figure. 

The central control of data flow within the system is performed by the main
frame computer. The mainframe computer also supports database management 
functions, including user query. Users query the mainframe computer to locate a 
desired drawing or engineering change notice. A function key control at the user 
workstation initiates display of the document on the workstation display. The 
majority of engineering drawings are too large to be viewed at full resolution on 
even a high resolution display. For that reason, pan and zoom functions are pro
vided to the users at the workstations. 

The following functions are perfonned by this system, supported by applica-
tions software: 

View and print documentation 

Archive and backup storage 

CAD conversion 

Full size drawing scanning 

Input from a scanning service bureau 

Control of pending changes to drawing 

Electronic mark-up of drawings and document 

Manufacturing planning 

Electronic distribution 

Engineering uucument preparation 

Control and release of design drawings 

The following objects are (or soon will be) managed by the system shown in 
Figure 7.7: 

• Requirements specifications 

• Product drawings 

Change markups 

CAD files and libraries 

Engineering analysis and support data 

Test specifications 

Simulation models 

• Technical publications 

Purchase specifications 
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142 W.B. Green 

This system is typical of an engineering drawing management application 
involving management of older drawings that reside on paper or aperture cards 
and newer drawings that have been produced by electronic CAD systems. 
Backfile capture is required to convert the older drawing database to digital 
image format. An interface with the newer CAD technology is required to sup
port current ongoing design and manufacturing activities. This system will also 
support workflow requirements within the organization for which the system 
was developed. 

Syncrude Canada Ltd., Computer-Aided Engineering and 
Design (CAED) System 
Syncrude Canada Ltd. is the world's largest producer of synthetic crude oil. The 
company operates near Fort McMurray, Alberta, mining the Athabasca Oil. 
Sands. This oil sand deposit contains an estimated 1.3 trillion barrels of bitumen. 
Syncrude mines the oil sand from an open pit. The company extracts bitumen, 
upgrades it to synthetic crude oil , and transfers lhe crude oil lo refineries by 
pipeline. More than 25 miles of conveyer belts are required to transport the sand 
from the pits lo lhc processing centers. This operation provides Canada with 11 
percent of its daily. crude oil requirements. 

Figu re 7 .8 shows an example of an engineering drawing, and Figure 7 .9 
shows the apenure card retrieval system in use at Syncrude prior to implementa
tion of an electronic document management system. The decision to move to an 
electronic document management system was based on a need to improve the 
productivity of engineering operations nt Syncrudc. A survey of over 300 engi
neers, design drafters, maintenance planners, and inspectors at Syncrude indi
cated lhat between 15 and 25 percent of lheir time was spent iden1ifying and 

Figure 7.8 Typical Syncrude engineering drawing. Courtesy of lntegraph Corporation. 
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Figure 7.9 Engineering drawing aperture card filing system in use at Syncrude prior 
to implementation of the CAED system. Courtesy of lntegraph Corporation. 

retrieving engineering drawings and aperture cards. This survey was a contribut
ing factor in making the decision to move to an electronic document manage
ment system. Intergraph Corporation was selected to i111plt:mt:nt the imaging and 
CAD portion of the CAED system for Syncrudc. 

The project has been implemented in two phases. The first phase involved 
delivery and operation of the scanning subsystem used to capture the existing 
backfile of aperture cards and engineering drawings. A customized user inter
face was developed to support the scanning functfon. A major requirement was 
development of software to utilize Syncrude's existing drawing numbering sys
tem database, and creation of a method to link images to database records. 
Production scanning (primarily of aperture cards) was initiated in October 1990, 
and as of May 1992, more than 225,000 drawings had been converted. After 
completion of backfile capture, approximately 450,000 engineering drawings 
will be converted to digital image fomiat. 

Figure 7. I 0 shows a block diagram of the CAED system. Figure 7 .11 shows 
one of the retrieval and display workstations within the system. In order to 
implement the total system, a significant amount of existing Syncrude equip
ment had to be integrated with the new electronic document management capa
bilities. The completed system incorporates over 250 personal computers, over 
50 Intergraph CAD workstations, and I l IBM RISC 6000 engineering worksta
tions that were in place prior to the transition to electronic document manage
ment technology. Intergraph added the scanning subsystem (aperture card and 
large format paper scanning), document storage capability. and customized data 
management systems, and user interface software. 
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figure 7.11 User query, retrieval, and display workstation within the CAED system. 
Courtesy of lntegraph Corporation. 

The system had to be designed to use Syncrude's existing engineering draw
ing numbering systems. It had to support functions such as markup, review, and 
approval of engineering documentation as well as user interface support at both 
new and existing workstations. An interface with engineering data created via 
CAD workstations was provided. This resulted in the ability to retrieve engi
neering information from a total database, which includes the scanned backfile 
material converted from paper or aperture card media and the more current CAD 
data produced on digital workstations. 

BANKING SYSTEMS 

The use of electronic document management technology is increasing as the 
technology evolves and individual institutions implement electronic systems in 
applications where the cost benefit or productivity improvement can be demon
strated in their operations. The volume of paper processed by banking institu
tions continues to increase significantly, and electronic document management 
technology has become a viable technology for improving productivity and 
reducing the costs associated with this processing. 
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146 W.8. Green 

There arc several banking applications in which e lectronic document iechnol
ogy is being applied. These include: 

Check Processing. Banking institutions have traditionally employed high 
speed equipment for sorting and processing large volumes of paper checks on a 
daily basis. These systems have included operator stations where check amounts 
arc encoded and oLher equipment involving high speed paper transport and 
interaction with operator functions. Electronic document management systems 
are now available that support several different functions associated with bank 
check processing that support processing of the paper sizes associated with this 
application. 

CrediJ Card Operations. Credir card operations can involve large volumes 
of remittance forms that must be processed on a daily basis. Although electronic 
point-of-sale data entry has been used to address some aspects of credit card 
activity, most banks must sti ll process paper documents on a daily basis. 

loa11 Applications. There are large volumes of paper documentation 
associated with Joan applications and loan processing. The documents involve 
both fixed fonnat forms and associated documenLaLion that may not be in a pre
determined formal. It is oflen possible to utilize more e lectronic document 
management systems in these applications that are not as highly specialized as 
systems developed to support check processing or credit card operations. 

Signature Verification. Systems are available that retrieve and display 
scanned signature cards as part of the process of operator verification of 
customer signatures. 

Gefleral correspo11derice and Customer Service Applications. For these 
applications, it is often cost effective to implement a general purpose document 
processing system that may be customized to the specific work flow within an 
individual institution. These systems are used to support electronic storage and 
display of general office correspondence and other document material. 

This section will describe check proce.c;sing applications in more detail and 
provide one example of an operational system that has improved productivity in 
one specific banking application. 

Check Processing 

For many years, banks have been using a variety of equipment in check process
ing that is not based on image processing technology. Recently, commercially 
available systems incorporating electronic document management technology 
have emerged that support specific functions involved in daily processing of 
checks. 

Conventional check processing involves several steps within a typical bank
ing operation. All checks received at a branch are encoded by the bank utilizing 
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Figure 7.12 Illustration of the addition of the check amount to the MICR strip during 
the encoding process. Top, check as written on pre-printed check form. Bottom, check 
after encoding process has added the amount to the MICR strip. Checks compliments 
of Unisys Corporation. 

equipment that allows an operator to read and key-enter the amount. The amount 
is then added to the Magnetic Ink Character Recognition (MICR) strip at Lhe 
bottom of the check. Deposit balancing and verification is also generally per
formed at this step. An example of the encoding process is shown in Figure 
7 .12. At the top of Figure 7 .12 is the check as written by the individual. The pre
printed checks used by consumers are provided with a MICR imprint that con
tains the bank routing number, the account number, and the check number (1551 

Figure 7.13 High speed check reader/sorter unit. Courtesy of Unisys Corporation. 
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in this example). The bouom of Figure 7 .12 shows the same check after the 
encoding process. The check amount ($1 25.00 in this example) has been added 
to the MICR strip through the encoding process. 

A high speed reader/sorter is generally utilized at this point in the processing. 
This device reads the MICR line that is imprinted on every check and sorts the 
check into one of several output pockets based on the sort criteria of ·the bank. 
Multiple sorts are often required to support different requirements. A final sort 
on the account number is used to sort cancelled checks for transfer back to the 
customer. A microlilming camera is generally an option on most reader/sorters, pro
viding the capability of filming checks during the sorting process for archival stor
age purposes. One example of a high speed reader/sorter is shown in Figure 7 .13. 

Several correction steps are required in conventional check processing sys
tems. Checks that exhibit problems reading the MICR line must be reentered. 
Balances must be reconciled, involving a process of isolating individual prob
lems (damaged checks, miscoded checks, checks stuck together. etc.). generally 
performed by hand. 

Image-based check processing systems support the mor~ labor intensive oper
ations in a typical check processing system. Account entry workstations are used 
to enter amounts from scanned, digitized imagery displayed on the workstation 
display. Images are typically scanned, compressed, and stored on magnetic disk, 
then retrieved for amount entry and MICR encoded after data entry and balanc
ing. Application software can be used for deposit reconciliation m the data entry 
point. Some commerc ially available systems now provide optical character 
recognition capability thal reads Lhe "courttsy amount' ' from handwrilten entries 
on the original checks. The legal amounl for which a check is drawn is based on 
the handwritten value entered on the check. The courtesy amount is the numeri
cal amount for which the check is drawn that is written on the "pay to the order 
of' line. Accuracy of these devices can be expected to increase in the future as 
check form designs improve and recognition technology improves. This feature 
is often referred to as Courtesy Amount Recognition (CAR). 

High speed reade r/sorter/endorsers are used to physically process and sort 
checks. Image workstations are used to retrieve digitized check images to 
resolve problems. Workstations incorporate image processing and manipulation 
functions, such as zoom. pan, rotation, and limited image enhancement to sup
port operator analysis of hard to read information from the original check. 
Works tations can also be used to fill in data missing or unreadable on the MICR 
line. Some systems produce an image check statement by performing a digital 
(rather than physical) sort and generating an image of all checks processed for a 
given account. 

One example of a currently operational check processing system is a system 
installed at Signet Bank of Virginia by Unisys Corporation. This system is being 
implemented in a phased manner, involving cost benefit analysis perfonned 
afler each phase of the implementation. The first phase involved evaluation of 
data entry performance of image systems. Signet operators were trained on 
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Figure 7.14 Digitized check image decompressed and displayed for amount entry by 
operator. Courtesy of Unisys Corporation. 

account entry workstations. as shown in Figure 7 .14. After ten six-hour sessions, 
six of Signet Bank's proof-of-deposit operators averaged 2,515 documents per 
hour with an average error rate of 1.15%. This compares with conventional 
check data entry systems where operators averaged 1,200 documents per hour 
with an average error rate of l %. 

The system also includes high speed reader/sorter units, and operator image 
processing workstations, as shown in Figure 7.15. When fuUy configured, the 
final system should be capable of processing approximately 700,000 checks daily. 

Figure 7.15 Image workstations used in the Signet Bank system. Courtesy of Unisys 
Corporation. 

Page 78 of 93



150 W.B. Green 

MEDICAL CLAIMS PROCESSING 

Medical claims processing operations often involve centralized sites that process 
thousands of incoming documents daily. The incoming documentation includes 
standardized forms, receipts, and associated documentation. The claims process
ing operation involves operator evaluation of Lhe claim, generation of correspon
dence lo the individual filing the claim, detennination of payment, generation of 
checks, and production of payment records and accounting information. 
Insurance companies generally use measurements of the time between receipt of 
a claim and delivery of payment to the customer as a basis for evaluating their 
performance and as a basis for comparison against competing insurance compa
nies. The need for rapid processing of large volumes of information, and the 
requirement for long term retention of records of the information processed, 
make medical claims processing a natural candidate for productivity improve
ment through the use of electronic image technology. 

One example of the use of electronic imaging to improve claims processing 
performance is the system installed al Empire Blue Cross and Blue Shield of 
New York by Sigma Imaging Systems Inc. Empire decided to implement imag
ing within their customer service and claims processing departments. As the 
nation's largest private not-for-profit insurer, the company receives 125,000 
paper claims each day across five sites in New York State. The use of imaging 
has dramatically reduced the palK:CSSing cycle Of the average claim. 

Figure 7 .16 High speed claims scanning operation at Empire Blue Cross and Blue 
Shield. Figure Courtesy of Sigma Imaging Systems, Inc. 
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Figure 7.17 View of one area of the claims processing system installed at Empire Blue 
cross and Blue Shield. Figure courtesy of Sigma Imaging Systems, Inc. 

OmniDesk software developed by Sigma Imaging Systems Inc. is used to 
control 26 high speed scanners to scan, automatically index, and route an aver
age of 2,000 images per hour from each scanner. Empire currently has over 
1,600 image-enabled workstations in operation processing over a quarter of a 
million imaged pages each day (each claim received can consist of more than 
one page of material). A portion of the high speed scanning operation is shown 
in Figure 7.16. 

Claims processing for one of Empire's operations consisted of fifteen sepa
rate worksteps. At each step, batches of paper were controlled, distributed, and 
then delivered to the next step in the flow. Information needed to be analyzed, 
coded, and at the final step, keyed into a mainframe-based claims processing 
system. When the electronic imaging system was installed, the number of work
steps was reduced to one, and claim suspension rates were cut by one-third. At 
one site, Empire eliminated 70 to 80 percent of the claims examiner workload by 
using Sigma software to reengineer and automate claims processing workflows. 
In a three year period, Empire installed over J ,600 image-enabled workstations 
to support this application. Figure 7 .17 shows one processing area at Empire. 

LARGE VOLUME STORAGE AND RETRIEVAL 
SYSTEM-THE AUTOMATED PATENT SYSTEM 

The Automated Patent System (APS) installed at the Patent and Trademark 
Office, United States Department of Commerce, is an extensive distributed sys
tem that includes image workstations, mainframe and personal computers, large 
image and text databases, text search, image storage and retrieval, file servers, 
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wide-area and local area networks, and network anti system management sub
systems. System design and development started wi1h the award or a del>ign. 
development, implementation and operations contract to PRC. Inc .. in 1984. 

At this writing, the system provides image storage and retrieval services for 
75 work-.tations and 300 text search tcnninals. In addition, 70 Macintosh com

puters and 150 PC's are connected to the system for holh text search and oft ice 
automation. The system supports high speed text search on all post· 197 1 U. S. 
patents. abstracts of Japanese and European patents issued after 1980. and patent 
related technical litera1ure. At this writing, users can retrieve images or more 
than 750.000 U. S. patents. When PRC completes lhc image load process, all 6 
million U. S. patents will be available for retrieval by lhe image workstations. 
Later, 9 million European and Japanese patents will also be available for recall 
in image fomi Al completion, Lhe APS will constitute tbe world's largest image 
database. 

A system diagram of tbe APS is shown in Pigure 7.18. The APS design is 
based on a distributed architecture with patent text, text search software, and 
image index files maintained on a large mainframe computer. Images and 
relaLed files arc stored on multiple, distributed optical and magnetic disk based 
file servers. These devices and associated text search and image workslattons arc 
interconnected using a local area network with gaLcways providing access to 
external networks. A three-level, hierarchical local area network ("PTOnct") is 
being implemented by PRC to provide expansion capability Lo support a total 
bandwidth of approximaLely l Gbil/sec. 

Current APS plans include the installation of approximately 2,000 image 
workstations and additional image file servers. PTOnet will ultimately support 
approximately 5,000 devices. 

Document images are stored on WORM media in CCl'IT Group-IV com
pressed lonn. requiring approxlmately 85 KBytes per image. When completed, 
the image database will hold approximately 200 million images. Image dala is 
stored ut two different resolutions, 150 dpi and 300 dpi. The 150 dpi image data
base is stored on rapid access devices (RAD's) thm incorporate four optical disk 
drives, providing rapid access to four disks per RAD. The 150 dpi image data is 
used for display al the high resolution image workstations that display the 
imagery at the 150 dpi resolution. The 300 dpi image database is stored on high 
density devices (HDD's) that consist of optical disk jukeboxes holding 50 
WORM disks each. The HDD's support printing requirements at 300 dpi resolu
tion, support 2: I image scaling al the image worksLalions, and serve as a backup 
to the 150 dpi database stored on RAD's. 

The system was designed to support three critical performance requirements: 
(i) search of the entire non-image (text) databuse in a maximum of 30 seconds. 
(ii) display or the first page of image data in a requested patent subclass in less 
than JO seconds, and (iii) display of subsequent pages al a rate of one page per 
second. 

Page 81 of 93



W.B. Green 

•rk and system management sub
rted with the award of a design, 
Jntract to PRC, Inc., in 1984. 
storage and retrieval services for 
. In addition, 70 Macintosh com
:m for both text search and office 
ext search on all post-1971 U. S. 
tents issued after 1980, and patent 
;ers can retrieve images of more 
etes the image load process, all 6 
ieval by the image workstations. 
:s will also be available for recall 
•nstitute the world's largest image 

Figure 7. I 8. The APS design is 
1t text, text search software, and 
1inframe computer. lmages and 
I optical and magnetic disk based 
;earch and image workstations are 
ith gateways providing access to 
local area network ("PTOnet") is 
sion capabi lity to support a total 

o of approximately 2,000 image 
;. PTOnet will ultimately support 

nedia in CCITT Group-lV com
ytes per image. When completed, 
00 million images. Image data is 
300 dpi. The I 50 dpi image data-

1 that incorporate four optical disk 
: RAD. The 150 dpi image data is 
~e workstations that display the 
1 image database is stored on high 
tical disk jukeboxes holding 50 
1g requirements at 300 dpi resolu
orkstations, and serve as a backup 

:ritical performance requirements: 
ase in a maximum of 30 seconds, 
1 requ~sted patent subclass in less 
nt pages at a rate of one page per 

Examples of Electronic Document Management Systems 

w 
(/) 

w m c( 
a:: CJ mw 
~ ~CJ(/) 

0 i( c( w (/) 0 Q :::E ::::! 
0 

>< 
I- - IL. 

t:= )(I-~ w 0 ~ffic z a:: 
CJ a. 1-!Z c( a. z -
:::E c( w 

~ 

a: ~§a:: w 
!; w ,_:'::::> 
a. ::c a: (II 0 
::E 0 I- IL. ::c 
0 a:: WOa:: 
0 c( O::ww w w (/) ~t(a. 
:::E 

~ ca:ffi c( 
a:: w ~:Z:>< 
IL. I- wOW z 00::0 
Ci c(~~ 
::E ~(/) 

~ (/) 
w 
Cl 

~w c( 
0>< a:..,. 
..JO 0 O> 
c(al I- (J) 

ow (/) ... 
~iii I=~ 

n. :::> 
0.., ID 

C'i 

z w 0 
Cl 

~~ c( a:..,. 
~g: ~z 

M (/) ... 
~~ ~iii oa: 

C'! I-
n. 
:::> 

wit (/) 
a: (/) 0 (/) 
w =>ow 
I- -'~...J z c( c( 
ir g~(/) n. 

-'! 

(/) 
z ::c 
0 0 (/) 

a:~ 
a: != :R c( z (J) w~ w :::> ... (/) (/) (/) 

:::> ~ 

~ 
g> 

a: ..,. m 
0 N 

~ 

...J 
(/) %~ z 
0 Ow 

~II) a:-
~Ii <a: - CJ) w fij z (J) c( .- :::> ... 
:i (/) (/) a: 
-~ ~w 

o> 
a: om 
0 ~~ 

,.... 

~ ~ 

153 

0 
er 
a.. -0 
>. 
"' QI 
t'. 
:J 
0 v 
~ 
:J 
OI 
u: 
<Ii 
v 

:f 
0 
~ 

"' E 
QI 

'O 

"' .... 
I-
'O 
c 

"' .... 
c 
QI .... 
"' a.. 
vi 
::i 
QI 

.s:::. .... .... ,,, 
E 
QI 
t: 
>. 
VI .... 
c 
QI .... 
"' a.. 

'O 
QI .... 
"' E 
0 .... 
:J 
<I: 

00 ..... 

" ~ 
::i 
C) 

ii: 

Page 82 of 93



154 W.B. Green 

The APS was one of the first maJOr electronic imaging procurements released 
by the Federal Government PRC has incorpor:ited emerging technology into the 
system as the industry has evolved. anti it has been supported by over 25 hard
ware vendors anti 17 sofl\lo are vendur!'i 1n building this system. 

References 
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Evalualion Staff, Optical Digital lnrage Storage System Project Report, 
199 1 (avai lab le from National Techn ica l Information Service, 
Springfield, VA). 
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12 

Bar Code Technology 

Bar code technology has become widely used in many applications as a method 
of entering a limited amount of alphanumeric data in a high reliable and error
free manner. Bar codes can be interpreted by hardware or software systems, and 
the information encoded using bar codes is almost guaranteed to be error free 
after hardware or software decoding of the bar code pattern. Bar codes are used 
widely in inventory control applications ranging from supermarkets to industrial 
warehouses. The most familiar use of bar code technology is in retail sales 
(including supermarkets) where bar code scanners utilized at the .point of sale 
correctly interpret the product or item being sold and provide a link to computer 
based data management systems which provide current item pricing and instan
tantous updating of inventory control files. 

This chapter describes the general methods used for encoding alphanumeric 
information using bar code technology, and it summarizes examples of the use 
of bar code technology in electronic document management systems. The 
description of basic bar code techniques illustrates the features of bar coding that 
lead to high reliability and almost zero error rate in interpreting bar coded data. 
The two basic types of bar coding, discrete and linear coding, are described. 

There are many standards for encoding alphanumeric infonnation using bar 
code technology. The most common method used in supermarkets is based on 
the Universal Product Code (UPC) standard developed in the 1970s. This code 
provides a method of encoding the specific manufacturer and product identifier 
for consumer products. This standard is not generally used in electronic docu
ment management systems. This chapter contains descriptions of the two most 
commonly utilized bar code standards in electronic document management sys-

233 
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terns, Code 39 and Code l 28. Readers seeking more detailed information 
regarding bar code systems, standards, and specialized hardware are referred to 
more complete references. 1 

BASIC BAR CODE CONCEPTS 

The basic concept of bar code information encoding is shown in Figure 12.1. 
Information is encoded using a series of parallel black bars and white spaces. 
The information content and logical structure of the information is contained in 
the width of the bars and spaces. Bar codes arc generally read in consumer 
applicataions using special scanners that incorporate lasers. The reflected light 
signal from the bar code pattern is interpreted and decoded within the scanner. 
One reason that this form of encoding is reliable is that the scan mechanism is 
not required to be perfect. The scan of a bar code can be performed at any angle, 
since the relative widths of the bars and spaces is preserved at any orientation 
relative to the scan direction. Additional encoding within a specific bar code 
standard provides parity checking, logical structuring within the encoded infor
mation to insure against misinterpretation, and other error elimination processes. 

There are two basic types of character encoding used in bar codes, discrete 
and continuous. Discrete character bar code symbology encodes each character 
separately, with separation gaps between each successive character. Continuous 
encoding does not involve gaps between characters. When characters are 
encoded using continuous coding, every character begins with a bar and e nds 
with a space. Figure 12.2 shows the difference between discrete and continuous 
coding. 

There are several basic definitions used in describing the variety of bar code 
encoding schemes currently in use. A bidirectional code is one that can be 
scanned either from left to right or from right to left without affecting the data 
that is decoded. The majori ty of bar codes used in electronic document imaging 

I I I I I I I I I I I I I I I I I 
Figure 12.1 Basic bar code technique. Each black or white bar in this example is from 
one to three units thick. The information content is encoded within the sequence of 
widths of the alternating black and white bars. 
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CHARACTER 1 

(a) 

..,.4-- CHARACTER 1 CHARACTER 2 ----11•~ 

(b) 

Figure 12.2 (a) Discrete coding, where spaces separate each encoded character (b) 
Continuous coding, each character begins with a bar and ends with a space. 

applications are variable length codes. This means that a string of characters of 
arbitrary length can be encoded, and embedded control characters are used as 
delimiters to indicate the end of a set of encoded characters. The opposite of a 
variable length encoding scheme is a fixed length encoding scheme, where the 
same number of characters is encoded for each bar code. A fixed length encod
ing scheme eliminates the need for delimiting characters, but it is less flexible in 
the amount of data that can be encoded within each bar code symbol. 

(n,k) Encoding Schemes 

A commonly used set of bar codes in electronic document management systems 
are (n,k) codes. In an (n,k) code, n indicates the number of spaces within each 
character that can be either black or white and k indicates the number of bars (or 
spaces) within each character. As an example, a few characters encoded with a 
(9,2) continuous coding scheme are shown in Figure 12.3. A short computation 
indicates that a (9,2) encoding scheme can encode 56 discrete characters, since 
that is the maximum number of possible patterns that can be achieved using the 
limitations of the (9,2) encoding scheme-a limit of nine spaces, and two black 
and two white bars within the nine spatial modules. 

In the general case, the total number of possible patterns in a particular (n,k) 
encoding scheme can be computed as: 

(n-1)! 

(2k-1)! (n-2k)! 
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9MODULES 

I I I I I I I I 

Figure 12.3 Examples of three different characters encoded using a (9,2) (n,k) encod
ing scheme. 

There are two codes commonly used in electronic document management 
systems, Code 39 and Code 128. They are described in the next two sections. 

Code 39 

Code 39 (sometimes called the "3 of 9" code) is a discrete variable length code 
that is widely used to encode alphanumeric data.2 Every character encoded using 
Code 39 contains five bars and four spaces (the "9" in Code 39). Of the nine ele
ments, three of the elements (bars or spaces) are wide (the "3" in Code 39) and 
the other six are narrow. The code definition provides for forty-four different 
alphanumeric characters. One of the forty-four characters (the asterisk) is 
reserved for use as a "start" and "stop" character, indicating the start and end of 
each encoded character string. The remaining forty-three characters consist of 
the 26 letters, 10 numerals, and the following symbols: - (period) (space) $ I + 
and %. Figure 12.4 shows the Character "A" encoded using Code 39. Figure 
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3 WIDE ELEMENTS 

Figure 12.4 The character •A• encoded using Code 39. 

237 

12.5 shows the full encoding pattern for Code 39. Figure 12.6 shows the charac
ter string "lA" encoded using Code 39; note the use of the * as a "start" and 
"stop" code in this string. Note also in Figure 12.6 the discrete nature of Code 
39, with a fixed spacing between each character. 

CHAii PAnlllH -· . ·-.. ·- . ·-I -- ••• . •• -·-I , ••••• "·- -·. .. ·---· ·-· ·- ·-. .. --. . -·· ·a • • • • • --... 
0 •• - ·
! -·- •• 
r • - - • 8 ... -~ -.. -. ·-· -· '··- -. < - ••• -·-·· -

..... 
' t'Q)• 

~ •oo• .. _ 
'O•O• 
' 0100 

; 1100 

00011 
1uo10 
.~•010 ..,, .,, 
'lQOI 

~ ·uo• ·-'))IOI 

·u•OO 
;1100 
JOO•• 
•oo•o 
')1010 

JO• •O 
•0001 
-)1001 

IHCll 

0100 
0)100 
0100 
0100 
0100 
O•OO 
~·oo 
0•00 
o•oo 
011)() 
oo·o 
')OIQ 

00•0 
lO•O 
oo•o 
00•0 
00 10 
CXl'O 
OO•o 
oo•o 
0001 
000• 

CHAii PATnJYI 

... --·· • .. . ·-· -0 -·-· • • ·--· • 0 ••• - -
~ -·. -. 
s ·-·- • '···- . " -. ··-.. -. ·
w - -· •• .. ·-. --·-·. . --·. . ··---··-· Sl'ACl • - a - a . ·--· •••••• •••••• ••••• .. ..... 

' Denotes the special starVslop code character 

........ ~ . 
"000 
\!0101 
•0100 
OllOO 

JIOtO 
001•0 
I OQl)I 

1J1Q01 
11000 
00101 
'01()() 

O••t>C'I 
100" 
•OO•O 
C,•010 
i:io• •o 
00000 -00000 
00000 

0001 I 
0001 
0001 
ooo• 
0001 
000• 
0001 
0001 
•000 
1000 
•COO 
•000 
1000 
•ooo 
•000 
•000 
•000 
•ooo 
"10 
•101 
1011 

011• 

Figure 12.5 The Code 39 character structure. Copyright O Automatic Identification 
Manufacturers, Inc. 1991. This table was reproduced with permission of AIM USA from 
Reference 2 , which is available in its entirety from AIM USA. 
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Figure 12.6 The character string 1A encoded using Code 39. Copyright<!:> Automatic 
Identification Manufacturers, Inc. 1991. This figure was reproduced with permission of 
AIM USA from Reference 2, which is available in its entirety from AIM USA. 

ASCII USS-39 ASCII USS-39 ASCII USS-39 ASCII USS·39 

NUL %U 
SOH SA 
STX SB 
ETX SC 
EQT $0 
ENO SE 
ACK SF 
BEL SG 
BS SH 
HT SI 
LF SJ 
VT SK 
FF SL 
CR SM 
SO SN 
SI SO 
OLE SP 
OC1 $0 
DC2 SA 
DC3 SS 
OC4 ST 
NAK SU 
SYN SV 
ETB $W 
CAN SX 
EM SY 
SUB SZ 
ESC OfoA 
FS O/oB 
GS O/oC 
AS %0 
US %E 

SP 

s 
o'O 

& 

< 

> 
I 

SPACE iJ 
IA A 

IB B 
IC C 
ID D 
IE E 
IF F 
IG G 
IH H 
ii I 
/J J 
IK K 
/L L 

M 
N 

10 0 
0 p 
1 a 
2 R 
3 s 
4 T 
5 u 
6 v 
7 w 
B X 
9 y 
IZ Z 
%F I 
%G I 
%H I 
O/ol /\ 
%J 

%V 
A 
B 
c 
0 
E 
F 
G 
H 
I 

J 
K 
L 
M 
N 
0 
p 

a 
A 
s 
T 
u 
v 
w 
x 
y 

2 
%K 
%L 
%M 
%N 
%0 

%W 
a +A 
b +B 
c +C 
d +O 
e +E 
I +F 
g +G 
h +H 

+I 
I +J 
k +K 
I +L 
m +M 
n +N 
o +O 
p +P 
q +O 
t +A 
s +S 
I +T 
u +U 
v +V 
w +W 
x +X 
y +Y 
l +Z 

%P 
%0 

: %A 
'"" O/oS 
DEL %T.%X.%Y.%2 

Figure 12.7 Use of Code 39 to represent the full ASCII character set. Copyright C 
Automatic Identification Manufacturers, Jnc. 1991. This table was reproduced with per
mission of AIM USA from Reference 2, which Is available in its entirety from AIM USA. 
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USS-39 ASCII U55·39 

O/oV %W 
A a +A 
B b +8 
c c +C 
0 d +0 
E e +E 
F f +F 
G 9 +G 
H h +H 
I +I 
J I +J 
K k +K 
l +L 
M m +M 
N n +N 
0 0 +O 
p p +P 
0 q +Q 
R I +A 
5 s +S 
T l +T 
u u +U 
v v +V 
w w +W 
x x +X 
y y +Y 
z +Z 
% K O/oP 
O/o l %0 
% M %A 
O/oN "" %5 
%0 DEL %T.%X %Y%Z 

full ASCII character set. Copyright @ 

1991. This table was reproduced with per-
s available in its entirety from AIM USA. 
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A binary representation of Code 39 characters can be achieved by encoding 
each narrow element (either a bar or a space) as a zero and each wide element as 
a one. The letter "A" encoded as shown in Figure 12.4 would have a binary rep
resentation of 100001001 (wide bar, narrow space, narrow bar, narrow space, 
narrow bar, wide space, narrow bar, narrow space, wide bar). The fact that each 
character in this discrete coding scheme starts with a black bar leads to an unam
biguous 9-bit digital representation of each character using this coding scheme. 

The formal definition of Code 39 is fairly restrictive, since it is limited to rep
resentation of only 43 characters. Code 39 can be used to represent the full 
ASCII character set by assigning more than one character in the Code 39 repre
sentation to correspond to a single ASCII character. Figure 12.7 shows how 
Code 39 is used to encode the full ASCII character set. 
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Figure 12.8 Code 128 symbology. Copyright 0 Automatic Identification Manufacturers, 
Inc. 1991. This table was reproduced with permission of AIM USA from Reference 3, 
which is available in its entirety from AIM USA. 
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Code 128 

Code 128 is a variable length, continuous code that is an (11,3) (n,k) code.3 The 
character structure is shown in Figure 12.8. There are three different character 
sets encoded using the Code 128 symbology. Encoded character strings are pre
ceded by a "start" character that indicates which of the three character sets is 
used for the subsequent characters. The three character sets are referred to as 
"Code A", "Code B", and "Code C." Stan characters can be inserted into a vari
able length character string at any point, so that shifts between the three charac
ter sets can be implemented within a single character string. 

A SHIFT character is also available. Use of the shift character changes the 
code representation from A to B or from B to A for the next individual character 
following the SHIFT character. 

Check characters are used to insure correct interpretation of scanned bar code 
information in Code 128. The check character is inserted prior to the STOP 
character in an encoded character string. The check character has a numerical 
value determined by the element pauem in the encoded string preceding the 
check character. If the value of the check character differs from a numerical cal
culation based on the interpreted character string, the scan is not valid. 

Character 1 (one) 
Module II 1 2 3 4 5 c 7 8 9 10 11 

I I I I I I I I I I I I 

I I 
Sar Width 3 2 a6 {even) 
Space Width 2 

~x~ 
2 =5 (Odd) 

STOP Character 
Module# I 2 3 4 5 6 7 8 9 10 11 12 13 

I I I I I I I I I I I I I I 

I 
Bar Width 2 3 2 =8 (even) 
Space Width 3 -s (odd) 

Figure 12.9 Basic character structure for Code 128. (Top) representation of the 
character 1, (Bottom) the STOP character. Copyright C Automatic Identification 
Manufacturers, Inc. 1991. This figure was reproduced with permission of AIM USA 
from Reference 3, which is available in its entirety from AIM USA. 
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1111111111111 
Figure 12.10 Encoded character string for the number 25 using Code 128. The START 
Character indicates that the Code C subset applies. Note presence of check character 
before the STOP character. This figure was reproduced with permission of AIM USA 
from Reference 3, which is available in its entirety from AIM USA. 

Figure 12.9 shows the basic structure of encoded characters using Code 128. 
There are eleven modules, and each character is comprised of three bars and 
three spaces. The STOP character is also shown in Figure 12.9. 

Figure 12.10 shows the full Code 128 encoding of the number 25. The start 
character denotes that the Code C is being used for the next character string. The 
bar code representation of the numerical value 25 is next, followed by a check 
character and the STOP character. 

USE OF BAR CODE TECHNOLOGY IN ELECTRONIC 
DOCUMENT MANAGEMENT SYSTEMS 

The use of bar code technology is becomfog more common in electronic docu
ment management systems. Electronic document management systems may read 
bar code information in several different ways. One common method involves 
incorporation of bar code scanners as peripheral units on paper scanner units. 
The bar code device scans the paper as it is fed through the scanner, and the 
scanner server receives both the scanned document image and a data record con
taining the alphanumeric information read by the bar code scanner. Another 
method involves use of computer software on the scanner server for bar code 
interpretation, operating from the scanned document page image after scanning 
has occurred. Examples of the use of this technology in document processing 
applications include the following: 

Unique Identifier for Indexing. In one common application, preprinted bar 
code labels are attached to pages prior to scanning. The bar code labels can 
establish unique index identifiers for individual pages, or can be used to 
uniquely index a series or batch of pages at a higher level-for example, bar 
code identifiers can be used to denote the first page of a new document. 
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Form Type. Imprinted bar codes can be used lo uniquely identify a particular 
type of form in electronic document management systems. Applications software 
can be used to search for bar code signatures at specific locations on scanned page 
images. The decoded bar code infom1ation can then be used by applications 
software for higher level processing. For example, some applications may 
involve scanning many thousands of fonns, where the number of form types 
may be a relatively small fixed number (there may only be a few types of forms 
involved in a specific application). If that is the case, the pre-printed infonnation 
on the fonn itself will be redundant after scanning-all scanned form images 
will contain the same information which has been preprinted on the form. The 
actual information content may involve only a small percentage of the scanned 
material, corresponding to the information that has been entered on the form by 
an individual. If the form type can be identified automatically, it is possible to 
extract the segments of the image containing the information content and to 
discard the remainder of the scanned image. This automated forms identification 
process can result in a significant reduction in data volume within an electronic 
document management system since only the small image segments containing 
information are retained for further use. 

BaJch ldentifu:ation. In some applications, document material may be 
divided up into batches for scanning. Each batch may contain document material 
that forms a logical unit within the application, or a batch might simply denote 
the date, time and operator involved in scanning the material. In either case, use 
of a bar code label on the first scanned page, or use of bar code on a separate 
control page that is scanned prior to the first document page, can be used to 
provide a unique index for the batch of material. Control pages may be inserted 
periodically into batches of scanned material for a variety of reasons in some 
applications. The applications software identifies the unique bar code, and 
structures the scanned data logically. 
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