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I. Archiving. The question of archiving images from books has come up from time to time. In discussing this topic we must separate the archiving process from the reproduction process. Techniques of photography, storage, and preservation are well known, and are the best methods of preserving copies of documents. The resulting negative “masters” can be reproduced, and positives sold or distributed for further use in the “reproduction” process.

This is an expensive process, and requires sponsors and equipment and is beyond the scope of individual efforts. Alternative methods include scanning with a rotary camera, flatbed scanning, and microfilm. Only the flatbed scanning process is within the reach of individuals. Until recently high quality scanners were available for $100 or so capable of 48 bit color scanning (16 bit grey scale) at resolutions up to 4800 dpi (dots per inch). This has made amateur archiving a possibility, at least with books which can stand up to the stress of a flatbed scanner or whose owners are willing to subject them to such abuse. 

The resulting digital files can be of enormous proportions which puts a limit on the practical resolution which can be used. A 3”x5” image at 600 dpi and 8 bits of grey takes up about 6 megabytes of storage. At 1200 dpi and 16 bits of grey this becomes 48 mb per image. This is probably a good working value, with 10 images per CD. A 7” x 9” image becomes 250 megabytes, or 2 images per CD ROM, stretching the limits of current desktop hardware. As will be seen below, high resolution is more important in the reproduction than the scanning process, the opposite of what one might expect intuitively. 

II. The Nature of an Image. For future discussion it is useful to consider a two dimensional picture as a 3 dimensional object. Two of the dimensions are the x and y coordinates of the picture, while the third, z, represents the amount of black (or white) at that point. Physically one could consider a pencil drawing; a light line will have a low value of z, while pressing harder would add more black and increase the value of z. The heavier line would also be wider, and so a line drawn on the page would be represented by a trough carved into the z direction, or like a wave trough on a surface of water. The process of reproduction will then be seen as the transformation of this 3-d continuous function into a flat 2 dimensional picture. 

III. Taking Advantage of Problems. A problem which arises with many old books is foxing, or the gradual tanning of the paper, presenting a shaded background rather than a white background to the picture. One way to correct this is to save separate red, green, blue images. One of these will usually eliminate the usualy reddish tint and can be converted to black and white. Another method is to examine the pixel histogram in a software program. The off-white background will appear as a big hump at one end of the histogram. Slicing these pixels out of the picture will  eliminate the foxing. If the picture was captured at 16 bits, the remaining pixels will be adjusted to give a full 8 bit grey scale image on down conversion. In fact this is one of the main reasons I use 14 or 16 bit scanning. 

III. The Reproduction Process. As mentioned above, reproduction involves representing a 3-d continuous tone image on a two dimensional pixellated pallette. As was shown above the number of grey levels is proportional to the square of the dpi of the laser printer. Thus a 1200 dpi laser printer will provide 4 times the grey depth of a 600 dpi printer. 

It is in the reproduction process that we encounter  “half-toning” . This step is necessary because it is not possible to deposit a “grey” particle of ink on paper. It is either white or black. Similarly with a laser printer an individual dot is either on or off. There is no such thing as a “grey” dot. There are  many methods of half-toning, and there has been much theoretical work done on the subject. In printing the process is performed with a “half-tone screen” which consists of etched lines spaced 53 or so lines apart for newspaper work, angled at 45° to the horizontal. This number is called the “frequency”, in lines/inch. The output device (image setter, laser printer) will have an output “resolution” which could be 1270 lines/inch for an image setter or 300 dots/inch for a laser printer. The result of the half toning process is a picture  with n/m cells per side, with each cell containing (n²/m² + 1) levels of grey. Thus a 133 line screen at 1270 dpi would show 92 levels of grey in each cell, 1/133” on a side. On a 600 dpi laser printer there would be only 20 levels of grey. Thus contrary to what one might think the high resolution of a laser printer is not to provide more horizontal detail, but to provide more depth in the separation of the grey levels in the reproduced image. The following values of m are customary in the printing trade (a prime number is desirable to avoid moire patterns):



Photocopier

50-90



Newspaper

60-85



Quick-print printer
85-110



Direct Mail

110-150



Magazine

133-175



Art book

175-300

With a laser printer one is not limited to a physical screen, and various methods of mathematical manipulation can be used to perform the “half-toning” process. In the half-toning process mentioned above, the image quality is dependent on two numbers, n and m. Clearly if we have a very sharp line drawing, there will be only 2 levels of grey, white and black. For this type of image we would take n = m = 1 This form of flattening is called “thresholding”, or “bit-mapping”. For each pixel if the grey value exceeds a certain percentage, if is printed as black, otherwise as white. Use of this method on a more gradual grey scale image results in output containing “puddles of ink”. . For a scene with clouds and no sharp lines, a larger value of m would be required.

There is another mathematical method of half-toning, called orbital error diffusion. In this process the error in each pixel is gradually diffused through neighboring pixels. The result is said in the textbooks to be the “optimum” process for a laser printer at a given dpi. It is in fact amazing to see how well this process reproduces a line drawing. (At high resolutions the line looks like a rope or piece of yarn with holes in it) The advantage of this method is that is independent of m. and depends only on  n, the resolution of the printer. A slight alteration in scale however, and the picture quickly degrades. 

These mathematical methods of half-toning are performed best by software packages such as Photoshop ™.  

IV. Control of the Output Process. From the above it is seen how important is the  knowledge of the parameters of the printing process. If half-toning in performed in software, where it is most flexibly applied, then no half toning should be applied by the laser printer. In my old HP 4P laser printer, there are 4 hardware options: coarse half-tone, fine half-tone, error diffusion, and “none”. However the HP8000 laser printer, used in many office environments, has only 2 options, coarse and fine half-toning. The “none” option is not available. This means that your carefully designed halftone image flattened optimally is going to be chopped up again by the printer’s half tone process. Not a desirable thing at all. This was no doubt a concession to the sales force, to eliminate the “puddles of ink” which did not look nice on a sales floor. If you are sending output to a service bureau all of these things need to be discussed. 

On another point, the “flattened” image should be presented to the printer at full scale. If you are printing an 8x10 photo, then the half-tone image should be 8x10.  Also the half-toning should be applied to an 8x10 image. If the original grey scale image was 3x5, then the image should be scaled up using appropriate software interpolation (linear, Bezier, etc.) at the dot resoloution of the final print, before “flattening”. 

V. Application to POD Printing. The availability of customer based POD (Publish on Demand) printing sites makes it possible to publish a book in very short runs, in some cases a single book. The process makes use of high speed laser printers and automated binding machines.  These sites are usually sparing in the information they provide about the actual hardward in use, and in some cases may bulk up orders for shipment to a larger printing establishment.  It is necessary to print a number of test pages to determine if the laser printer in use has been set up to reproduce good copies of images. In principle a 1200 dpi laser printer llike the Xerox™ 1200 should be capable of producing excellent results. 

