A Resolution-Independent Representation for Pen-and-Ink Illustrations

Mike Salisbury Dani Lischinski

Corin Anderson David H. Salesin

Department of Computer Science and Engineering University of Washington Seattle, Washington 98195

Technical Report UW-CSE-96-01-02 January 1996

Abstract

This paper describes a compact resolution- and scale-independent representation for penand-ink illustrations. The proposed representation consists of a low-resolution grey-scale image, augmented by a set of discontinuity segments. We also present a new reconstruction algorithm that magnifies the low-resolution image while keeping the image sharp along the discontinuities. By storing pen-and-ink illustrations in this representation, we can produce high-fidelity illustrations at any scale and resolution by generating an image of the desired size and filling that image with pen-and-ink strokes.

Intrmediumofpenandinkoffersmanyadvantagesforvisuallycommunicatingideas. illustrations can be easily printed alongside text, using the same ink on the same paper, degradation. Moreovergood reproduction quality can be obta665d on commonplace 300 or 600 per-inch laser printers, as well as on lowermonochrome Although illustrations allow only monochromatic strokes of the pen, the resulting illustrations are often their beauty and simplicity [10, 24While the areas of photorealistic rendering and pa66t systems have receiv5d considerable the literature, creating pen-and-ink illustrations on a computer is a relatively 655 Wand Salesin [27] describ5d an automat5d rendering system that produces illustrations from 3D architectural system employs an analytic visible surface algorithm to compute a planar map of the model’projectionontotheimagethemapcanthenbefill5dwiththeproceduralstroketextureassig65dtothecorrespondingsurface. to the analytic planar map and the procedural textures, the system can render vi55 of the model at different scales and the different renderings employ different coll5ctions of individual strokes, the overall effect of the illustration is preserv5d.

ConcurrentlySalisburyetal.[23]propos5daninteractivesystemthatallowstheuserto“pa66t”withprioritiz5dstrokesystemisparticularlyusefulforapplyingstroketoascan65dorsyntheticimage,effectivelycreatingan“artistically-halfto65dmonochrometheusercreatesthepen-and-inkillustrationonthescreen,andtheillustrationasalonglistofezierOne problem with this straightforward WYSIWYG is that illustrations represented in this manner can6ot be reproduc5d at different scales or without sig6ificantly changing their overall way of example, consider the three illustrations shown in Figure 1. 1(b) shows the at the siz5 for which it was desig65d by the we wish to double the siz5 of we can6ot merely scale it by a factor of two; such a scaling lightens the tone by the same number of strokes over a larger area, as demonstrat5d by Figure 1(c). this effect be mitigat5d by thickening the strokes in the scaled-up version, the character of the illustration considerably Converselyscalingtheillustrationdowndarkensthetone,astheofstrokesincreases(Figureresolutionscouldalsoproduceunwantedefinstance, all three illustrations would look darker on a 300 dot-per-inch printer, as they use that are too thin for that resolution.

A6other problem with storing illustrations as B ezier strokes is that the sheer number of strokes such a representation expensive to store, slow to transmit, and cumbersome to include in example, the siz5 of each of the three illustrations in Figure 1 is about megabyte in PostScript [1].

In this paper, we extend the work of Salisbury et al., by proposing an alternative representation pen-and-ink illustrations that is scale- and resolution-independent, well as 1

(a) (b) (c)

Figure 3 A pepper at three different scales. Original photograph by Edward Weston [26].

The illustrations in Figure 7 are close-ups of the lower-right-hand corner of Figure 6 and show the potential for using our representation to generate poster-sized illustrations. Figure 7(a) shows the discontinuity edges used to generate 7(c) and, in turn, 7(e). The images in 7(b) and 7(c) are the greyscale images that were used as references for illustrating the key’s texture in 7(d) and 7(e). All of the edges in these and the other illustrations we present were found automatically with our edge detector.

Notice in Figure 7(a) that the key is not completely surrounded by edges. In places where no discontinuity edges are present, our reconstruction produces smooth changes in grey-scale, even in the vicinity of discontinuity endpoints.

Table 1 gives the storage requirements and reconstruction times required for the illustrations in this paper. The REPRESENTATION column gives the number of pixels stored on disk, the number of discontinuities used, and the total size of both in kilobytes. The OUTPUT column gives the size of the reconstructed grey-scale image that was used for blasting, and the size, in megabytes, of the PostScript file used for printing. Finally, the TIME column gives the time required to pre-process, enlarge, and blast the image with strokes. These times were measured on a 200MHz Indigo2. To summarize the table, our representation reduces the storage requirements of these illustrations by a factor of 100– 1000, and it takes from 1–15 minutes to render them.

Figure 4 Enlarged pepper.

(a) (b)

Figure 5 An illustration with standard filtering (a) and with our algorithm (b). Both illustrations were produced from images of the same resolution. Original photograph by Walter Swarthout [25].

5 Future work

Our experience with this representation suggests several areas for future research:

• Algorithm optimizations. Our algorithm is currently too slow to be considered interactive. One of the reasons magnification is slow is that we are performing a 2D filtering operation for each pixel in the output image that is affected by discontinuities. We are working on creating a separable filter that satisfies our output image criteria and that would allow us to perform a faster 1D magnification in each dimension. We have not yet investigated optimizing the CDT or blasting algorithms.

• PostScript renderer. The reduced size of our representation currently offers no practical advantage in transmission to printers or web browsers, because they do not recognize our representation. One solution is to write rendering code in the languages that these devices understand. For example, a PostScript printer could be sent illustration rendering code written in PostScript along with several standard stroke textures. This code could then generate an illustration at any requested scale and resolution directly on the output device. Similar programs could be written in Java or Acrobat to allow web browsers to render illustrations.

Figure 6 Keys. Original photograph by Randy Miller [16].

• Curved discontinuity edges. A current restriction of our algorithm is that we only support piec55 se- 665ar discontinuity edges. We can approximate curved edges by a series of straight segments, but using too many segments can slow down our algorithm significantly. Allowing curved discontinuity edges would significantly reduce the number of discontinuities needed. The biggest challenge in implementing this change will be redesigning the shortest path computation in Section 2.2 to deal with curved segments.

• Scalable textures. Currently our stroke textures are applied at a single scale: if the illustration is magnified, the texture shrinks relative to the image. While this effect is acceptable for uniform textures, it could be objectionable for textures with recognizable patterns. It might be better to have a multiresolution stroke texture that could change scale with the illustration. Then, as the scale of the texture increased, finer resolution strokes could automatically be added to the illustration.

• Combining with multiresolution images. Although images with sharp detail can be generated at any resolution with our representation, the color resolution cannot currently be increased beyond the original scale due to the representation’s fixed sampling grid. To be able to add higher-resolution color detail to our representation would require replacing our fixedresolution image with a multiresolution image such as the one described by Berman et al. [4]. In this case, we would also want to develop a multiresolution discontinuity representation in which discontinuities could app5ar and disapp5ar at different scales.

(a)

(b) (c)