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epite the proliferation of computers,

networks and CAD, manudly distrib-

uted, produced, and revised engineering
drawings till dominate much of the de-
sgn/information used today. Capturing, managing,
reproducing, and distributing documentation isa
necessity for most organizations including manu-
fecturers, utilities, and AEC firms.

This paper will introduce an incrementa approach
and an overview of the technologies reated to
bringing paper assetsinto CAD, EDM (Engineer-
ing Drawing Management) and PDM (Product
Data Management) environments. Thesetools are
essential for companies to remain competitive, im-
prove product quality, and meet quaity (1SO),
regulatory (OSHA) and company rightsizing re-
quirements.

Plan Globally, Invest Incremen-
tally

Before deployment of any document automation
tools, look at the broader business issues related
to the life cycle of paper drawings. Sdect the
mogt critica and timely issues and implement the
appropriate technology. Plan for agradua imple-
mentation of the bigger issues of document man-
agement and workflow systems.

Measurable issues with which to sart the imple-
mentation are an eectronic ECO cycle, paper into
CAD integration, and vaulting or digita repro-
graphics solutions. This dlows for amore critica
evauation of an enterprise EDM/PDM while ena-
bling the initial paper converson process. Users
have more time to mode workflows, design

ECO/ECN processes, define security and in-
ter/intranet strategies, and determine other control
issues best handled by EDM/PDM.

With long implementation cycles for an enterprise-
wide EDM/PDM system, payback and user ac-
ceptance can drag and gal throughout theinitid
gages of afull-scade implementation. Integrating
manual paper-based archives as afirst step can
help to successfully launch such asystem. Anin-
cremental approach that starts with paper-enabling
can produce a more immediate payback and faster
end user buy-in.

A paper-enabled approach incorporates e ements
of EDM/PDM before deploying a full-blown sys-
tem. This step-by-step process dlowsinitia pay-
back benefits while addressing the larger aspects
of integrating multitudes of paper desgnsinto CAD
and positioning the company for an dectronic dis-
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tribution environment.

Drawing vaue increases dong with your existing
CAD drafting systems by implementing a hybrid or
raster CAD system. This dlows scanned archives
to be manipulated within the same tool set used for
newer design work. The emergence of cost-
effective, expandable, and rdiable scanning hard-
ware and services makes this ajudtifiable possibil-
ity.

The Costs of Paper

Manua methods for handling, storing and main-
taining paper drawings are cumbersome, time-
consuming, and codtly. The following are some of
the most obvious problems with maintaining paper
archives

Paper drawings are susceptible to aging and
damage over time.

Paper is not geometric or accurate in nature.
Manual-based revisions are costly, particu-
larly drawings requiring frequent updates.
Paper is slow to distribute.

Paper driven design environments require
more costly change order cycles and more
time to prototype.

Many transactions between subcontract or
supplier companies are inefficiently con-
ducted with paper.

Electronic searching is more efficient.

Paper is restricted in format, while electronic
documents can contain hyperlinks, audio,
and video.

Paper is static. It can be out of date even
before it is distributed because of lengthy
release cycles.

Facilities costs for paper archives can be
substantial.

5 to 7 percent of technical assets are lost or
misfiled.

The Transition

The process by which paper drawings are con
verted into an eectronic environment can be a-
complished severd different ways:

Manual Redraw. Manud redraw means exactly
that - just place your drawings on the desk by your
CAD system and redraw them from scratch. A
complete redraw of the origind drawing is, and will
aways be, time extensive, but the most accurate
method of conversion.

Digitizing. Digitizer tablets are acommon CAD
peripheral. Place your drawing on the tablet and
recregte the drawing using basic CAD drafting
commands and techniques.

Service Bureau. Outsourcing to Service Bureaus
isacommon method for handling smdl jobs, pilot
projects, or quick turnarounds. Y ou save on re-
sources and have little to no capitd outlay for
equipment, but may incur security issues.

Scanning. Scanning archives into compressed
ragter format alows them to be enabled for faster
revisons ether in your CAD system or with non-
CAD ragter/hybrid solutions. This process can be
painless and cost-effective. Once the drawings
have been scanned, their subsequent value in-
creases as dectronic archive opportunities now
exig aswdl as the benefits of revising the drawing
with your CAD system.

Your Investment

Moving forward with the technology presented in
this paper requires an investment in equipment, re-
sources, and software. These investments include:

$10,000-15,000 for a large format scanner.

$295 - $595 for viewing software.

$1,000 to $3,000 for raster or hybrid editing
software

$2,000 - $6,000 for raster to vector conver-

sion software

$1,000 to $100,000 for mass storage sub-

systems
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$295 - $3,000 for EDM software per seat
Consulting and integration services

Paper Enabling

The paper enabling process hasto start with a
scan. From here, al the benefits of an eectronic
environment can begin. These include eectronic
archiving, viewing and document management,
easy revisons, and better payback from your
CAD sygem. The following identifies some of the
available choices after scanning.

Digital Reprographics. Many organizationsini-
tidly look a implementing adigitd print-room. This
approach sets achievable short-term goas to im-
prove the productivity of the print room and the
methodology of making print requedts. It dso ne-
cesstates the implementation of adigitd archive
and the basic search, view and print functions of an
EDM system.

Paper-Enabling PDM. Companieswith
more progressive implementation strategies
may have aready indaled aPDM system to
help manage their existing 3-D modding CAD /
CAE environment. Most PDM systems can be
expanded by adding ragter-literate viewers and
hybrid raster editing syssems. Thisalows pa-
per archives to be managed by the same sys-
tem that manages the complex CAD models.

Paper-Enabling Revisons & ECO'’s.

The need to modifying older legecy archivesis
often akey driver for evauaing scanning dter-
natives. Some of the different approaches
available today using scanned engineering ar-
chives are raster drafting, raster to vector con-
version, and hybrid editing.

Raster Drafting. Rader editing or drafting isthe
smplest, most productive, and lowest cost method
to modify scanned paper drawings. Raster drafting
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works best when simple updates are required in
non-dimensioned or andysis oriented drawings.

More advanced systems are capable of saecting
and manipulating raster “entities’ just like vector
CAD entities. You can even accurately “raster
g’ to raster intersections making the editing
process even easier. Some specidized features that
are avallable are digtortion correction, auto des-
kew and ragter layering.

Raster to Vector Conversion (R2V). Drawings
with the highest degree of corporate value are
those used within andys's and modeling systems.
These need to be in afully vectorized format to d-
low for 3-D design, cdculations, and planning pur-
pOses.

Most usersfirst looking into scanning technology
will want to bring paper drawingsinto their vector
CAD environment. However, their expectations
for automated conversion are difficult to meet and
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can g4l implementation.

Converson software will not produce an unat-
tended 100% conversion. Itisbest used asa
component of the conversion process rather than a
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tota solution. Thisiswhere the hybrid method

needs to be understood.

The Hybrid Approach. The most
promising revison method for scanned
drawingsis Hybrid. A hybrid approachis
when both raster and CAD (vector) are
maintained for adrawing. Changes can be
meade within either environment (hybrid
editing). Information can be exchanged
back and forth between the two distinctive
formats thus offering the most efficient
manner for modifying the old within the
added value of CAD.

Deteriorated drawings can be scanned,
cleaned up, and stored in raster. Modifi-
cations can be made to the drawing in
raster, or areas of the drawing can be
converted into CAD vectors, if it becomes
necessary. This combination of raster and
vector can aso be plotted and stored.

Working in a hybrid environment alows
immediate use of the scanned drawings.
Decisons to modify, plot, or vectorize can
be made as needed. Investing time and
money to convert existing drawings can be
doneon a“jug intime’ and just what is
needed basis.
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when selecting a scanning solution. Conversion to full vector CAD format is
the most sensitive to awell-scanned image and higher resolutions may be
required for certain applications.

Raster File Types

Scanners produce compressed raster files that are color, greyscale, or mono-
chromeinnature. Filetypes can be split into two broad types; compressed
and uncompressed. The most common format found in companiesis black
and white monochrome images stored in the TIFF or CALS Group 4 com-
pression format.

Compression Methods

Data compression techniques have emerged in the market to allow raster
based drawings to be stored in less storage space than a3D CAD file. Two-
dimensional compression can reduce an 8 MB uncompressed raster fileto
approximately 100K B without any loss of information. The most popul ar
formats found in the market today are the CAL S Raster and TIFF format,
both utilizing the CCITT Group 4 compression method.

Cost Justification

Cod judtification for the technologies described in
this paper can be based on labor savingsin the
drafting process as well asimproved dataand in-
formation access and management.

Life Cycle Savings. In an aticlefirst gopearing in
Document Management Magazine, the inherent
cost to recreate and revise a complex drawing,
using each of the methods we have discussed,
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were compared. This comparison considered both
theinitia capture time, various labor rates, and the
timeasociaed with  making revisonsto the
drawing once it had been captured.

The hybrid raster/CAD approach, which diminates
the redraw, clean up, and verification process
found with vectorization, offers the greatest imme-
diate cost benefit. It incursthe least labor require-
ments for the first revison and is the best gpproach
when vector CAD is not necessary. Vector CAD
represents the best subsequent revision cost sav-

ings,

A revidon life-cycle andyss can help determine
the best revison method for your Situation.

To Buy or Outsource. To move ahead and cre-
ate your raster images (scan), a decison needsto
be made between purchasing a scanner or
outsourcing your documents. The factors to con-
Sder are your labor rates, availability of saff, se-
curity concerns, volume, time frame, and enhance-
ment and indexing demands. The following model
identifies a point of optimum cost benefit depend-
ing on drawing volumes.

Scanner Procurement vs. Services
Break-Even model

& o
<) S
& & ™
&S
$Cost q_’\?
éci\b urcnese
ner ¥
scal

Number of Scans

Benefits of Scanning. The direct benefits of in-
tegrating paper within CAD and EDM can be seen

with labor savingsin the revison cycle and re-
trlevai But there are also many other benefits:
Increased vaue of your CAD system by
eiminating its use for tedious redraw. It can
now be used for productive design and
andyssfunctions.
A common and secure database.
Reduced retrieva and print times.
Improved flow of information with Workflow
and E-mall toadls.
Improved conformance to 1SO 9000 or
OSHA regulations.
Increased paper drawing vaue from integra-
tion with CAD and EDM tools.

Conclusion

Scanning drawings into digita ragter form isthe es-
sentid firg sep for the methods provided in this
andyds. Thejudtification for scanning to araster
image can be made easily by assessing the in-
creased vaue incurred from a document manage-
ment sysem. Smply put, it will improve company-
wide document accessibility and reduce drawing
revison and facilities cogts.

With reduced labor costs and improved usage of
CAD, the benefits of revising drawings e ectron-
cdly are clear. The trade-off between investing in
the up front conversion to full CAD vs. teking ad-
vantage of lower costing hybrid and raster CAD
systems needs to be evauated on an individud ba-
gs

A proven and well-utilized trangtion procedure is
incremental conversion. Products thet offer this ca-
pability have afull raster CAD drafting tool set as
well as the ability to convert sdective parts of the
drawing to full vector CAD on-demand. The
guestion surrounding your decision to enable your
drawing archives into an eectronic environment
should not beif, but when.
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