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Extracting 2D Projection Contour from 3D Model Using Ring-Relationship-Based Method
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Abstract: In this study, we propose a novel method to extract 2D projection contour from 3D models. 2D
projection contour is a significant feature and data of a 3D shape. Tt can be used in the fields of 3D model
retrieval, analysis of shape, free distortion and joint of curved surface. Triangular mesh 13 generally adopted
as the data representation form of 3D models. Therefore, as a case study, we consider 2D projection contour
extraction from triangular mesh of 3D models. In our approach, we perform a discriminant of the visualization
to every 3D model curved surface and get the boundary vertexes of them, extract contowr vertexes after
projection, construct rings and perform a ring-relationship-based judge mechamsm to get the 2D projection
contour. Qur method is unique in that we can extract contours from both single-valued and arbitrary complex
space curved surface by ring-relationship-based strategy. Theoretical analysis and experimental results show
that we can significantly improve the accuracy and efficiency in contour extraction by using ring-relationship-

based method.
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INTRODUCTION

Surface mesh data 1s a discrete data type which 1s
produced by numerical value sampling on mesh vertexes
of 3D model. The mesh data distributed on the surfaces of
model are composed of numencal data and geometric data
(Zhang et al., 2003). The geometric data determine the
shape of data distribution and data sample type, as well
as the numerical data determine the distribution
characteristics of attribute values on the curved surface
(Tan and Wang, 2000). As a very important data format,
surface mesh data is widely used in 3D model retrieval,
visualization 1n scientific computing, CAD, 3D modeling
and remodeling, finite element analysis and other fields
(Moorhead and Zhu, 1995).

3D model characteristic extraction is a noticeable
research subject (Ma and Interrante, 1997; Luebke and
Erikson, 1997). For example, when extracting 3D model
characteristics for 3D objects shape matching, we are
probably concerned with the 3D model curved surfaces
or its 2D projection outer contour, the surface mesh
data in this mstance may not contain numerical data
(Zhang et al., 2003, Funkhouser et al., 2003).

As 3D model surface mesh data are distributed on
space curved surface and sampling data present uregular
distribution in the spatial coordinates, it is nearly
impossible to use the majority of current characteristic
analysis methods of image processing field to handle this
data type (Zhang et al., 2003).

A pgeneral approach for extracting contour of 3D
polygon mesh model is to apply a judgment to each edge
while iterate over all edges of model. The judgment 1s
defined by the dot product of two vectors. One 15 the
normal vector of adjacent patch of an edge and the other
1s a vector from a point on the edge to the view pomnt. As
the formula described in (Zhang and Hoff, 1997), if and
only if (n;» (v-e) (n,» (v-e))) = 0, then the edge is a contour
line. Where, v denotes a pomnt on an edge, e is the view
point and (1 = 1,2) are the normal vectors of the two
patches sharing the edge. As contowr is viewpoint-
dependent, all edges need rejudging when the position of
the object or viewpomt 1s changed (Wu and Liu, 2001).
Though the idea is simple, the costs of both computing
time and system resource are large, because there 15 an
amount of floating pomnt multiplications and the real-time
judging for each edge of the complex 3D model is too
time consuming, particularly m the case of parallel and
perspective projection. To solve this problem, an
improved algorithm for random contour detection is
proposed, which 1s better mn real-time response. The
key idea 1s to detect visible edges which are quite
likely belonged to the contours by an interactive
way (Markosian et al., 1997). The acceleration of the
extracting process brought by the algorithm depends
on the facts that the contour line is composed of
only a small proportion of the edges and the edges
which constitute new contour are adjacent to the edges
of the former contour when the model changes position
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(Kettner and Welzl, 1997). That is to say, we only need to
detect contour by choosing a small quantity of edges
randomly, instead of iterate over all edges of a model.
The mam advantage of this method 1s that it accelerates
the speed of extraction to some extent. However, it
still unable to guarantee detecting all edges of
contour line rapidly and entirely (Wu and Liu, 2001,
Xia and Huang, 2003).

Triangular mesh curved surface is subdivision result
of the discrete sampling of surface. Triangulation is one
of the most common sampling types m practice. Therefore
triangular mesh 1s generally adopted as the data
representation form of sampling surface (Zhang et al.,
2003). When dealing with triangular mesh, there are some
techmques contour
extraction, for instance, extracting boundary vertex by
judging whether its adjacent vertexes can form a closed

for boundary detection and

curve, meanwhile, obtaining the boundary curves by
sorting the boundary vertexes (Zhang et «f, 2003).
Another approach exploits the property of local maximum
value and connectivity of contour to get part of
silhouettes and then extracts external silhouettes of 3D
models by simple comparisons (Wu and Liu, 2001). The
advantage of the approaches suggested by Wu and
Liu (2001) and Zhang et al. (2003) is high efficiency in
extracting contowr of triangular mesh. However, since
those methods are associated with strict sense of single-
valued curved surface, they are inadequate as contour
extraction approaches for general curved surface because
they are sensitive to overlapping when projecting the
curved surface onto plane (Qiu et al., 2004).

In this research we mtroduce a ring-relationship-
based method to extract 2D projection contour from 3D
object which only contains geometric data. As a case
study, we consider extraction from triangular mesh
models. We also demonstrate how tlis technique 1s
applicable to not only single-valued curved surface but
also non-single-valued curved surface. Meanwhile
theoretical analysis shows high efficiency of our
techmique.

Methodology of contour extraction: Here, the process of
extracting 2D projection contour of triangular mesh 3D
model is described.

Definition 1: A patch is visible if the angle between its
normal vector and the projection axes is less than 90°
Otherwise the patch 1s invisible.

Definition 2: A curved surface 1s visible if it 1s
constructed by connecting all the visible patches.
Otherwise, the curved surface i1s invisible.
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Definition 3: The vertex on the boundaries that are
constructed by connecting the edges between visible and
invisible surfaces is called boundary vertex. By projecting
those boundary vertexes onto projection plane, we can
get contour vertexes. 2D projection contour of 3D model
is a closed curve that is created by connecting all those
contour vertexes.

Definition 4: A vertex is adjacent to another vertex, if the
line connecting the two vertexes is an edge of a patch in

the model.
EXTRACTION OF VISIBLE CURVED SURFACE

Extraction of visible curved surface is a process of
eliminating all the invisible patches in the 3D mesh model.
We first define the following formal description: TriPatch
= {Tri,, Triy...,Tri,} is a set of triangular patches and
Normal; is normal vector corresponding to the triangular
patch Tri. The algorithm can be summarized four steps as
follows:

Step 1: Calculate normal vector Normal, of tnengular patch
Tri;.

1

Step 2: Calculate the cosine of 8,, where 0, 1s the angle
between Normal, and projection axis X. The function
specification is given as (1):

Normal,
cose, = omaliX) 1)
|| Normal, || X |

where, (Normal, X) represents the inner product of
Normal, and projection axis X.

Step 3: Detect the visible triangular patch by the
Judgment described 1 (2).

1
0

cosB, =0

visible = { 2

cosO_ <0

Step 4: Get the next triangular patch Tri,.,, then tum to
step 1, until all the elements in TriPatch are visited.

According to the method, a certain number of single-
valued visible 3D model surfaces are obtained. Note that,
this method 1s not only available for the circs of no
concave existence, but also concave existence. After
projection direction is oriented and judgment operation
has been done, the concave part of the visible surface
may be false-visible, that means it is actually covered by
other visible surfaces. The false-visible surface is handled
1in subsequent steps.
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Finding 2D projection contour vertexes: Here, we
describe how to extract 2D projection contour vertexes
after obtaiming the visible surfaces.

Firstly, we extract the boundary vertexes of every
single-valued space triangular mesh cuved surface
(Zhang et al., 2003). Secondly, we project the vertexes and
vertex-edge-patch information that 1s related to those
vertexes onto the given 2D plane. Through above steps,
we can obtain a set of contour vertexes and a new data
structure of vertex-edge-patch.

Constructing ring: After projecting triangular mesh
curved surface onto 2D plane, the sampling shows
wregular  distribution.  'With the vertex-edge-patch
mformation, we can obtamn the closed rings by joimng all
contour vertexes.

Definition 5: If along the projection edge, the projection
vertexes of the mesh surface can be conmected to
generate a closed curve, then the closed curve is called a
ring. Ring is a set of rings.

Definition 6: A vertex is multi-forked vertex if three or
more edges conmnect to it. Otherwise, it is a general
projection contour vertex.

Definition 7: If one edge connecting to a multi-forked
vertex has been visited, it 1s marked as visited. If all the
edges comnecting to a multi-forked vertex have been
visited, then the vertex 1s marked as whole-visited.

After obtaining all 2D projection contour vertexes, we
need to connect all of them to generate rings. The
notation ProBdyVer is used to denote the set of 2D
projection contour vertexes of a 3D model. The following
steps show how to connect contour vertexes:

Step 1: Tnitialization. Set all contour vertexes as not-yet-
visited and label multi-forked vertexes.

Step 2: If there are any not-yet-visited contour vertexes in
the contour vertexes set, select any one ProBdyVer, of
them and create a new ring Ring;, of which the start vertex
1s ProBdyVer,. Otherwise, perform step 4.

Step 3: Take the last element in Ring; as current vertex,
find the next 2D projection contour vertex along one edge
of the current vertex and add to the end of Ring;, then
judge as following: If the vertex is both a general
projection contour vertex and the first element in Ring;,
label it as visited and return to step 2. Otherwise, repeat
step 3. If the vertex 15 a multi-forked one and the first
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element in Ring; is a general projection contour vertex,
then label the edge connecting this vertex and current
vertex as visited and invert Ring,, repeat step 3. If both
this vertex and the first element in Ring, are multi-forked,
then label the edge connecting this vertex with current
vertex as visited and return to step 2.

Step 4: If there are any not-yet-whole-visited multi-forked
vertexes in the contour vertexes set, selected one of them,
take it as the first vertex of a new ring Ring,, find the next
multi-forked vertex along the not-yet-visited edge of this
vertex and label the edge as visited, repeat step 4 until
visited the first vertex again. Otherwise, stop.

Getting 2D projection contour by ring-relationship-based
treatment: After connecting all the contour vertexes to
closed rings we get the 2D projection contour, which 1s
an important procedure m the contour extraction
algonithm. The set of any two rings in Ring 1s described as
ComRing = {(Ring, Ring;)}.

Definition 8: Tf every vertex in Ring, is also in Ringg, then
we say Ring, is embedded in Ring;.

Definition 9: Ring, and Ring; are intersecting if one edge
of Ring, mtersects one edge of Ring;, at a point. We put
the pomt into InterVertex,., which is defned as an
intersection vertexes set of Ring, and Ring;.

Definition 10: ProBdyVer, 1s the inner-vertex of Ring,, if
ProBdyVer; 15 mside of Ring, The mmner-vertex set 1s
VertexInRing,,

The detailed algorithm of obtaining 2D projection
contour shows as:

Step 1: Tterate over Ring, judge the relationship of Ring,,
and Ring,. Delete Ring,, if it is embedded in Ring,.

Step 2: Choose any element (Ring, Ring) in set
ComRing, perform step 3 if Ring, and Ring, are
intersecting. Otherwise, repeat this step until iterate over
the whole elements m the set ComRing.

Step 3: Get the intersection vertexes set InterVertex,,,
insert all elements of InterVertex , into Ring, and Ring, in
the corresponding position.

Step 4: Delete all vertexes and their adjacent edges, if the
vertexes are both in Ring, and VertexInRing, Similarly,
delete all vertexes and their adjacent edges when the
vertexes are both in Ring, and VertexInRing,.
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Step 5: Repeat to perform the above steps until no
intersection rings exist and we can get 2D projection
contour.

According to the method described earlier, we can
extract the 2D projection contour of a triangular mesh 3D
model. Through judging the relationship of the rings and
doing relevant freatment, we can elicit that, if concave
surface exists in a 3D model, then false-vigible surface
may occur when extracting the visible surface along the
given projection direction. But there are still embedment
and intersection relationship between the ring of the
falze-vizible surface and the ring of the covering
surface. Therefore, the problem of false-vizsible surface
has been solved.

RESULTS AND DISCUSSION

In order to test the contour extraction method,
experiments were conducted to test the accuracy of this
new solution. In the procedure of obtaining closed rings
and contour, the ring-relationship-based mechanizm is
applicable to solve the overlapping problem of the
projection boundaries. Compared to other approaches in
Wu and Liu (2001) and Zhang ¢f af. (2003), our method of
extract 2D projection contour can be applied not only to
single-valued space curved surface, but also to arbitrary
complex curved surface of 3D model. Figure 1 presents the
contour extraction results for some objects. The color
pictures in the Fig. 1 are thumbnail images of 3D models,
while the others are 2D projection contours viewed from
front, top and side.

The time to determine the contour iz dominated by
the extraction of both wvisible curved surface and
projection vertexes as well as handling closed rings. In the
experiment, n and m are respectively the number of all
patches and contour lines along the fixed projection,
where (Wu and Liu, 2001). By simply theoretically
analysis, m = O JH) the maximum number of edge iz 3 n.

The computation cost of our method is O(n). Comparing
this result with those reported in Wu and Liu (2001) of
others work, it should be noted that our method
outperforms all the other methods on time complexity. We
have presented the time complexity results in Table 1.
Compared to previous contour exiraction techniques,
prezent method iz more adaptable for it iz applicable to
gingle-valued and non-gingle-valued curved surface.
Also, it iz proved to be less time consuming. The
following two reasons are infroduced to explain. The
first reason is that a wealth of points, edges and faces
are eliminated by determine the invigibility of each curved
surface. This procedure results in reducing the number
of data that need processing in the succeszional steps.
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Fig. 1:The contour detection results of snowman, plance
and ant

Table 1: Analysiz of ime compl exity
Method

(Zhang and Hoff 1997)
(W and Liu, 2001)

Time complesity

3nx1l = 33n times multiplication operations
3n=2 = 6n times division operations O(m) times
compare operations

3n times multiplication operations, less than n
times simple judgment operations

Our method

The second reason is that, after extracting boundary
vertexes of 3D model and projecting those vertexes to 2D
plane, the data managed are 2-dimensional. Whereas other
methods operate 3-dimensional data in the whole
procedure, which first detect the boundary in 3D space,
then project this boundary to 2D space and at last perform
a judgment again to get the 2D contour line.

CONCLUSIONS AND FUTURE WORK

In thiz study we have presented a new approach
based on ring relationship for the accurate, efficient and
automatic extraction of 2D projection contour of triangular
mesh 3D model. Our experiments indicate that the solution
proposed in this STUDY provides a fast and efficient
exfraction of the 2D projection contour.

Currently, this method has been applied to 3D model
retrieval system of the project of National Grand
Fundamental Research 973 Program of China. Possible
future directions involve sub-parts contour detecting, free
distortion and joint of curved surface.
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