349 el mdz RHY goeg dudE a7

™

[@Xe]
I =

AFH s Fof oj9dl 2l =24 7L e A4 (9 A, 24 A2, Ao wA ol U4,
Al 2, HolE ¢F ol dF] 2RIk dftFoR 29l =24 ¢uHEL SestE FHE Y dHolHE HE
she A2 Yo, 7hed AlHoz ¥ FHE ARl o AFH 220N gl E2gL nadE
QA EoblA WA 2d # oje}, Bl AAA T 20|13 irk & =EMe AFHA S HoFE
3 28 7Y - &34, A R 2 A B9 gAY SolgolE &30S A%

The Research of Line-Drawing Algorithm from 3D Polygonal Meshes

Soo-Kyun Kim', Jae-Yeon Choi, Chan-Seob Lee

ABSTRACT

Outside of computer graphics field the line drawing is widely used in pattern recognition (medical diagnosis, text
processing, drug discovery, and speech recognition), machine learning, data compression and so on. Generally line drawing
is a process of transformation of an input data into a reduced representation, but keeping as much relevant information as
possible. line drawing in computer graphics has wide application in non-photorealistic rendering to create artistic approach,
but also can be used for model reconstruction. We will provide slight description of such linear feature, like contours, ridge
and valley lines, suggestive contours, apparent ridges and highlight contours.
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| . Introduction

Generally, feature extraction is a process of
fransformation of an input data into a reduced
representation, but keeping as much relevant
information as possible. Feature extraction in
computer graphics has wide application in
non-photorealistic rendering to create artistic like
line drawing, but also can be used for model
reconstruction [1].

Feature special form of
dimensionality reduction. Outside of computer

extraction is

graphics field the feature extraction is widely used in

pattern recognition (medical diagnosis, text
processing, drug discovery, and speech recognition),
machine learning, data compression and so on.
Recently line drawing approaches are aimed to
convey geometric information from 3D polygonal
meshes [2], while others want to extract lines, which

will imitate artistic drawing (Figure 1).

oA E23 2 (g) AlolE, () 2fel E2E (3]
. Max Plank model. (a) Shaded, (b) Line Drawing [3]

0

In this survey we provide rough classification of
existing methods into two categories: object-space
and image space approaches. The former approaches
directly process the polygonal mesh data, while the
latter process image, produced by projection of the

mesh onto a view plane. First we will concentrate on
method descriptions, and in the end we will provide

with comparison of the methods.
I1. Direct Mesh Processing Methods

In this section we present methods that directly
process discrete 3D polygonal mesh data without
any fitting. Since mesh data has only C’ continuity, it
is impossible to directly estimate curvature. For this
purpose standard technique introduced in[4] is used.
This section contains description of such linear
features: suggestive contours, apparent ridges, high
light lines.

a8l 2. 22AM MAAEE 22| EE (5]
Fig. 2. Combination of contour lines and suggestive
contours [5]

2.1 Suggestive Contours

DeCarlo et al. in [5] introduced another type of
features - suggestive contours (Figure 3).

Suggestive contours are lines drawn on clearly
visible parts of the surface, where a true contour
would first appear with a minimal change in
viewpoint.

Intuitively, suggestive contour is a set of points,
where contour would appear in nearby viewpoint

(Figure 3). More formally, suggestive contour is an
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inflection point between convex and concave regions
on the model, point p on the figure 3.

From an image-space perspective suggestive
contours are defined as valleys in intensity of shaded
image. Authors also provide image-space algorithm
that exploits this fact. They first produce smoothly
shaded image by placing diffuse light source at the
camera origin. Then image space algorithms are used

to estimate valley from produced image.

main view
c<g

nearby view
c'4

a8 3. & polAel MAAEE 22t [5]
Fig. 3. Suggestive contour at point p. As the view point
moves to ¢’,a contour suddenly appears at p, while the
contour at g'slides along the surface from g [5]

2.2 Apparent Ridges

Judd et al [3] introduced new type of linear
features, called apparent ridges (Figure 1), which are,
in contrast to ridge and valley lines, are
view-dependent and provide more artistically
pleasant results. The definition of apparent ridges is
based on view-dependent curvature, which is
defined in this paper as the variation of the surface
normal with respect to a viewing screen plane.
Apparent ridges are loci of points that maximize a
view-dependent curvature.

Intuitively, view-dependent curvature is how
much the surface is seen to bend from the viewpoint.

It takes into account both the curvature of the object
and the foreshortening due to surface orientation
(Figure 4). At front facing parts of the object, the
values of curvature and view-dependent curvature
are similar. As the object normal turns away from the
viewer, view-dependent curvature becomes much
larger due to projection (Figure 4). Consequently
view-dependent curvature approaches a maximum
of infinity at the contours and so contours are

extracted as apparent ridges.

screen

object

a3 4. ME-35H0 2E
Fig. 4. View-dependent curvature. The maximal
view—-dependent curvature at b’ is much larger than at a’
because of projection [7]

2.3 Highlint Lines

Sometimes dark lines are not sufficient to convey
geometry of shape. For example, when dark lines are
conveying both convex and concave parts of the
model, both lines are mixed and it is becoming hard
to distinguish them. It would be more natural to
draw convexity with lighter lines. DeCarlo et.al in [6]
and, independently, Lee et al. [7] proposed
algorithms to draw both dark and white lines against
non-white background (Figure 11 and Figure 7).

The serious limitation of the suggestive contours is

an inability to convey concave parts of the model.
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38 5 ME-Z& ZEI JES H|R [/]
Fig. 5. Comparison of curvature and view-dependent
curvature [71.

a3 6. Hiojsl 2HoAMe] stolzlo|E ME (3]
Fig. 6. Highlight lines on David mode! [3]

oC  contour

05C  suggestive contour
08H  suggestive 1
OPH  prncipa

(+=ridge -=valley)

front-facing  back-facing
— y——

% 7. FOE AY e of 2 gelfjo ME [3]
Fig. 7. Different types of lines given the viewing direction
vlfor clarity this figure uses orthographic projection)3]

Highlight lines introduced in [3] -effectively
improve suggestive contours and eliminate the
limitation. Highlight lines are described by two
types of lines: suggestive contours and principal

highlights (Figure 8). Suggestive highlights appear at
view-dependent inflection points, and can be seen as
opposite of suggestive contours introduced in [2].
Principal highlights appear when the surface is
viewed along a principal curvature direction.

lll. Image Space Based Methods

Most of the papers written on linear feature
extraction are based on object-space processing. We
suppose that most of research underestimate
capabilities of image-space based processing
Methods, described below, showed that such
methods can yield comparable results and,
moreover, can be processed using graphics
processing unit (GPU) more efficiently then
object-based approaches, since they can greatly
utilize modern GPU features.

3.1 G-Buffers

In 1990 Saito and Takahashi [8] introduced
method for comprehensible rendering of 3-D models
using image processing algorithms. The main
contribution of the paper is an idea of extracting
geometry information of a 3-D model to special
textures, called Geometric Buffers (G-Buffers). When
every required data from a 3-D model is stored in
these G-Buffers all further processing (edge
enhancement, pattern recognition etc) is made on
these G-Buffers. More over we can apply different
image processing algorithms to process geometrical
information of the scene. For example, in [8] edge
enhancement was made by finding first and second
order differentials from a depth image (Figure 10).
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Fig. 8. Depth image (ieft) and resulting edge image (right)
8l

G-Buffer is not just a projection of the model into
the view plane, as can be seen at first sight. We can
pack into G-Buffers such data like world position,
normal vectors, depth information, texture
coordinate, etc. This ability generalizes G-Buffers to
solve different kind of problems in computer
graphics.

G-Buffers application is very popular in modern
computer graphics. Computation of lighting that
uses G-Buffers is called deferred shading, and widely
used in modern computer games. Classic example is
ST.ALKER created by G5C Game World [9] and
Tabula Rasa by NCSoft [10]. Botsch et al. showed
successful application of deferred shading in
point-based rendering [11].

3.2 Abstract Shading

While highlight contours is just an improvement
over suggestive contours to catch convex parts of the
model, [7] introduces employment of GPU for
feature line extraction. Usage of GPU is not very
popular in the field of feature line extraction, but [7]
showed that GPU can be effectively used for this
task.

Lee et al. [7] were motivated by an observation
that a line drawing can be understood as an

abstraction of the shaded image. This makes sense: if
some wants to convey shape effectively, but can only
afford to draw a sparse set of lines, a good strategy
might be to choose lines that convey the essential
feature of the shading,

Tone Image Toon Shadieg

3% g #lojdg st alel =28 [9
Fig. 9. Line drawing via abstract shading [9]

They proposed following candidates for “essential
features” are boundaries between dark and light
regions, and thin areas of shading that are well
approximated by lines. These lines can also be
defined as ridges and valleys of illumination image.

Proposed algorithm consists of two steps or
shading passes [12]: in the first pass, render a
grayscale tone image describing how the scene is
illuminated, blur it and save to texture memory; in
the second pass, fragment shader on the GPU is used
to render dark lines in thin areas of dark tone. White
lines are produced by processing a specular
component [13] of the lighting,

IV. Conclusion

Extracted linear features can give us a lot of
information about the shape of the model. Ridge and
valley lines [1] are view-independent lines that can
be successfully used for shape reconstruction.
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Because of view-independent nature, these lines look
too blocky, and cannot be applied for artistic lines
extraction.

In contrast to ridge and valley lines, suggestive
contours [5] and apparent ridges [3] depend on the
view position and were introduced to provide artistic
feel of extracted lines. Apparent ridge extend
contours along edges of the object, while suggestive
contours extends onto the face of the object [3].

Because suggestive contours appear on inflection
of model's convex and concave parts, they have
problems when conveying model that does not
contain concavity. Highlight lines [6] (suggestive
highlights and principal highlights) successfully
eliminate this problem and provide new types of
features: suggestive highlights and principal
highlights.

White lines that represent convexity combined
with black features can give more information about
the geometry of a shape [6, 7]. Methods based on
GPU processing can successfully solve problems of
feature extraction [7].

It is possible to apply image-space algorithms to
process 3D models information, stored in G-Buffers
[8]. G-Buffers can be efficiently processed on modern
GPU technique and therefore they have wide

application in modern computer graphics.
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