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Abstract
<div class=it>Are we ready to move from black and white document to those with a gray scale or full color? 

In the early days of digital imaging, the available technology struggled to even support simple black and white images. Computer and network technology has advanced so that gray and/or color is viable - at least for part of the process, or for specialized documents such as photographs or historical preservation. As discussed in this paper, we may not be ready to use gray or color for all of our office documents, but it may be a very useful tool for at least part of the process.</div>

Office documents are traditionally black and white. Never mind that the original was written in blue ink or a gray pencil on yellow paper, they have always been considered black and white. Microfilm uses high contrast photographic techniques to produce images as pure black and white as possible. Office copiers use black toner on white paper, and normally consider any gray in the background a failure of the technology. Fax machines convert the document to digital images that are binary - either black or white - with no facility to transmit gray. So when digital imaging emerged almost 20 years ago, the logical assumption was pure black and white. And the technology available 20 years ago had to stretch to support even the simple binary - pure black and white - images.

User expectations are starting to change, as office documents now often include areas with shaded backgrounds, spot colors, and manual annotations such as colored marks and highlighting. 

Shaded areas are not handled well with binary imaging techniques. And in the world of black and white documents, colored highlighting is much like shading. The shaded areas can 

· become black, blocking the information in that area 

· disappear - become white - losing the emphasis that the shading was to provide. This is undesirable, but far better than the option of becoming solid black. 

How much detail?
100 pixels per inch will easily show the text of normal office correspondence - 10 or 12 point type. But fine print may be a little hard to read - 6 point type that says "Telephone number" may be obvious in context, but if the phone number itself were that small, we might not be certain in recognizing each individual digit. Therefore it is common to display an image at roughly 100 pixels per inch (900 x 1200 pixels for a full page) but to scan and store the document at 200 pixels per inch, so the extra detail is still available if necessary to "read the fine print."

As the image is shrunk for display, it is much easier to read if the multiple pixels become a single gray pixel, based on analysis of the underlying data, rather than just black or white. This "scale to gray" technology was a processing strain on early computers, but is routinely used today. 

If gray makes it easier for a person to recognize the text, do we need a full 200 pixels per inch in a gray document? Empirically, a gray document at 150 pixels per inch is as easy to read as a binary document at 200 pixels per inch. Analysis of snapshot-type photographs suggests that 150 pixels per inch is appropriate for most color and "black and white" pictures, as well as gray-scale documents. </div>

· become a simulated gray. In a pure black and white world this consists of alternating tiny areas of black and white - which blurs the text and can take a huge amount of storage. 

Can we move away from the traditional binary - pure black and white - document image? Has the technology changed enough that we can now consider using gray or even color?

· Scanners have always captured each individual spot (pixel) as a level of gray, but the early computers were not fast enough to handle 4-8 bits of data (the level of gray) for every pixel in an image. Therefore the early scanners converted the darker grays to black, and the lighter grays to white, so only one bit per pixel leaves the scanner. Even with only one bit per pixel, the 4 million bits (500,000 bytes) from a typical page were too much, too fast, for the slow PCs of the day, especially from faster scanners. Therefore special processors and interfaces were added, like the "video" interface to the popular Kofax scanner control card. These cards had additional processors and memory to compress the image so the slow computer of that period did not have to do the compression. And the compressed image had fewer than one bit to store and move for each pixel - typically under 50,000 bytes per page. Today's desktop computers can handle both color and gray (even simultaneously) directly from high speed duplex scanners. Processors and programs are fast enough to do the compression in software. Thus the scanner and the supporting computer are no longer a limitation, and special interface cards with extra processors are not normally required. <!-- sidebar --><!-- end of sidebar -->
· Displays. In the early days of imaging, 800 x 600 was considered high resolution on a PC monitor. That is 480,000 pixels, but if we try to display a full size document, there are only about 50 pixels per inch, barely enough to read "full size" document print, and certainly not enough detail for "fine print." Therefore special monitors (black and white only) and special display adapters were used for imaging, or a lot of time was spent scrolling around a page. Today's monitors routinely support 1280 x 1024 or 1600 x 1200 pixels, in full color. An office document can be displayed "full size" on a 21 inch monitor, at roughly 100 pixels per inch. Most documents can be read, and the zoom used occasionally to see the fine print. What was very difficult to display a few years ago has become routine - the monitor and display adapter are no longer limitations. 

· Storage required for an uncompressed image at 200 pixels per inch is about 465,000 bytes. The compressed image size depends on what is on the page - an average business document requires 50,000 bytes. A clean page with wide margins and no clutter in the background may be 25,000 bytes or smaller, while a full page of fine print or cluttered background can take over 100,000 bytes. For comparison, a recent test scanned the same document several ways:
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<!-- Row 1 -->Black and White document image, 200 pixels per inch, TIFF file format with T.6 (group 4) compression
43 K
 bytes

<!-- Row 2 -->Gray scale document image, 200 pixels per inch, JPEG compression and file format
466 K bytes

<!-- Row 3 -->Gray scale document image, 200 pixels per inch, GIF file format, LZW compression
988 K bytes

<!-- Row 4 -->Gray scale document image, 150 pixels per inch, JPEG compression and file format, comparable recognition to Black and White image at 200 pixels per inch.
334 K bytes

<!-- Row 5 -->Color document image (of largely black and white office document), 200 pixels per inch, JPEG compression and file format
522 K bytes

<!-- Row 6 -->Color snapshot (3 1/2 x 5 inches), 150 pixels per inch, JPEG compression and file format
114 K bytes

<!-- Row 7 -->Gray-scale snapshot (3 1/2 x 5 inches), 150 pixels per inch, JPEG compression and file format
113 K bytes

A gray image of a document, at the same 200 pixels per inch, is over 10 times as large as the same document in pure black and white. But note that the color image is only 10-15% larger than the gray scale image. Smaller snapshots only require slightly more storage than a black and white office document, and by tuning the size, compression, and resolution, can often be stored in 50 K bytes. 

Preservation imaging, scanning priceless documents to make them accessible to the public and protect them for posterity, is normally done at high resolution in color. A single page may be 50 megabytes or more, but storage costs are almost immaterial. From that very large "master" image, working copies can be rendered that have sufficient detail for any purpose, and a far more practical size. For example, one of the original Gutenberg Bibles was recently scanned. The master copy of the whole Bible requires 60 gigabytes of storage, but a color working copy of one page is only 139K Bytes. These large sizes are impractical for millions of office records, but a practical solution for specialized needs and documents.

Early image systems could not justify the magnetic storage required for large numbers of documents, even at 50,000 bytes per page, so often used optical disc for all but the most active documents. The performance and reliability of optical storage has become intolerable as companies try to provide better services, or encourage customers to use Internet-based self-service. Recently the cost of magnetic storage has dropped until it is comparable to optical discs. Thus many companies can now justify the long term storage on magnetic disks, but most companies still cannot justify the cost of storing all their images in a form that is many times as large. 

· Network capacity has skyrocketed. In the early days of imaging, hundreds of people might share a 4 or 10 Mbps network connection, and 1200 bps was a fast dial-up line. Today's offices routinely provide 100 Mbps switched (not shared) network connections, and many homes are connected by cable modems operating at 1 Mbps or more. Wide area networks between a company's office may still be constrained, but there is little issue with locally working with the largest images. 

Using Grayscale documents today

From the analysis above one could properly conclude that Grayscale image processing is very useful today as long as it isn't used for long term storage of a large number of documents, and as long as it is primarily used locally, not over a wide area network. But if I can't save it or send it, what good is it? Plenty!

Have you ever rescanned (or recopied) a document to make the image lighter or darker? Think about what happened: After the hassle of finding the original document (whether paper or microfilm), you returned to the same scanner, which used the same light source, and scanned the document in the same way. That gray scale image then goes through an initial processing, such as adjusting for the lighting. Then, just before output, the gray image is again converted to black and white, considering the setting of the automatic and/or manual brightness controls. 

How much can you see?
A gray image might have at least 16 shades of gray (4 bits), but more likely will have up to 256 shades of gray, based on the common use of 8 bits for computer data. If there were "only" 16 different shades of gray, most people could distinguish between the shades if they were put side-by-side. If there are 256 different shades, based on 8 bits of data, many of those shades would appear identical to most people. Generally it is agreed that most people can distinguish about 100 different shades of gray (6 bits).

Radiologists, who spend their career analyzing medical images such as x-rays, develop their ability to distinguish more shades of gray. They also "shift" the gray by putting a stronger light behind part of the image. Therefore medical images are often used at 10 or 12 bits (up to 1,000 shades of gray) rather than 4-8 bits.</div>

If the first 90% of the process is the same each time the document is scanned, then why don't we save that gray image and make the adjustments later, without rescanning? The answer lies in the history - for many years we didn't have the capacity in our computers to do that. Today we do. So in the simplest case, the gray scale image may be moved to the quality inspection station, where each image can be adjusted, just as it was at the scanner. But without rescanning.  <!-- sidebar -->
<!-- end of sidebar -->The simplest process is setting the threshold - the dividing level where everything lighter is considered white, and everything darker is considered black. For example, white paper may reflect 85% if the light, and black ink on that paper may reflect 20%. So setting the threshold anywhere between 20% and 85% will give good output on that black and white document. But if blue pen or gray pencil were used, or if the lines were thin, or the pixels in the scanner don't align perfectly with the writing (they never do), then each pixel will be part line and part paper, and may reflect 40-50%. So we might adjust the contrast on the scanner so that the threshold is at 60%, and still get a good image from pen or pencil on white paper. 

But what happens if one of the pages was written on colored paper - such as a yellow pad? The paper itself may only reflect 50% of the light, so if the threshold was set at 60% (as the scanner was set for the previous document) the resulting image is all black. The pixels that include writing also include some paper, so they are darker too - maybe 30-40% reflection next to the 50% reflection of the paper. So the threshold needs to be set somewhere between 40% and 50% - a different setting than for the document on white paper. But if the gray image was delivered by the scanner, rather than only setting the threshold within the scanner, we can adjust the threshold without rescanning. With the high performance of today's personal computers this is a very practical idea, even if we do not permanently save the gray image. 

Why don't we just use automatic contrast adjustment, like copiers? Using the examples above, it would be fairly easy to look at the whole image and see that the one on white paper varied from 20% to 85% reflection, while the one on colored paper varied from 30% to 50% reflection. Given that information, it is possible to "spread" the gray image from the colored paper - for starters, multiply each value by 1.5 (that would help, but in practice a more sophisticated function is used). That process is not hard to implement, but few tools that allow you to convert gray to black-and-white currently provide an option to set the threshold. The viewer/converter needs to be part of your purchase plan.

The best process includes a localized analysis of the image - working with small parts of a page rather than the overall page. For example, if half of the page had a colored background, and the other half was white, a different threshold may be required for the different parts. One vendor proudly shows how their system handles a document with shading that varies continuously from dark to light. 

What is "Spot Color"
If an artist drew a blue block on a computer screen made of the components R=76, G=189, B=244, you would probably think "American Express" before it was completed. That particular shade of blue is used repeatedly through the American Express advertising and documents. And there are production printers that allow American Express to add spots of their special blue to their statements and other documents, without using a full color printer. 

Most companies are concerned that they get just the right color in their documents, and through repeated use it becomes part of their corporate identity. A picture of an umbrella doesn't usually make you think of a company, but a red umbrella immediately invokes Travelers / Citigroup. 

Printing just one color is far easier than full color printing. And that one color can be your special color. And capturing a limited set of colors in a digital image can be far easier than dealing with a full color image.</div>

Bottom line: Today's computers have the speed and capacity to handle gray documents - they no longer must have the images converted to black and white by the scanner. A few of today's scanners will now deliver either (or both) the black and white and the gray image to the connected computer, at the full speed of the scanner. The technology to analyze each page and always deliver a perfect image is well known and has been included in a few high-end products, but is not widely available (yet) in desktop programs. Therefore, when possible, buy a scanner that can deliver the gray image. Even if you cannot use it with today's software, you will have the opportunity in the future to electronically "rescan" an image without physically going back to the scanner. This is a tremendous opportunity that may have little or no extra cost if you prepare for it today.

Color Documents today

Everyone says they want color: Everyone has color displays. The cost of color printers is dropping, while the quality and performance is improving. Production printing with spot colors is becoming routine. High performance scanners are starting to support color - often at little extra cost. So what are we waiting for?

Preservation of color highlighting and annotation is the most-listed justification. But as noted above, a full-color image of a document page is at least 10 times as large as the black and white image. Not generally a problem in the local computer and network. But that can be a huge issue when we want to store millions of pages, or send images to remote users via an intranet or the Internet.

So what can we do about it? If we only need to keep a few colors, those unique colors can be stored in a separate layer of the image. It might be a layer with a precise color, like the spot colors used for corporate identity. Or it may just be a distinctive color like the yellow used in highlighting or the notes with a red pen. If the highlighting were stored as a separate scanned layer, the smoothness of the edges isn't critical, so a very low resolution image is sufficient. The color (hue, intensity) can even be stored separately, so the highlighting becomes tiny, rather than the huge impact of going to a full color document. And the rest of the document could be stored using the proven black and white techniques. 

Is anyone working with layers? It's getting close. There are a few vendors with proprietary techniques. But JPEG 2000, the second generation color compression, also defined a multilayer JPEG that was not in the initial release of the standard. A scanned image is broken into sections or layers using technology that has become routine in OCR processing. And the different sections or layers are compressed using the most appropriate technology. The results for a document with highlighting, spot color, and a small picture, are almost as small as a black and white document. JPEG files have the extension .jpg for original JPEG, and .j2k or .jp2 for JPEG 2000, but watch for the mulitlayer JPEG 2000 files that will probably have an extension .jpm. Customer demand will move this technology forward - ask for it!
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