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As we move from the 20" Century into the information age of the 21%, mountains of important
material are being lost because there no way to index or even know where it might be. Established
archives hold only a small fraction of the documentation relevant to the historical context of many
exciting topics, with much scattered in personal collections and corporate files. Thetragic stories of
how much valuable materia has gone into the dumpsters bring tears to the eyes of historians. Still,
those who do seek out material from history's dark corners are faced with an information dilemma.
How to collect the material in an efficient and useable manner for study and analysis a alater time.
For the past 30-40 years we have had the ability to "Xerox" or photocopy documents, usually at
relatively poor quality, but necessary given the usually brief opportunities for access and collection.
Today we have new technol ogies available that not only alow acquiring copies of documents at a
higher standard of quality, but even recovering data from documents that themselves are fragile or of
such poor quality that they cannot be Xeroxed. These methods use optical scanners connected to a
computer. The purpose of this article isto provide researchers with some guidance toward getting the
most from their equipment, while minimizing the collection time and sizes of datafiles.

The first decision to be made when scanning documents is to determine the purpose or use to be made
of the collected information. Thiswill determine the size of the resulting computer data file and
define the usesto which it can later be put. For example, a Xerox like quick copy can be made using
"gray scale" (256 gray colors) at 100 dpi quite rapidly, but the resulting file will not be useable by an
Optical Character Reader (OCR works best with two-color [B& W] images at 300 dpi).

If the purpose isto just have a copy of adocument then it is probably most expeditious to simply
Xerox it. If it isintended to establish an electronically searchable index to raw data, then ascanisin
order. If it is possible that at some future point the information might be reassembled into an
electronically searchable text document then the nature of the original scan is somewhat defined.

Scanners are marvelous pieces of equipment. Today you can buy one with outstanding features for
under $50.00, capabilities that would have cost over $2,500 just 5-6 years ago. While each scanner
usually comes with the software drivers and controls needed to operate it, there can be awide range
of control features available in the different units. "One-Button" scanners are not the best for the kind
of work we are going to be doing. We need to be able to control and adjust the various parametersin
order to get the kind of results we want.

How ScannersWork

Scanning paper documents can be best done with a"flat bed" scanner, in fact thisis the only type
allowed by the National Archives and others because of the possibility of damage by document
feeders. In these the document is placed face down and the scanning head and light source are moved
on railsunderneath. The scanner head contains several rows of miniature light detectors, and for a
"color" scanner, there will be detectors sensitive to red, green, and bluelight. In thisway determining
the relative amounts of R-G-B at each point on the document allows digitizing the full color
spectrum. Most non-commercial scanners today provide an "optical” or mechanical resolution of 600
dpi, that is, 600 dots per inch along the scanning head. Some will offer higher resolution via
"interpolation”, where software in the scanner mathematically provides data values for the interval
between "dots". A digital device does not see "color", rather each of the three primary R-G-B
channels simply determined the amount of "color” it isseeing. These quantities are then divided into
256 levels. While this may not seem like very many shades of color, it has been determined that with



respect to "gray" (on the black-white scale) humans can only discriminate about 80 shades, so 256 is
pretty good. Thereisalso adigital reason for this number. Each valuein acomputer is described by
"hits" of data arranged as "bytes’, or "words". If one"word" (byte) is committed to remembering the
value of a color seen by the scanner head from one of its 600 dots at a particular location in the scan,
then we need to reserve enough memory to contain all of the possible values that that dot can have.
Thisis 256, and can be represented in digital space (where any particular memory location can have
only one of two values, a"1" or a"0") by 28, that is by eight data "bits".

At a scan resolution of 600 dpi each one sgquare inch of document can be described as requiring
600x600 or 36,000 dots, called "pixels’ when in an array. If thiswere our image, when saved asa
computer fileit would require 36 KB (kilobits) of memory. Thisisthe value that you see when you
list computer files and their "size" is reported and is the type of file known asa"bit map". If the
image was an entire 8-1/2"x11" page, at 600 dpi it will produce afile 3,366 KB, one for each "pixel"
in the array, for atotal of 3.4 MB! Andthisisfor afilein only black and white. While old-timers
might think thisis a shocking waste of computer memory, with modern processors and storage media
high-resolution files are cheap compared to the troubl e of re-accessing the original document.

Another issue isto understand the effect of scan resolution (dpi) and printing resolution. Many of us
have printersthat print 720 or even 1440 dpi. Thisis"dots per inch" and is the number of R-G-B dots
the printer is capable of producing. Since it takes a set of R-G-B dots to become a "pixel”, the actual
number of pixels per inchisrealy one-third the number of dots. Conversely, the scanner is actually
limited by the mechanical (optical) spacing between its sensors, which are producing a set of data for
each "pixel". Thismeansthat a printer at 720 dpi would need a scan done at 240 dpi to achieve full
resolution. Any scan done at higher values will have the extra data mathematically reduced by the
printer driver during the print process. For high quality magazine printing the standard is 133 "lines
per inch". While not quite equivalent to dpi the effect isthe same. Standard practice in the mass
publishing businessisto scan at 1.5 times the resolution of the printer. 1f you want your pictures for
books and periodicalsto "snap" the scans should be at a minimum of 600 dpi. For archival purposes,
when you are scanning a quality image or drawing using a high resolution to provide a good basis that
anticipates future needs, and developments in printing equipment. The real advantage of having high
resolution scan capabilitiesis that small images can be enlarged in the final print without degradation
in quality. For line-art or drawings, using high resolution is necessary to minimize the "jaggies" or
stair-steps seen in otherwise straight lines. High-resolution scans of line-art may not cause excessive
file sizesif compression formats like LZW-TIF are used. They will require your computer to have a
fairly large amount of RAM memory in order to process or manipulate the image.

With a color scan each of the three R-G-B channels produces a 28 word for each pixel, or point on the
scan. Our 8-1/2"x11" color scan at 600 dpi will result in afile some 10.098 MB in size, thisisvery
large and as such will require alot of computer processing time and memory to store and manipul ate.
Scanners described as offering 24 bit" color will use thisformat. Some newer scanners are described
asdoing "30, 32, 42, and even 48 bit" scans. These "ratings" describe the internal data processing
within the scanner, ailmost all scannersin fact output their filesin the 24-bit format. The actual
amount of "color" datais not improved over the original 256 bit level, these scanners can provide a
better color image because they incorporate a control feature known as the "gamma correction”. This
has the effect of alowing the operator to bias the data collection so that the optimum set of 24 bitsis
used in the final imagefile. Thisis particularly useful whenit isdesired to pull information out of
dark prints or shadow areas. Most programs that use scanned data can only operate on 24-hit files,
although the Adobe Photoshop program will handle 48-bit files.

Another aspect of a color scan isthe "number of colors' contained in theimage. "Full Color" is often
shown as "16 million colors", but how can thisbe? Well it is the product of 256x256x256, equating



to 16,777,216 possible hues and shades of color that can be represented by the "color depth" provided
by one 24-bit word representing each R-G-B pixel in a scan.

Obviously scanning full page documents at full color resultsin very largefiles, and all sorts of other
problems, not the least of which isthat it may not be the best representation of the original document.
Thisisacase where "more" is not necessarily "better". Look at Figures 1 and 2, which show an aged
and discolored blue-line document. Figure 1isfull color, while Figure 2 isin 16 colors. With a
million times fewer colors, the two documents still look alike. Thiswould not be true if the image
were of a color photograph.
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pixel and the resulting file is one-third the size of afile at the same resolution, but retaining the " 16
million" colors.
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Even more savings can be achieved if the original document is ablack and white text or drawing.
Here the scan is done with a color depth of "1-bit", which represents two "colors", black and white.
In this case the pixel count equates to the size of the bitmap file.

In summary, the scanning resolution (dpi) determines the number of "pixels' intheimage. The
"color depth" sets the size of the word necessary to contain the information at each pixel, that is,
whether it is black or white (1-bit), black and white (256 grays, 8-bit) or normal color (usually 256
colors, 8-bit), or full color (24-bit). The combinations of selected resolution and color depth
determine the size of files, and importantly, how the image can be used. When images are to be
published in color it will be necessary to convert the R-G-B filesinto CMYK color format. Any of
the good photo editing programs can output your filesin this separated way, making them useable by
the publisher. Black and White images should never be scanned in "color", rather scan as 256 shades
of gray. These are then directly useable by the publisher.

Using scanned document files

With an appropriate scan and a software program with an OCR (Optical Character Recognition)
capability, it is possible to convert the scan bitmap into a text document, such as a Microsoft Word
"doc" file. Asatext fileit can be searched, formatted, edited, and saved in file formats that are



considerably reduced compared to those from a bitmap. Applying this software is somewhat time
consuming, but may be justified for some historical documents that are otherwise being lost due to
age, rarity, or cost. Examplesinclude aircraft manuals where their historical or technical content
justifies the effort, for otherwise the material is not available in a usable format. The additional
benefit of having a document that is fully searchable allows quick retrieval of otherwise obscure
information.

Most OCR programs (OmniPage Pro, FineReader Pro, Readiris Pro) work best with original
documents scanned at 300 dpi. A document scanned at 300 dpi will be only one-forth the size as one
done at 600 dpi, assuming that both are done at the same color depth. Color depth for a document to
be processed by OCR should aso be done as a B&W drawing, the 2-bit setting. This givesthe OCR
program the cleanest image to process. If the scan is done on the gray-scale (256 grays), and then an
image processing program is used to reduce the image to "2-bit", you will find that the OCR process
will have a higher rate of incorrect recognition's. Spell-check can correct a number of these
problems, but it can be areal mess when dealing with numbers. Thisis an example of where the scan
needs to be done with the final usein mind. If there are B& W photos on the original document, and it
isintended to OCR, it is often best to do two scans of the original, one a 300 dpi/2-bit of the entire
page, and the second a 600 dpi/256-gray scan of the photos. The two are then recombined in the final
processed document.

Exploiting the Advantages of Scanning

Not every original document isideal for copying. Look at Xerox's made of color originals, or
originalsthat are on flimsy carbon paper, documents on colored or discolored paper, or worse yet,
thin paper printed on both sides. A scanner can provide excellent results in each of these instances,
though it may require alittle effort at thetime. A lesson to remember, is make these types of
corrections at the time of the scanning, do not try to use an image correction program after the fact.
They can help, but it's not the best.

Most scanner operating software allows the resolution (dpi) to be selected as well as the color depth.
When faced with the objective of getting an OCR quality scan from any of the above troubled
originals, the scanner "threshold" control featureis of great help. Here you can select which of the
three color channelsis going to be used to obtain the "black & white" information and at the same
time the degree of saturation. See Figures 3, 4, and 5 for examples. On athin page, which allows the
back side to show through, this can be set so that only the front image is recorded, and that in a
desirable high contrast B&W. By trying the different color channelsit is possible to compensate for
discolored paper, and even do color scans with the result that a yellow background from the paper
will come out "white", and with fully saturated colors. Just experiment.

File Compression

While a"bitmap" can accurately describe the color and textual content of an original document it
doesresult in very largefiles. Fortunately there are "compression” algorithms (processes) available
that will reduce size of thefile. These algorithms are of two types, "lossy" and "non-lossy". Asthe
names imply, compression can require compromise.

There are many different approaches to compression, such as recognizing that if ascan lineis seeing
mostly white, with an occasional series of black pixels, then converting the bitmap into aformat that
describes the locations of where white switches to black and vice-versa. This may considerably
reduce the size of thefile, and not lose any information in the process. While this may work well on a
B&W drawing, it may result in an increasein file size when applied to a page of typed text.



Other approaches average pixelsin an area together and then reconstruct by considering the similar
content of adjacent areas. These approaches considerably reduce the amount of information in the
resulting file, and are known as "lossy" formats. The GIF and JPG formats used extensively on the
internet are examples. Since most computer monitors are only able to display 72 dpi images the
losses are not usually noticeable. However, if atypical imageis downloaded from a webpage, and
then printed, the results are often unusable. Thetable at the end of this article gives particulars on
several of the commonly used file formats.

Within most of these compression algorithmsit is possible to control the amount of compression, and
hence the quality (and file size) of theimage. Repeated saving of an image can further degrade its
quality. Additionally, decreasing the degree of compression of an image that has already been
compressed will not improve its quality. Likewise, if an image scanned at 300 dpi is processed with a
program like Corel Draw, Paint Shop Pro, or Adobe PhotoShop and increased to 600 dpi al that is
changed isthe size, not the quality. A print of the enlarged image will quickly show the degradation.
The only way to improve the image quality isto rescan the original at a higher resolution.

Adobe Acrobat Format

The Adobe Corporation has provided a software product that has become the defacto standard for
archiving and exchanging large files containing text, data, and images. While they market the
program that creates these ".pdf" files, the Acrobat Reader isfreely available. When material
developed in awide range of other word processing, analysis, and image programsiis " printed”
through the Acrobat software the resulting .pdf files can be viewed, searched, and printed by anyone
with the free reader. The reader can be included on a CD-ROM with the archive material meaning
than any future user of the material will have available the reader, no matter what the form of the
technology of thetime. Since scanning of documents, no matter how efficiently done resultsin many
large files, and even after OCR and other processing, the final documents can still be large. This
recommends the CD-ROM method for storage and circulation of the final documents. In many cases
the original scans can be included as backup material, along with the final. By way of example, the
entire operations, maintenance, overhaul, and erection manuals for the P-51A were placed on asingle
CD. Theresulting .pdf is searchable, printable, and formatted to look like the original manuals.

Transparencies

Slides, negatives, and other transparencies can also be scanned. Thereisadifferenceinthe
equipment required as the light source must be transmitted through the transparency rather than
"reflected". Some flatbed scanners have atop cover that provides the needed light source. These are
quite suitable for large negatives and the like, but the results will not be satisfactory for 35mm dlides.
The problem is the mechanical limitations of the 600 dpi scan head, there are too few pixels.
Specialized slide scanners are available, with optical scan capabilities of 2,400 dpi and above. These
scanners can produce 50 MB files that are suitable for making prints as large as 11"x17".
Commercia scanning services are available and can handle slides and other unique transparencies.
Their equipment is of a higher standard than that usually used by the public and business markets, but
unless the final product is to be a magazine cover, calendar, or other special use thereis no need to
seek out commercial class equipment. When it gets printed in a magazine the resolution is about 150
dpi at the best.

So How Should | Scan and Process Documents?

As stated above, first decide how and for what the scanisto be used. If itisasimple B&W
document, typed or drawn, then do a simple 2-color, 1-bit scan at aresolution of at least 300 dpi.
Thisalowsit to be OCR'd, and will print satisfactorily on today's 600 dpi class printers.



If itisaB&W photo, then scan as 256 grays. Do not scan as color, for the fileswill be threetimes as
large and the image will prabably not be as good. Photos can often be scanned at 300 dpi quite
nicely, particularly if the original is an 8'x10", for the final image when printed in a book or
magazine is usually going to me much smaller, and the file will certainly be. If the original isa 2"x3"
snapshot, then scanning at 600 dpi will result in an image that can be nicely used in a4"-6" size
range. Thisisaso where the fully-interpolated resolution capability of the scanner might be useful.

Scans of printed color plates (not photographs) are usually best scanned at 256 colors, rather than 16-
million. Thisisparticularly true of color drawings and diagrams. Depending on ultimate usage the
resolution should be as large asis convenient in terms of scan time and file size. Interestingly,
scanning a full page color drawing at 600 dpi may in fact produce a bitmap file of nearly 34 million
pixels, the actual file, if saved as acompressed TIF may bein the range of 2-3 MB. Thereductionis
due to the amount of white space. When you reopen thefileit will still have the entire 34 MB worth
of pixels, presented at the selected color depth. If the drawing has only afew colors, then be sure to
set the color depth to 16.

Full color photographs will consume alot of memory. The only practical control is on the scanning
resolution, so keep in mind how large you might want the final image.

Issuesand I ntegrity

With a scanned document you can do alot of things, both good and bad. Using OCR and digital
techniques text and even photographs can be manipulated, becoming what they never were before.
Sinceit is possible to scan almost any document or image, it is critical that we honor copyright laws
and the content of the original. Attribution of material, and permission to use it, is an obligation and
necessity of everyone, historian, writer, or collector. If anitemis"cut" or "edited" in adocument itis
important that this be identified and that the change described. The integrity of the original document
must not be compromised.

Summary

Scanning gives us awonderful tool for dealing with information and documents in ways that have
never before be available. We can make copies that are better than the originals, and provide the
product in formats that are more useful and available than ever before.

The equipment needed is readily available, and costs less than what it would cost to pay for one days
Xeroxing at the National Archives. The associated computing power, memory, and storage media are
likewise affordable while the software to allow full utilization of the capability is fun, though time
consuming to use.

It is hoped that this article encourages the reader to develop scanning skills and thereby improve the
access to rare and otherwise unavailable textual documents that are so important to capturing and
sharing the history of aviation and aircraft engines.

Additional Reading

The Internet is awonderful source of comments, techniques, evaluations and critiques on scanning
and processing methods and equipment. The subject is evolving rapidly and you are encouraged to
seek out specifics and experiences appropriate to the equipment and software you are using.

Daniel D. Whitney
Orangevale, CA 95662
January 30, 2002
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Figure 3: B&W Drawing, 2 colors, 111 KB
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Figure 4: B&W Drawing, 2 colors, 36 KB
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Alternative Raster File Formats, Benefits and Applications

BMP

TIFF

GIF

JPEG

Scheme

Pixel x Pixel with pallet
for up to 8 bit color,
uses scan lines/rows
for higher RGB values

Indexed or Tagged
strips of horizontal
and/or vertical data

Pallet based indexing
with LZW
compression,
interlaced

Separates YCbCr Color and Luminance
data by pixel, then 8x8 tiles to DCT
algorithm,

Compression

RLE-Run Length

LZW-Dictionary based

LZW using 8 bit pallet

Hi-freq data discarded and adjacent

Encoding encoding of patterns in color/brightness data averaged. DCT
file with tile based algorithm operates on tiles. User sets
storage quality
Compression Type Lossless Lossless Lossy Lossy
Compression Ratios Not much 50% with LZW Up to 40% lossless, 10-20:1 with no visible loss in quality, up to

lossy up to max of 5:1

200:1 possible

Use Good for Screen Shots | Good for print work. Good for images with 24 bit color, 8 bit gray. Not good for images
Good for line hard edges and sharp | with hard edges and sharp color changes.
drawings. color changes

Benefits Fast and Efficient Works with RGB, LAB | Good for web work Good for continuous tone photos, very little

screen display (YCbCr), CMYK needing <256 colors perceived quality loss

Limitations Not good for Good for flat or limited | Should "edit" using Lossless format. Not

continuous tone photos

colors, max 256 colors

good for continuous tone or true colors

User Controls

None

PSP-Set DPI and LZW
Compression

Set Transparency
Level and version.

Set compression vs Quality at 1-100.
Determines aggressiveness of DCT
rounding of each tile, results is losslessly
compressed using Huffman compression.
Set level of compression.

Notes:

LZQ is Lempel-Ziv-Welch, a substitutional or dictionary-based encoding algorithm that effectively creates its own look-up dictionary on the fly.
Patterns of data are identified in the data stream and matched to entries in the dictionary, and if necessary a new code phrase added to the
dictionary. RLE encoding compresses consecutively repeated values, whereas LZW compresses by identifying repeated combinations
wherever they appear.
RLE is Run-Length-Encoding, it works by taking repeated sequences and expressing them in two bytes so that a row of similar values is
describes as the number of identical pixels and their color.
DCT is Discrete Cosine Transformation, a mathematical algorithm that defines the equation representing the relevant brightness and color
values in each 8x8 tile.
LAB is name for the Luminance, Chrominance (YCbCr) scheme for describing the brightness and color of a given pixel, or group of pixels.

A 1600x1200x16M-color photo of 5.5 MB, began as a 408 KB JPG, converted to: 5.6 MB BMP, 917 KB GIF, and 4.2 MB TIF.

A 2640x4122x2-line drawing of 1.3 MB, began as a 272 KB TIF, converted to: 1.3 MB BMP, 262 KB GIF, and 2.9 MB JPG (with compression
set at "2", and now has "10" colors, setting compression at "15" reduced to file to 1.6 MB, but now has "56" colors! Setting the dpi from 300 to
600 made no change in file sizes. "Colors" are artifacts of the JPG compression.).

01/30/02
Documents.doc

C:\My Articles\Digital Scanning\Scanning




