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A Study on Crest Line Detection Techniques from 3D models

Soo-Kyun Kim’, Seok-Hun Kim"~

ABSTRACT

With evolution of computer graphics, especially non-photorealistic rendering (NPR), detecting of feature from polygonal
mesh became a very popular technique. Crest lines are some data detected from a polygonal mesh that contains a lot of
information about the geometry of the mesh. Here we are interested in linear features, set of lines, that can best convey
model’s shape. The purpose of this paper is to overview the most popular types of features and methods to extract them

from a 3D model represented by polygonal mesh data.
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| . Introduction

In this section is aimed to define problem of crest
line detection more clearly. The goal of works that
will be presented in this paper is to extract linear
features from an arbitrary 3D model, represented by
triangle mesh data. Linear features or crest lines are
curves on surfaces carrying - in a few strokes -
visually most prominent characteristics [1]. That is
having these feature lines we can convey much
information about shape’s geometry (Figure 1). Some
works are aimed to convey all geometric information
about the 3D model [2].

03 1, HoHE 22 (T2 2]X|eF (B2 2IX| ME [
Figure 1. David model. {bluel ridges and (red) vallay lines [3]

In this paper we can show existing methods in
object-space approaches. we will concentrate on
method descriptions, and we will provide with
comparison of the methods.

Next section will provide with data representation
description. Later we provide description of 5
methods, This method is based on object space
approach.

I1. Data Representation

This paper considers only crests detection from
polygonal mesh data, to be more precise, triangle
mesh data. In 3D computer graphics any object is
approximated with a set of connected triangles.
Triangle has three points, which is a minimal
requirement for an arbitrary plane presentation, and
graphics hardware is specialized to process triangle
data. These facts make triangle good choice for

surface approximation (Figure 2).
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Figure 2. 3D model of Ippdlita Sforza bust by Francesco
Laurana scanned by Visual Computing Lab of the ISTI - ONR

Another 3D

representation is a point cloud. Usually scanned 3d

popular approach wused for

models are stored as the point set. In fact, 3D points
the and fundamental

geometry-defining entities [4]. But due to complexity

are most  simple
of processing and visualization they are rarely used
in interactive computer graphics applications, such

as 3D games and computer animations.
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lll. Object Space Approach

In this section we present methods that process
discrete 3D polygonal mesh data. Since mesh data
has only C° continuity, it is impossible to directly
estimate curvature. For this purpose standard
technique introduced in[5] is used.

Lines along ridges and valleys are formed by local
extrema of surface curvature along one of the
principal curvature directions [3, 6, 7, 8] and might
be considered a generalization of sharp creases to

smooth surfaces.

3.1 Notation

In order to understand the process of feature
extraction, we provide some differential geometry
background in this section. Let S be a sufficiently

smooth surface and ¢& .5 be a point on that surface.

a8 3. 3Me 2E A

Figure 3. Curvature of a curve [5]

Normal : Normal vector n at q is a unit vector that
is perpendicular to the surface. Also normal vector is
a first-order differential quantity of the surface.

Curvature : The second-order differential quantity
of the surface is a curvature. Intuitively, curvature is
an amount how much surface is bend, or how the
normal changes from point to point on a surface. For
a curve, curvature is a reciprocal of radius of circle

that best approximates it locally (Figure 3).

Normal curvature : Normal curvature is a
curvature of a curve obtained by intersecting the
surface with the plane that contains q and the surface
normal vector n at point q. For a smooth surface,
normal curvature varies with the direction, and

ranges between the principal curvatures ki(p) and

ka(p).

3.2 Iso-Surface Approach

This paper proposed a general purpose tool
designed to detect characteristic lines from 3D image
data. Marching Lines is inspired from the Marching
Cubes Technique which is used to extract iso-
surfaces out of 3D images (Figure 4).

J% 4 £58 01y HE 7]
Figure 4. Extracted Marching Lines [7]

The Marching Lines extracts with sub-pixel
accuracy the 3D lines corresponding to the
intersection of two iso-surfaces coming from two

different 3D images.

3.3 Multi-Scale Approach
This approach presented a line-type features on
point-sampled geometry(Figure 3).

They controlled input data  such as an
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unstructured point set, this method first applies
analysis on  local
neighborhoods to classify points according to the
likelihood that they belong to a feature. Using

semi-automatic thresholding, feature lines are

principal ~ component

computed a minimum spanning graph as an initial

approximation.

a8 5 38 24 g
Figure 5. Dinosaur model [8]

But this method required the user to specify a few

thresholding parameters.

3.4 Finite-Differences Approach

Rusinkiewicz et al. [5] used finite-differences
approach for estimating curvature (Figure 6). The
computation can be considered as extension of
common method for estimating per-vertex normals -
compute curvature tensor for each face of mesh and
Average face curvature tensors at touching vertices.

This algorithm presented efficient in time and
space, robust method for estimating curvature on
triangle meshes. Also the method shows better
results than existing techniques, even with irregular

tessellation and noises.

2% 6. 5] o888 ETEEC HAo|HE
ZeoMe HiE SEEQ A S
Figurs B. Color-coded visualization of computed
curvatures on irregularly-tessellated models using [5]

3.5 Implicit Surface Fitting Approach

Ohtake et al. [3] proposed a simple and effective
method for detecting view- and scale-independent
ridge-valley lines defined via first- and second-order
curvature derivatives on shape approximated by
dense triangle meshes (Figure 7). In this paper, ridge
and valley lines or surface creases defined via
extrema of the principal curvatures along their
corresponding principal directions. This motivation
is based upon the following analogy with edges of
grey-scale images in image processing,

Since triangle mesh is discrete, not implicit, data it
is impossible to estimate curvature derivative
directly from the mesh. The input triangle mesh data
is first approximated by implicit surface, then mesh
vertices is projected on the surface. The curvature
tensor and curvature derivatives at a mesh vertex are
estimated by those at the corresponding surface
point.

In this work, compactly supported radial basis
function [9] was emploved for the surface
approximation. Specifically, a slight modification of

the fast and easy to implement method developed in
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[2], which can be used either for approximation or

interpolation.

8l 7, gfA Z3
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Figure 7. Ridge (blue) and valley {red) lines from
Maxplanck model [3].

3.6 Fast Computation Approach

Yoshizawa et al. [10] presented a fast method for
detecting salient curvature extrema on surfaces
approximated by dense triangle meshes (Figure 8).

This method compute the extremalities and the
principal curvature directions at each vertex of the
mesh in [10] a local cubic polynomial least square
fitting combined with a simple mesh smoothing

technique is used.

Figure 8. Feline model with feature lines (left) and
consisting of feature lines and a contour ling only {right}

IV. Conclusion

We describe 5 different crest detection algorithms.
First method presents a technique for computation of
normal, curvature and normal curvature. Iso-surface
method extracted crest lines from medical data.
Third technique proposed to detect crest lines from
point clouds. Others presented extracted feature
lines from polygonal meshes using curvature and
their derivatives.

Detected linear features can give us a lot of
information about the shape of the model. This crest
features are view-independent lines that can be
successfully used for shape reconstruction. Because
of view-independent nature, these lines look too
blocky, and cannot be applied for artistic lines

extraction.
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