Shading Approach for Artistic Stroke Thickness using 2D Light Position

Takashi Ejiri, Yuki Morimoto, Tokiichiro Takahashi,
Tokyo Denki University/UEI Research {t-ejiri, yuki, toki} @vcl.im.dendai.ac.jp

© (d)

Figure 1: (a) Input image of an elephant and light position, (b) our result using (a); (c) input image of cattle and light position; (d) Our
result using (c).

1. Introduction

We present an approach for determining stroke thickness in
illustrations based on two-dimensional (2D) light position. Stroke
rendering is particularly important for cartoons and illustrations in
nonphotorealistic rendering (NPR). In cartoons and illustrations,
stroke thickness is varied for effective expressions.

[Goodwin et al. 2007] proposed a shading approach to artistic
stroke thickness using a three-dimensional (3D) model. However,
shading 2D images using 2D light position remains a challenge.

We propose a method to render artistic stroke styles by varying
thickness considering the distance from a 2D light position.

2. Our Approach

Interface  The proposed method performs illustration styled
shading in real-time by specifying the position of the light in an
input image according to the mouse pointer position (Figures 1la,
lc).

Summary Our shading approach is based on an assumption
presented by [Goodwin et al. 2007]: dark strokes are drawn to
approximate dark regions of the shaded parts. First, the user
inputs a bitmap image of constant thickness strokes. Then, the
input image is segmented into black closed areas to express a
wide range of stroke thicknesses at each area. Each area is shaded
so that the thickness changes partially by considering the 2D light
position. Finally, strokes are rendered in an illustration style by
synthesizing the thickened lines. We use [Potrace] to vectorize
our result.
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Segmentation of input bitmap strokes The input image is first
transformed to a binary image (black or white). Then, sets of
pixels of consecutive white areas are extracted by a labeling
process with their four neighboring black pixels as the segmented
areas. These black pixels are defined as stroke pixels.

We describe our thickening process using the 2D light position
mentioned below.

Calculation of shading direction  First, light directions are
calculated for all stroke pixels. Then, the light directions are
approximated for eight directions. Finally, the opposite direction
of the light direction is obtained as the shading direction.

Calculation of line width Here, the strokes are thickened to the
shading direction. In each stroke pixel, the thickening width W;
(pixels) is determined by considering the 2D Euclidean distance
from the light position D; where i = 0,1...n; n is the number of
stroke pixels. The user specifies the maximum value of the line
width Wy, 4. In each area, the maximum value of the distance
D; is Dy The width W is calculated by the following equation.
W = Di Wmax

' Dmax

Then, we thicken strokes by changing sequential W; pixels in the
shading direction of each stroke pixels into stroke pixels.

3. Result

Figure 1 shows input images (cattle and elephant) and our results.
We administered a questionnaire to compare the results of
[Goodwin] with the results of the proposed method (see
supplemental material). The results of the questionnaire indicate
that our method can render artistic strokes from 2D image and
light position as well as the 3D method.
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