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PREFACE

To understand what we know
and be aware of what is to be known
has become the central focus
in the treatment of engineering data handling issues.

It has been some time since we began treating issues arriving from engineering data handling in a
low key fashion because of its housekeeping chores and data maintenance aspects representing
nonglamorous issues related to automation. Since the advent of CAD/CAM, large numbers of
data bases have been generated through stand alone CAD systems and the rate of this automated
means of generating data is rapidly increasing. This possibly is the key factor in changing our way
of looking at engineering data related problems.

This volume contains some of the papers, including revisions, which were presented at the fourth
Automation Technology conference held in Monterey, California. This volume represents ATI’s
efforts to bring forth some of the important case studies related to engineering data handling
from the user’s point of view. Because of its potential enormous impact on management and
productivity advancement, careful documentation and coordination for outstanding contributions
to this area are of utmost importance.

This volume may serve as a precursor to additional volumes in the area of engineering data
! y P . . gineering
handling and CAD/CAM related user studies. Anyone with comments or suggestions, as well as

potential contributors, to this series, is encouraged to contact the editorial board of ATI.

Peter Cheng-Chao Wang, Ph.D
Editor

President and Executive Director
Automation Technology Institute
P.O. Box 242

Pebble Beach, CA 93953
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DIGITAL DOCUMENT MANAGEMENT SYSTEM
USING OPTICAL DISK MASS STORAGE

M.]J. McGovern and J.S. Burr
ALPHAREL, Inc.
Westlake Village, CA

R. Williams, J. Ryland and T. Hurt
Storage Technology Corp. (STC)
Louisville, CO

Abstract

Three technological breakthroughs make the concept of an all digital document management system -
realizable. They are the optical disk mass storage, etror-free digital transmission and revisory*
capability with respect to scanned documents. Optical storage and error-free transmission makes the
system technically feasible. Revisory makes the whole notion of the all-electronic system viable in
tﬁat it allows, for the first time, existing documents to be modified electronically resulting in huge

cost savings to industry and government.
1. INTRODUCTION

A major problem confronts industry and
government which substantially interferes
with their productivity. It is the inefficient
and costly manner in which large volumes of
existing drawings are managed and handled
in support of the critical processes of design,
manufacture, storage, and maintenance.
Although computer technolo is being
effectively applied to improve design and, to
an increasing extent, manufacturing processes,
it has not been applied to the problem of
storing, retrieving, revising, and printing exist-
ing hard-copy (vellum, paper or film) draw-
ings which accumulated before the advent of
CAD/CAM.**

Hundreds of millions of these pieces of art-
work have been accumulated as hard copy
which must be physically stored and actively
used, despite the trends to use new computer-
aided design techniques. This hard copy art-
work constitutes a heavy burden to designers
and draftsmen who must modify drawings,
to technical manual producers who must re-
vise drawings frequently for maintenance pur-
poses, and to management personnel who
must maintain drawing libraries, preserve
drawings, and distribute drawings.

STC and ALPHAREL extensively studied the
document management roblem and have
conceived of unique higll?l technologies for
serving the needs of industry and government

*Having the “Power” to Revise; Websters Dictionary
**Computer Aided Design/Computer Aided Manufacturing



agencies. Computer, optical and communica-
tions technologies are integrated in a way as
to greatly red%llce workloads and costs and
Ereatly simplify and facilitate the handling of

ard copy artwork (and accompanying text).

The techniques enable industry and govern-
ment agencies to capture hard copy artwork
automatically and rapidly, store them in an
electronic form, revise or edit them elec-
tronically on a TV-like screen, print them out
very rapidly as hard cop S)aper, film or
microfilm) and automatically distribute them
locally or remotely.

This paper describes the innovative tech-
nologicalp breakthroughs - optical disk mass
storage, error-free digital transmission and re-
visory capability and how they are integrated
into an eféfective electronic Digital Document
Management System.

2. REQUIREMENTS OF A DIGITAL
DOCUMENT MANAGEMENT SYSTEM
(DDMS)

The DDMS must have the capability to re-
solve the major problem confronting industry
and government - the effective management
of very large numbers of manually created
documents. The DDMS must be capable of
automatically, rapidly and in a virtually error-
free way transfer documents from vellum or
film into compressed digitized mass storage
thereby enabling retrieval, display, distribu-
tion and revisions to be accomplished elec-
tronically at a small fraction of the manual
cost. The DDMS must be modularly expand-
able hardware and software wise to guarantee
its utility over extended periods as user re-
quirements evolve; i.e. the system should not
have built in obsolesence. The DDMS must
provide for efficient and effective manage-
ment and control of the stored documents.

Specifically, the DDMS must be capable of
meeting the following requirements:

2.1 AUTOMATIC SCANNING

Drawings on paper, vellum or film must be
scanned automatically and the output into a
digital form as required to be accessible by a
computer. Resolution should be user select-
able (See Tables 1 and 2 in Appendix A) and
scan times consistent with document format,
resolution and compression  algorithm.
Typically, the scan time for an “A” size docu-
ment at a resolution of 200 lines per inch (Ipi)
should be approximately three seconds.

Intermediate resolution (300 to 400 Ipi) doc-
uments should be captured in 20 to 30 sec-
onds and high resolution (1000 Ipi) art-
work should be captured in approximately
one minute.

2.2 DIGITAL DATA COMPRESSION

The digital representation of drawings must
be reduced (compressed) to minimize the size
of storage and cost of communications. The
compression algorithm should be adaptive to
operate consistently within document scan
times. Compression should be at least 10:1
for fast scan, “A” size drawings at 200 lpi, 15
to 20:1 for intermediate resolution (300 to
400 lpi) and 30 to 40:1 for high resolution
(1000 lpi) documents.

2.3 MASS STORAGE OF DOCUMENTS

The DDMS must provide for low cost optical
mass storage which can be modularly ex-
panded up to at least 2000 gigabytes to
accommodate users’ evolving drawing count
and in accordance with the selected resolu-
tion (See Tables 1 and 2 in Appendix A).
Most important the optical disk mass storage
must operate under an existing operating
system. It should not be required to develop
new system software to accommodate the
optical disk.

2.4 TEMPORARY MAGNETIC STORAGE

The DDMS should provide magnetic disk
and tape drives for temporary storage and for
loading operating system software and user
application software.

2.5 MAINFRAME COMPUTER

System processing should be capable of
handling present needs - storage, retrieval, dis-
lay, revision and printout and provide for
uture electronic distribution of gocuments.
Host computer and communication peripheral
software should be available to accommodate
these requirements. It is also highly desirable
for the system mainframe computer to be
capable of operating with the vast store of ex-
isting software packages such as CADAM. This
feature would increase the utility and life cycle
of the DDMS.

2.6 DISPLAY AND PRINT OUT OF
DOCUMENTS

In response to a display request for a docu -
ment the DDMS must %e capable of rapidly



retrieving, expanding and displaying a sam-
pled version of the document on a graf)hics
monitor. The system must be capable of
blowing up the picture depicting more and
more of the actual pixels so an operator can
see a section of the document at the scanned
resolution.

Similarly, in response to a copy request the
DDMS must retrieve, expand and print out
hard copy at originally scanned resolution or
at the resolution designated by the operator.
High resolutions (1000 lpi) print time for a
“C” size drawing should not exceed one min-
ute. Print out time for an A size document at
200 Ipi should not exceed eight seconds.

The system should be capable of driving
optional high resolution output modules,
computer output microfilm (COM) - both the
Cathode Ray Tube (CRT) and Electron Beam
Recorder (EBR) versions and the phototype-
setters. These options should include the
capability for outputting scanned art and
text.

2.7 DOCUMENT REVISION

When revisions or updates of a document are
required the system must automatically re-
trieve and present the stored document on the
CRT display and allow the operator to inter-
act with that display and insert changes de-
sired. Revisions may consist of text line art
or both.

2.8 DOCUMENT DISTRIBUTION

The system must provide electronic distribu-
tion and enable electronically stored drawings
to be revised from a remote work station
interactive terminal.

2.9 MANAGEMENT AND CONTROL

The DDMS system must provide an efficient,
secure virtually error-free system for the
management and control of the library of
documents. The system should be flexible to
accommodate a users standard for assignment
of documents and revisions, maintenance of
distribution lists, maintenance of master ver-
sion for security purposes and restriction of
access to documents.

3. DESCRIPTION OF DIGITAL DOCU-
MENT MANAGEMENT SYSTEM (DDMS)

The DDMS will automate the electronic cap-
ture of manually created documents, engi-

neering drawings or technical manuals and
store the data in compressed electronic for-
mat in a central data base. As needed docu-
ments can be retrieved, displayed, revised
electronically and printed out if required
either locally or at a remote site. DDMS is a
significant technological breakthrough - using
optical disk mass storage, high resolution
scanning and compression, error-free digital
transmission and electronic revision - for it
brings to manually created documents bene-
fits previously available only with those ori-
inated in electronic format. The modular-
ity of DDMS and its compatibility with the
huge store of existing IBM software guaran-
tees the system against obsolesence. The
powerful capabilities of DDMS will have a
profound impact on productivity of the entire
document management process.

The DDMS is highly modular and may be
minimally configured to meet present needs
and be modularly reconfigured to meet ex-
panding requirements at a later date. The
“basic’” DDMS components are depicted in
Figure 1 and are described in Part A below.
Part B describes the optional equipments
which may be added as requirements evolve.

A. BASIC DDMS COMPONENTS
1. Optical Disk Mass Storage

The optical disk mass storage system is de-
signed to modularly accommodate digitized
drawings (or documents) in accordance with
volume, format and resolution. Actual stor-
age required is a function of these parameters
and can be quantified in terms of specific
customer needs by referring to Appendix A.

A customer can start out with a basic system
containing 4 giﬁabytes optical platters each.
The scanning and digitization processing begin
by storing the recorded platters offline.
Later on, when the need arises, these same
digitized platters can be integrated into the
Automatic Archive Unit (See B1 below). A
crucial feature of the optical disk drive and
control unit is that it operates under IBM
Operating Software with only minor changes
required of the host software. This meets
important immediate requirements of the
DDMS and will contribute significantly to its
life cyle.

2. Magnetic Disk Temporary Storage

The STC 8000 provides temporary magnetic
disk storage. The subsystem consists of the
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STC 8000-5 Controller and STC 8650 High
Density Disk Drive.

a. STC 8000-5 Disk Controller - The STC
8000-5 connects directly to the com-
puter via the standard’ IBM channel
controller and controls up to four STC-
8650 disk drives.

b. STC 8650 Disk Drive - The 8650 is dual
density disk providing 635 megabytes
of data per spindle or a total of 1.27
gigabytes per unit. A typical configura-
tion woulg consist of the 8000-5 con-
troller, a two-spindle A2 unit drive and
up to three B2, two-spindle devices.

The Magnetic Disk System is compatible with
IBM Operating System Software.

3. Magnetic Tape Storage

The STC 4550 Tape Subsystem consists of an
“A” Unit which includes a single tape drive
and the formatter for dual density operation -
1600 or 6250 bits per inch. The STC 4550
interfaces directly to the computer via the
standard IBM Block Multiplexer Channel.
Additional STC 4554 Tape Drives may be
added up to a total of eight.

The Magnetic Tape Storage System is com-
patible with IBM Operating System Software.

4. Computer

The Magnuson 8030 mainframe computer is
compa:iirlle with IBM Operationg System
Software and provides significant capability
for expansion and use of existing software.
The device is plug-for-plug compatible with
devices manufactured by a multitude of ven-
dors including IBM, IPL, and Amdahl. (STC
also has a compatible system under develop-
ment and scheduled for delivery in the third
quarter of 1983). Continued mainframe sup-
port - hardware and system software is
assured by this compatibility.

5. Alphanumeric Terminal

The Alphanumeric Terminal consists of the
following:

a. IBM 3274 Control Unit - Can control
up to 32 display stations and printers
for standard channel attachment to the
computer.

b. IBM 3278 Display Station - Table top

display displays 960 to 3564 characters
per screen depending on the model.

These units operate under IBM System soft-
ware.

6. Graphics Monitor/Print Out

Many options are available for use in conjunc-
tion with ALPHAREL’S COMPANDOR. A
basic graphics monitoring capability consists
of a version of Genisco G-1000 Terminal con-
figured with 512K bytes of expansion
memory and the hard copy interface for the
Tektronix 4631. This capability provides a
1K X 1K display with scrolling of £‘awings at
the sample rates depicted in Fi§ure 2. Output
print is [imited to the format of the Tektronix
4631.

7. Plotter

The basic system 200 lines per inch output
capability is provided by the Versatec Electro-
static Plotter 8222A (22” width) or 8242A
(42” width). Higher resolution options are
described below under B5.

8. A Size/Aperture Card Scanner

A basic DDMS should be equipped with either
an A size 200 lines per inch document scanner
or an Aperture Card Scanner.

a. Terminal Data Corporation (TDC)
Docuscan Scanner - The TDC Docuscan
Scanner provides for scanning A size
drawings at 200 lines per inch in one-
half second. Slower speeds can be uti-
lized to enable high data compression.

b. ALPHAREL AR-CCD Aperture Card
Scanner - The ALPHAREL AR-CCD
Aperture Scanner provides optional
resolution selections as shown in Ap-
pendix A and provides up to 350 lines

er inch on an “E” size drawing re-
uced 30 times. Scan times for the
scanner are approximately 10 seconds
for an E size drawing at 200 lines per
inch. Scan times are correspondingly
less for smaller drawings.

9. Data Compression/Decompression

ALPHAREL’s COMPANDOR AR32SP, Mod-
ules B and C are special purpose processors
designed to optimize the real time compand-
ing (compression/expansion) operation to
keep storage and transmission costs minimal.



FIGURE 2

MONITOR DISPLAY

MONITOR REFRESH BUFFER
=2Kx2K

<& 2K '

<t 1K
DISPLAY

! T //////
K DISPLAY
_l_ AR%
2K
PAN AREA
)
REQUIRED
DRAWING SAMPLE RATE
SIZE INCHES #PIXELS @200 LPI OF ORIGINAL*
A 812 X 11 1700 X 2200 100%
B 11 X17 2200 X 3400 66 % (2 of 3)
c 17X 22 3400 X 4400 50% (1 of 2)
D 22 X 34 4400 X 6800 33% (1 of 3)
E 34X 44 6800 X 8800 25% (1 of 4)

*IN VERTICAL AND HORIZONTAL DIRECTIONS



The COMPANDOR is a %roprietary design of
ALPHAREL which also has the unique capa-
bility of being modularly expanded to provide
communications (See Option B4 below) and
to allow revision of scanned documents (See
Option B3 below).

10. Software

a. Operating System - IBM’s Disk opera-
tional System/Virtual Store (DOS/VS)
has been selected over Virtual Machine
(VM) as the optimum choice for the
DDMS application. DOS/VS has all
the resources required and are fully
su Forted and they’re well tested and
sufficient for this application. An
attractive feature in a DOS/VS environ-
ment is that which allows all available
resources to be measured through hard-
ware and software monitoring devices.
This is not easy to do in other operat-
ing systems. DOS/VS also requires
much less RAM and disk space, tewer
processor cycles, less IBM maintenance
and is less difficult to install than VM.

b. Application Software Package - Six
modules provide the basic functional
capability to scan, digitize, store, re-
trieve, display, distribute and print out
drawings. The modules are: Task
Manager, Director Control, Scanner,
Input, Display and Printer Output and
Communications. Other modules in-
cluding drawing revision may be added
as required.

B. OPTIONAL DDMS COMPONENTS

The DDMS can be oPtionally configured in
accordance with evolving requirements; capa-
bilities need to be implemented only when
needed. The major optional components are
depicted in Figures 3 through 7 and are des-
cribed below.

1. Automatic Archive Optical Disk Unit

The Automatic Archive Optical Disk Mass
Storage System developed by STC can accom-
modate up to 4 optical disk drives and can
contain 256 optical disk platters for a total
storage of 1024 Gigabytes. A complementary
storage module can ze attached to accom-
modate up to 2 additional drives and 256
platters making the total capacity for both
{no:liuées 2054 Gigabytes if all 512 platters are
oaded.

The STC optical disk platters are nominal in

cost $150 each) and it would be practical to
load extra storage for future increases in
drawing storage or for increases in resolu-
tions that might be required for special pro-
grams. If the higher resolutions described in
the appendix are selected there is more than
adequate storage available in the archive sys-
tem.

The DDMS has the capability to direct the
Archive Optical Disk System to write the
drawing as it is scanned, simultaneously on
two different optical disk platters providing a
complete second drawing file for backup.

2. Document Scanner (Large Format)

a. ALPHAREL Laser Scanner - The
ALPHAREL AR 1000S Laser Scanner
can be selected to scan drawings up to
“C” size in less than one minute at a
resolution of up to 1000 lines per inch.
Larger formatted and roll size grawings
required photographic reduction to C
size format. Resolution for the re-
duced drawings would be lower by the

reduction ratio.

The laser scanner looks like a magnetic
tape to the mainframe computer and is
compatible with IBM software.

b. APHAREL Camera Subsystem, AR-36

1) Log-E-Tronics Copy Camera, Num-
ber 2424-LB - The Log-E Tronics
Camera photographicaﬁy reduces
drawings or drawing sections having
larger than “C” size formats prior
to the scanning and digitization
process by the laser.

2) Log-E-Tronics Film Processor,
Number RAP-24 - The RAP-24 is
a versatile, fast, automatic proces-
sor for handling variable materials -
laser dot generated images, dark
room and daylight contact mate-
rials, and RC paper.

3. Interactive Graphic Revision Terminal

ALPHAREL’s innovative COMPANDOR,
REVISORY, Module (D) provides a unique
capability to interactively revise scanned
drawings without the need to re-draw or re-
scan them. This feature will contribute sig-
nificantly to savings or cost avoidance efforts
by improving productivity by as much as 20:1
the management of drawings inside the elec-
tronic data base over those manually managed.
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