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1. Introduction

Main Messages:

• Research for generating high-quality vector graphics has to be

intensified.

• Pixels are often just not enough when representing graphical

material, in particular, for print reproduction.

• With analytic rendering and high quality vector representation,

errors & artifacts in models & technique show up more readily.
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1. Introduction

Introduction

• NPR: many traditional and new techniques possible

• recently, quest for speed and realism in NPR

• (ab)use of graphics hardware

• most techniques produce pixel images for screen viewing

• limitations of this development

– file sizes
– level of detail
– print reproduction

⇒ call for vector graphic rendering
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1. Introduction

Vector Graphic NPR Techniques

from Hsu & Lee (1994) created with OpenNPAR

Hertzmann & Zorin (2000)created with Taprats

from Secord (2002)

from Schönwälder (1997)
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1. Introduction

Initial Motivation1

• comparison of pixel images with vector graphics

pixel images vector graphics

resolution fixed adaptive
printing resolution problems always rasterized at correct resolution
file sizes depend on image resolution depend on objects & object detail
magnification “fat pixels” easily possible (to a certain degree)
description sampled analytic
display speeds fast slower
modifications hardly possible easily possible
domains screen viewing, PR print and screen viewing, NPR

1 Most of you will know this already.
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2. A Call for Rendering Vector Graphics

Case Study

• for image displayed/printed at 5 cm x 3 cm (1.96 in x 1.19 in)

• comparison to pixel images in terms of quality and file size

• vector graphic: 417 kB uncompressed (EPS), 117 kB compressed (PDF)

• see handout
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2. A Call for Rendering Vector Graphics

Case Study: Screen View (with anti-aliasing)

197 x 119, 100 ppi, 8 bit 591 x 356, 300 ppi, 8 bit vector graphic

uncompr. 23 kB 205 kB 417 kB
PNG/PDF 11 kB 52 kB 117 kB

image

detail
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2. A Call for Rendering Vector Graphics

Case Study: Print (in b/w)

2362 x 1423, 1200 dpi, 1 bit 4724 x 2846, 2400 dpi, 1 bit vector graphic

uncompr. 410 kB 1,641 kB 417 kB
PNG/PDF 68 kB 166 kB 117 kB

image

detail
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2. A Call for Rendering Vector Graphics

Considering Detail

• resolution and detail on demand; fine details can be represented

vector image from Hsu & Lee (1994); pixel image produced at 800 x 590 pixels
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2. A Call for Rendering Vector Graphics

Representing NPR

Wood (1994), page 41, Figure 4.31.

• strokes vs. pixels

as primitives

• regional approach

⇒ analytic (vector)

representation
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3. New Problems

Quality in Vector Rendering
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• what lines to place & where?
→ local vs. regional techniques
→ input from illustrators and graphic designers

• which artifacts to avoid and how?

• which artifacts to produce intentionally to make images less sterile?

T. Isenberg, M. C. Sousa, S. Carpendale 11 Breaking the Pixel Barrier



3. New Problems

Vector Rendering & Models
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• 3D model quality issues, e. g.,
– restrictions on triangles
– restrictions on model correctness
– restrictions on surface properties
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4. Future Research Directions and Open Questions

Future Research Directions

• effective use of spot colors, shading with spot colors?

• vector graphic rendering pipeline, what is different, hardware?

• how to reproduce the specific characteristics of traditional tools as

vector graphics rather than by textures (e. g., Hsu & Lee, 1994)?

• interactive level-of-detail, vector graphic mip-mapping

(Salisbury et al., 1996)?

• vector graphic format standards
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4. Future Research Directions and Open Questions

Other NPR Techniques as Vector Graphics!

from Ostromoukhov (1999)from Anjyo & Hiramitsu (2003)

• artistic halftoning

• comic and cartoon rendering

• ornaments & calligraphy, see

Salesin (2002), Challenges 1.2 and 1.3

• font initials & book decorations
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4. Future Research Directions and Open Questions
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4. Future Research Directions and Open Questions

Why so Little Use?

To appear, NPAR 2002, Annecy, France

Weighted Voronoi Stippling

Adrian Secord∗

Department of Computer Science
University of British Columbia, Vancouver, BC, Canada

Figure 1: Artist’s posable figures with approximately 1000 stipples each

Abstract

The traditional artistic technique ofstippling places small dots of
ink onto paper such that their density give the impression of tone.
The artist tightly controls the relative placement of the stipples on
the paper to produce even tones and avoid artifacts, leading to long
creation times for the drawings.

We present two non-interactive techniques for generating stipple
drawings from grayscale images using weighted centroidal Voronoi
diagrams. An iterative technique acts on input images directly
to produce high-quality stipple drawings and a real-time approach
uses precomputed dot distributions to stipple images quickly.

CR Categories: I.3.3 [Picture/Image Generation]: Display al-
gorithms I.3.4 [Graphics Utilities]: Paint systems I.3.5 [Compu-
tational Geometry and Object Modelling]: Geometric algorithms,
languages and systems

Keywords: Non-photorealistic rendering, stippling, Voronoi dia-
grams

1 Introduction

Stippling as a technique came into existence to give artists con-
trol over the half-toning processes used when printing images in
books was a new and difficult task [Jastrzebski 1985]. The tech-
nique consists of carefully placing many small dots of ink on paper
to approximate different tones. Stipples are placed closer together
to form dark regions and further apart to form lighter regions. The

∗ajsecord@cs.ubc.ca, http://www.cs.ubc.ca/˜ajsecord

stipples must be placed evenly yet randomly so that the human eye
does not see spurious patterns that are not a part of the intended
impression. The stipples may vary in size and occasionally shape
to convey subtle details.

The original advantage of stippling was its ease of reproduction.
The half-toning used to print images in books was of highly vari-
able quality and often drawings were drastically resized to meet
space requirements. While normal drawings suffered from such
treatment stipple drawings retained their attributes more faithfully.
In addition, printing a stippled drawing requires only the ability
to produce dots of a single colour, making it an inexpensive tech-
nique [Wood 1994].

However, stippling has significant artistic merit independent of
its utility. The stipples can represent fine detail and texture with
little cost in complexity. Stippling is particularly good at clearly
representing smooth, rounded objects without sharp edges and so is
often used in medical and archaeological texts.

We wish to generate stipple drawings from images with as lit-
tle user input as possible. The goal is to develop a tool which
can generate high-quality stipple drawings from any source whatso-
ever, which implies that we use images as input and not 3D models.
While this limits the amount of information we have to work with,
it allows us a greater variety of input sources. For example, a user
could start from a scanned pencil sketch, a photograph, the output
of a 3D interactive application, frames of an animation, etc.

One of the features of a good stipple drawing is that the stipples
arewell-spaced, that is, the stipples do not clump together, leave
uneven voids, or form unwanted patterns. The artist achieves this by
carefully placing each stipple onto the page, explaining why stipple
drawings often take weeks to create by hand.

Central to our approach is the use of centroidal Voronoi diagrams
to produce good distributions of points, as explained in Section 2.1.
These distributions can be pre-computed for various different con-
stant tonal values and accessed at run-time to generate stipple draw-
ings rapidly, as covered in Section 4. Alternatively, the input image
can be used directly as a weighting function to create a distribution
of points that approximate its tones. This method produces images
of higher quality but takes more processing time, as explained in
Section 3.

from Secord (2002)

• technology for vector graphic processing not easily available?

• (too much) more effort necessary for vector output?

• (more) technical problems with documents containing vector graphics?

• we don’t teach the necessity for and rendering of vector graphics?

• (model & technique) errors show up much more readily?

• dominance of (hardware-accelerated) pixel pipeline?

• high quality (print) results not encouraged?

• fear of people stealing high-quality images?

• issues with standards?
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5. Conclusion

Conclusion

• vector graphics: better quality for both screen view and printing

for many NPR techniques—but not for all

• vector rendering matches the non-local character of strokes

• put more emphasis into rendering vector images
– use and keep analytic vector information, vector pipelines
– make use of available tools

• improvement through
– using input from illustrators and graphic designers
– thinking about artifacts in images and models
– teaching why and how to produce high quality images

• what about (photo-)realism?

This work has been supported by the Natural Sciences and Engineering Research

Council of Canada (NSERC).
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The End

No pixel images were harmed during the creation of this presentation.
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Appendix

Case Study: Handout

• for image displayed/printed at 5 cm x 3 cm (1.96 in x 1.19 in)

• 100 ppi: 197 x 119; 300 ppi: 591 x 356;

1200 dpi: 2362 x 1423; 2400 dpi: 4724 x 2846

screen (with anti-aliasing) print (in b/w) both
100 ppi, 8 bit 300 ppi, 8 bit 1200 dpi, 1 bit 2400 dpi, 1 bit vector graphic

uncompr. 23 kB 205 kB 410 kB 1,641 kB 417 kB
PNG/PDF 11 kB 52 kB 68 kB 166 kB 117 kB

image

detail
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