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ABSTRACT

This paper presents new approach in the edge detection of 3D images (for non-
photorealistic rendering). This new approach uses curvature estimations with lighting
effect on triangle mesh as a new factor in edge detection process. New algorithm to
detect edges on 3D curved surface with results is presented. In the proposed technique,
the curved surface is generated by using Bezier curves and those generated curves are
connected together using a special fashion to generate triangle mesh. Depending on
those generated curves, the direction of surface becomes defined. The curvature is then
calculated at defined points on each curve. The estimated curvature and lighting effect
determine if there is edge can be detected or not. The size of the step of jumping
between two defined areas determines the accuracy of detecting edge. The algorithm is
tested on curved-surface which on it the edges are hardly to detect.
Keywords: Triangle Mesh, Curvature, Edge detection.
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INTRODUCTION

ith the development of 3D scanning technologies and modeling tools, raw
Wmeshes can be composed of thousands to millions of polygons. Real-time

rendering of such a large amount of data is always a challenge. Some
researches [1] are directed to propose mesh simplification algorithms to decrease the
complexity of modds while maintaining similarity with the original modds. This helps
many other algorithms such as edge detection algorithms to decrease time which is
spent in processing (detection process). Other researches are directed to propose a new
detectors or edge detection algorithm with many tradeoffs such as time, and accuracy
of the proposed technique to define and detect edges.

Recently many research deal with the Norma computations in edge detection
algorithms for 3D Rendered images asin[2, 3].

By experience, calculations of Normals consume more time than any other factors;
Normals contain the Cross-product in their computations. Detecting edges using
Normals have been proposed by most researches.

There are few researches rdated to image rendering in non-photorealistic rendering
field, edge detection process is very important to the rendering especialy in the
smoothing and fairing techniques that may be applied to 3D object's surface. Many
researches deal with the problem of edge detection based on triangle mesh that can be
constructed for creation of object. Almost of these researches depend on normal
calculations or curvature estimations as condition to detect edges.

Normals can be described the surface nature (geometrical properties) according to
the lighting fall on it, the use of Normals became very common in edge detection.
After applying the main condition (which is based on Normals) by it the edge can be
detected, the most time which is spent to detect edges was used in Normal calculations
and this time increases when mesh becomes dense. This important reason was the first
step to think about new approach in edge detection by using tangent line as new 3D
edge detector.

In this paper, new approach for detecting edge without using Normal vectors is
proposed, tested and applied on a surface which includes many significant properties.

THE SUGGESTED ALGORITHM

Firstly, the surface is generated from Bezier curve function; this  function is used
to create triangle mesh by which the surface is constructed. The groups of curves must
be generated, after that those curves must be connected to gether by choosing set of
points with equal distance between each other and connect the point 0 of curvel with
point 1 of curve 2 (i.e. in zigzag fashion) asinfigure (2.a).
Step 1: Choose point PO which belongs to the surface.
Step 2: Add small value to the p value, such that the added value is not exceeding the
defined rate: the x and y values respectively of light co ordinate * 0.1 (by experience).
Step 3: Use function of curve (which is used in creation of surface) and PO which is
defined above for calculating the curvature KO at point pO by finding:
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The second derivatives of the curve function at the sdected point p (x,y) in term of x.
or interm of y by using the defined functions 1 and 2 previously.

Step 4: repeat the step 1 to calculate the curvature K1 in term of pl, this new point can
be chosen randomly but with a close distance to the previous point and must be not far
away fromiit.

Step 5: Find the difference between the two calculated curvatures kO, k1, and compare
with predefined threshold.

If dif>threshold then there is an edge its direction represents the direction of the
tangent line.

Step 6: GOTO stepl to choose another points and start again to detect new edge if it
existed.

Step 7: End.

DEFINITION OF EDGE

Edge is defined as significant local change of intensity in an image. Typically it
occurs on the boundary between two different regions in an image.

There are significant reasons for the changing in intensity; these reasons can be
divided into two types: geometric events and non-geometric events.

Geometric events are represented by either object boundary or surface boundary.
Discontinuity in depth and/or surface color and texture is related to object boundary,
whereas discontinuity in surface orientation and/or surface color and texture is related
to surface boundary. For non-geometric events, the change of specularity or shadows-
from other objects or from the same object- or inter-reflections (reflectance), or
illumination boundaries, al of these reasons are considered non-geometric events [4].
Themost common methods to find these changes are:
1-Highlight maxima and minima in the first derivative of animage.
2-Finding zero crossing in the second derivative.

The basic edge detection operator is a matrix area gradient operation that determines
the level of variance between different pixels. The edge detection operator is calculated
by forming a matrix centered on a pixel chosen as the center of the matrix area. If the
value of this matrix area is above a given threshold, then the middle pixd is classified
as an edge.

In computer vision, edge detection is traditionally implemented by convolving the
signal with some form of linear filter, usually a filter that approximates a first or
second derivative operator.

EDGE CLASSIFICATION IN 3D IMAGES
Typically, edges in 3D image are different from edges of 2D image but each of
which meet at the same point. Theoretically, the two types are the same, but in 2D the
edge appearance depends on intensity change of light, and in 3D the edge appearance
depends on the reason by which the intensity is changed. This reason is discontinuity
in depth, i.e. geometrical reason. The recent algorithms of edge detection in 3D image
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use this concept in detection process. 3D objects can be obtained by new topic in
computer graphics is called non-photorealistic rendering (NPR). The edge can be
classified into three types as follows [5, 6, and 7]:

Assume that 3D scene objects are represented by polygonal meshes:
(a) A silhouette edge is an edge adjacent to a polygon facing toward the camera (front-
facing) and one polygon facing in the opposite direction (back facing). The silhouettes
on curved surfaces vary smoothly with change in viewpoint
(b)A border edge is an edge to exactly one polygon.
(c) A crease edge is an edge between front-facing (or back- facing respectively)
polygons whose

Directional angle is above some threshold. Angle called dihedral angle defines the
intensity of

Crease edge, i.e. They correspond to edges shared by two front-facing polygons,
whaose normal

Vectors make an angle q within the limits (min,max) specified by the user; we
assumethat 0 <= min<= g<= max<= 180.

Edge detection of 3d image has important application to surface segmentation and
adaptive surface smoothing asin [8].

CURVATURE DEFINITION

The curvature K of a curve y=f(x) at any point p on it is defined to be the rate of
change of the direction of the curve at p, that is, of the angle of inclination t of the
tangent line at p, with respect to the arc length s. (see fig 1) intuitively, the curvature
tdlls us how fast the tangent line is turning. Thus, the curvature is large when the curve
bends sharply [9, 10].
Asformulas for the curvature, we get:

d%y
_at_ lim At _ 2
K=—= As o0 35 —(1+(Z—D2)3|2 ....... (1

_2%y
K=—2 % __ )

(@)

K is sometimes defined so as to be positive. If this is assumed, then the sign of k
should beignored in what follows.

MESH GENERATION (SURFACE CONSTRUCTING)
There are many methods are used in mesh generation. In this paper the triangle mesh

is generated in a special manner by using Bezier curve function. The first curve is
generated by using Bezier function:
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Theformula for a degree three Bezier curveis[11]:
Q(u)=BO(u)p0+B1(u)pl+B2(u)p2+B3(wWp3 ... (3)

Where the four functions Bt(u) called blending functions, are scalar-valued. The
blending functions Bt(u) are clearly degree polynomials. Indeed, when their definitions
are expanded they are equal to;

BO(uw=(1-u)3, B2(u)=3u2(1-v) ... 4
B1(w=3u(1l-u)2, B3(wy=u ... )

These defined points of appearance rate control the shape of generated curve. One
curve is generated for each part of surface. And all of those curves represent the whole
surface in 3d space.

Firstly, the surface is generated from Bezier curve function; this function is used to
create triangle mesh by which the surface is constructed. The groups of curves must be
generated, after that those curves must be connected together by choosing set of points
with equal distance between each other and connect the point O of curvel with point 1
of curve 2 (i.e. in zigzag fashion) asinfigure 2 .

CURVATURE ESTIMATION WITH LIGHTING EFFECT ON A TRIANGLE
MESH AS 3D EDGE DETECTOR

To detect edge of 3D abject, suggested edge detector is presented. In this paper the
curvature estimation is used with lighting effect on triangle mesh (curved surface) to
detect edge. Its effect in detecting edge is evident on a triangle mesh. The curvature
estimation has an important property in determining orientation of surface and speed of
curved surface. Curvature calculations have strong reationship with normal plane. As
result the curvature has a strong reationship with the lighting factor on the surface
(Normal line is perpendicular on tangent plane and tangent line is perpendicular on
normal plane).

To detect edge on triangle mesh , the lighting factor (lighting direction value is
added to the estimate value of curvature by adding small threshold to the x, and y co
ordinates of the sdlected point p, then the curvature in defined points on the surface
(triangle mesh) must be calculated. Increasing in curvature lead to make a large
difference between those calculated angles as a result this leads to detect edge. The
comparison is done by using difference of those angles via calculate the curvature of a
defined part of surface (defined part of surface represents one or more generated curve)
above defined threshold.

The jumping step from one point p=(x,y) to another determines the accuracy of
calculating curvature and as a result detecting the edge. Where the step size from point
to another at the same curve (from area to area) is very important. If the jJumping step
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is large as result the edge detection routine may exceed the area in which the edges
may be existed (decreasing in accuracy, decreasing in processing time), whereas if the
step size is small as a result many edges may be detected in neighbors areas i.e. no
edge can be existed and is not detected (as a result increasing in processing time) or the
result may be negative i.e. the changing in curvature may be not clear in very small
neighbored areas, as aresult no edge can be detected.

In the suggested agorithm, Bezier curve function is used to define the parts of
surface.

The suggested algorithm works independently of mesh type which is used to generate
surface. To make the algorithm do work generally; the surface must be created by
using matrix of closed vertices and this matrix is generated by one function of curve
with small shifting in x values in order to create surface as group of closed curves, each
curve represents set of vertices and the whole group of sets represent the surface. Then
the surface is constructed by connect each curve with it neighbor. As result the related
mesh to that surface can be seen as triangle mesh or even rectangular mesh. The
proposed algorithm can detect two types of edge: border and crease edges that reflect
important surface information in 3D data .

IMPLEMENTATION AND APPLICATION

In this section, we describe the implementation of our algorithm and highlight some
applications of our edge detection algorithm. Fig.2 illustrates those applications.

The proposed technique is implemented in Visual C++ with graphical interface
OpenGL for rendering 3D scene (for non-photorealistic rendering). OpenGL (GL for
Graphic Library) is a software interface to graphics hardware. This interface consists of
about 120 substantially different functions that allow graphics programmer to specify
the objects and operations needed to produce interactive three-dimensional applications
[12, 13, and 14].

To make Visual C++ works correctly with graphical interface, OpenGL/GLUT must
be set up on windows firstly by downloading GLUT [10]. GLUT is (OpenGL Utilities
Toalkit) which contains functions to create and manage windows.

Four different applications areillustrated in figure.(2) in the appendix A.

CONCLUSIONS AND FUTURE WORK
In this paper, 3-D edge detector is proposed; it can detect two important types of
edges: creases and borders. The algorithm is implemented in VC++ with OpenGL
(Graphical interface to render 3D object). The proposed algorithm works
independently of type of mesh which is used in the creation of surface, where the
curvature and light directions are used in this algorithm (geometry of surfaces).

By the proposed technique the edges can be detected even in the dark area because
the proposed technique uses the factor of the changing in depth of surface — the
changing in the depth causes the difference in the intensity of light from an area to an
area on the surface (i.e. edge creation)-. As future work, the tangent line can be
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investigated in detecting of silhouette by using specific criteria. Border edge can be
detected by process which is recently called relief edge, and this could lead to what is
called image understanding (feature extraction and find its relationship with lighting
factor and other important factors), where the proposed algorithm of the new edge
detector detects the border edge but in a few areas of surface, it needs to be completed
by defining the direction of detected edges by the proposed algorithm.
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APPENDIX A

Figure (1)

B F oo gt Hamd Side Object. Mesh O Ofjoct Detacted Edpes OF Hew Blgn Wndes Lighting Effecs

Figure (2 @)
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From Right Hand Side:Object, Mesh Of Object Detected Edges Of New Algo.Under Lighting Effect

Figure (2b)
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From Right Hand Side:Object, Mesh Of Object.Detected Edges Of Mew Algo.Under Lighting Effect

Figure (2C)

Figure. (2): three different applications of 3D curved surfaces with the same
threshold values. (a) 3D curved surface with light position [5.0, 1.9, 1.0, and 10.0].
Border and crease edges are detected by the new algorithm. (b) and (c) Another
3D curved surface which is created by using the same function of the surfacein
(a) but with different variables had been given to x, y, and z. borders and creases
edges are seen clearly. Detected borders and creases are seen clearly.
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