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Abstract

The marching cube octree data structure is proposed as a scheme

for representing and generating the mesh of various level-of-details

(LODs). We suggest a solution to a problem of modelling partially

complex objects, too. The marching cube octree is based on

the data structure of the Marching Cube algorithm [1] and the

octree structure. The LOD meshes are generated at run-time using

proposed efficient algorithm. It triangulates only needed nodes of

the marching cube octree to cover up the whole surface of mesh.

Using priority numbers on nodes and flagging, the LOD mesh can

be generated by only referencing without floating point operations

which the other LOD models need.

Key Words

Virtual reality, mesh, surface representation, level-of-detail mod-

elling, multi-resolution modelling

1. Introduction

In 3D graphic systems, the system performance is changed
continuously because the number of objects or the com-
plexity of the background scene is changed. If we can
control the level-of-details (LoDs) of the object, we can
construct an effective computer graphics system. LOD
modelling consists of the representation of the mesh and
the algorithm to generate a certain LOD. This paper pro-
poses a new data structure called marching cube octree,
which is based on the data structure of a Marching Cube
algorithm used to generate mesh from range data. We used
this data structure to make the new LOD model. Using
the sampling paradigm, our algorithm turned out to be
faster than previous methods.
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1.1 Related Work

There is well organized book “Level of detail for 3D graph-
ics” [2]. According to the survey paper [3], there are three
main categories of researches on LOD modelling by ge-
ometric criteria: adaptive subdivision, geometry removal
and sampling.

An adaptive subdivision and analysis method that ap-
plies wavelet-based multi-resolution analysis to an arbi-
trary topology surface was proposed [4, 5]. This method
can perform smooth parameterization at any LOD and can
be applied to adaptive simplification, compression, pro-
gressive transmission and editing [6–8]. But this method
renders the making of the base mesh expensive and slow.
To overcome these drawbacks, a new algorithm, MAPS,
was proposed [9]. The MAPS algorithm uses hierarchical
simplification, defined by vertex removal, flattening and re-
triangulation, to induce a parameterization of the original
mesh over a base mesh.

In the geometry removal category, an algorithm called
“progressive mesh” was proposed that makes the new mesh
by defining the edge collapse and the vertex split operation
and applying these to the detailed mesh [10]. In addition, a
new format was developed for saving and transmitting the
triangulated geometric model [11]. The Progressive mesh
method can be applied to adaptive simplification, com-
pression, progressive transmission and view dependency
rendering [12]. The model generation is relatively slow,
however, because the simplification is based on the energy
function. Triangle strips with edge collapse operator is
used for real-time LOD mesh generation in [13]. The view-
dependent meshing of part of the whole data is proposed
in [14]. The whole data is in external memory and only
part of it is loaded.

Randomly new vertices are inserted and then moved
on the mesh surface to be displaced over maximal cur-
vature areas. The old vertices are deleted and the new
retiled mesh is generated from the new vertices in [15]. An
intermediate octree representation is used for producing
simplified boundary representation of mesh [16]. An inter-
mediate hierarchical representation based on voxels with
adaptive surface fitting was proposed in [17, 18].

121



2. Marching Cube Octree Representation

2.1 Overview

The Marching cube mesh-generation algorithm for medical
images like MRI and CT was proposed [1]. To generate
triangles, we use the sign and the ratio converted from the
signed distance [19] of the cube’s vertices. We can generate
triangles naturally using a low resolution by choosing the
proportional point instead of the midpoint for the vertex
of the triangles. The isosurface generation using marching
cubes and octree traversal was proposed [20]. This paper
describes efficient creation of octree-based representation.
But we applied modified marching cube configuration to
octree structure, thus can construct hierarchies and imple-
ment LOD.

We define a marching cube in this paper as the set of
signs and colors for each of the 8 vertices, and of ratios for
the 12 edges. A marching cube octree is defined as a spatial
octree whose nodes are marching cubes. As the dimension
of the root node is known, we can determine the relative
position and the size of any node in the octree. A null node
is defined for all edges of the corresponding marching cube
that do not intersect with the surface. The null node has
no child nodes. Finally, the nodes of the marching cube
octree correspond only to the region of the surface.

2.2 Creation of the Marching Cube Octree

The marching cube octree is created from the marching
cubes of the Marching cube algorithm. The creation
algorithm consists of two operations: parent node creation
and marching cube conversion. The spatial octree is
created using a bottom-up approach. We make the parent
node from adjacent nodes and then convert it into the
marching cube (Fig. 1).

A parent node can be made into the marching cube
by referencing its child nodes. The decision on the sign
of the vertex is classified into four cases (Fig. 2): if a
corresponding (A) or adjacent (B) or diagonal (C) or center
(D) vertex exists in the child node, the sign is the same as
that vertex.

In case (B), several adjacent vertices can exist in the
child nodes, but their signs will all be the same. The color
value is copied in the same manner. The ratio is calculated
easily by extending the vertex that has the triangle’s vertex
in it (Fig. 2). The intermediate data structure of our
algorithm is shown in Fig. 3.

2.3 Node Priority Numbering

To detail the LOD of the model, we assign a priority num-
ber to all the nodes. The priority numbering determines
which node expands first in the same level. We use the
area difference as the LOD metric. The area difference is
defined as the difference between the area of the triangles
generated from one node and the area of the triangles gen-
erated from the child nodes. The higher the area difference
is, the more detailed is the description of the local feature
and the higher the priority is. To describe the 3D object

Figure 1. Creation of the parent node.

Figure 2. Conversion of the marching cube.

with fewer triangles, the higher-priority node expands first
in the same level.

This algorithm starts from the root node. The ex-
panded nodes are marked as “marked”. When the level
differences of some node and all surrounding nodes are less
than 2, that node can be expanded. The node that has
the biggest area difference in the expandable nodes set is
inserted in the LOD array. Then this node is marked as
“marked”. This algorithm can be implemented effectively
using priority queue (sorted list). To generate the LOD
mesh rapidly, we save this priority number in a referencing
array, the LOD array (Fig. 4).

3. Direct Generation of Level-of-Detail Mesh

In the LOD array, there is a triangulated node sequence
of all nodes in the marching cube octree. When the next
node is triangulated, the number of triangles in the mesh
is increased by d (0≤ d≤ 4). The pseudo code is written
as follows:

For all node n (n’s priority number is i, i− 1, . . . , 2, 1)
If all n’s child nodes are ‘expanded’,

exit loop;
Otherwise,

triangulate n’s child nodes except ‘expanded’
mark n as ‘expanded’

end of loop;

The final data structure of our algorithm shows as
followed (Fig. 5).
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Figure 3. Marching cube octree.

Figure 4. Marching cube octree with LOD array.

Figure 5. Direct generation of the LOD mesh.

4. Results

We use the “ball joint bone” and the “Venus statue” meshes
as experimental data downloaded from CyberwareTM

homepage. The results are showed by 40% of LOD. The
meshes of the left side are wire frames and of the right side,
rendered meshes in Fig. 6. The numbers of triangles and
vertices are shown in Table 1.
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Figure 6. Examples of ball joint and Venus (data set from of Cyberware
TM

(http://www.cyberware.com/)).

Table 1
Numbers of Triangles, Vertices in Examples of

Ball Joint and Venus

LOD (%) Ball Joint Venus

Triangles Vertices Triangles Vertices

100 18,159 9,106 28,560 14,335

60 11,565 7,422 18,216 11,102

20 4,212 3,077 6,838 4,961

These results show that the marching cube octree
model is feasible for a LOD representation. In flat area,
the number of polygons is fewer. And in the area having
curvatures, the number is more relatively. The upper right
part (ball part) of the ball joint bone and the head side of
the Venus statue are coarse in low LOD. But the neck-like
part of the ball joint bone and the eye, nose and mouth
part of the Venus statue are detailed.

LOD metric – the difference between the sum of a
node’s triangles area and the sum of its all child node’s
triangles area – data are used for the priority numbering.
The graph in (Fig. 7) is LOD metric data of “ball joint
bone” mesh after the priority numbering. The left graph
is the case of previous level-based algorithm [21] and the
right graph is of improved. The left graph shows level
discontinuity. They mean our method is beyond level
constraint and more continuous model. The accumulation
graph is shown in Fig. 8. This shows the improved

algorithm is more robust about level discontinuity. But
the quality of LOD modelling is the problem of a human
perception. So the results are not judged easily. The
“visual fidelity” is another key issue of the LOD modelling.

5. Discussion

5.1 Modelling Time

Adaptive subdivision methods start from base mesh which
is the simplest. When one triangle is divided and new
vertices are moved, it calculates the moving points through
whole initial mesh. So its complexity is O(n2). The
overhead of crack patching is through all vertices. So
an overall complexity is not changed. Geometry removal
method reference all edges whenever it picks the edge
to be collapsed. Geometry removal method use energy
function optimization over whole vertices in this step, so
its time complexity is O(n2). The edge collapse operator
is a reverse of the vertex split, thus one vertex is added
to one operation. The proposed algorithm references each
range datum just once and calculates the configuration of
octree. The crack patching is local calculation through
whole node. In the node priority step, the priority queue
is always sorted. The insertion to the priority queue is the
same problem as “insert one entity to sorted list.” The
complexity of the insertion isO(log n). Then this operation
is proceeded over whole nodes. Thus, our algorithm’s time
complexity is O(n log n). But the unit of the operation is
not a vertex, a node which contains several vertices. So the
time taken is slightly lesser than a vertex-based operation.
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Figure 7. LOD metric graph.

Figure 8. LOD metric graph (accumulation).

5.2 Mesh Generation Time

In online mesh generation phase, adaptive subdivision
methods start from base mesh. To reach a certain LOD it
divides triangles and moves the new vertices serially. Its
time complexity is O(n) but each dividing and moving step
needs floating point operation. Geometry removal method
uses edge collapse or vertex split operation serially, too.
Thus, its complexity is also O(n) and these operations
need floating point operation, too. Our model references
only needed nodes to cover the whole surface of the mesh,
so its complexity is O(n). But there’s no floating point
calculation because we need only referencing operations to
generate triangles. For all three models, the traversal time
is regardless compared to a triangulation. All models need
to follow the links or pointers.

6. Conclusion

In this paper, the improved method of LOD modelling us-
ing the marching cube octree was proposed. We create the
representation easily and efficiently by using the marching
cube features. We can take advantage of the octree repre-
sentation in a 3D graphics system. Our LOD model can
support adaptive simplification, progressive transmission,

view dependency rendering and collision detection. By
using the marching cubes, our LOD mesh generation algo-
rithm becomes efficient without floating point operations.

The LOD meshes are generated at run-time using
proposed efficient algorithm. It triangulates only needed
nodes of the marching cube octree to cover up the whole
surface of mesh. Using the priority numbers on nodes
and flagging, the LOD mesh can be generated by only
referencing without floating point operations which the
other LOD models need.

The contributions of this paper are as follows: sup-
porting a continuous LOD, modifying the marching cube
octree (vertex ratio on edge of marching cube) and priority
numbering the nodes with an algorithm that can simplify
flat area more. An efficient LOD mesh generation refers
only needed nodes without floating point operations. The
proposed model can perform collision detection efficiently
in the complexity of O(log n).

7. Future Work

In the proposed model, the marching cube is divided into
halves in the next level. If we control the size of the next
level’s cube and formulate it, we can construct a more
detailed continuous LOD model. In that case, the fastness
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and simplicity of the modelling may be lost. And the
advantage of sampling simplification is no longer available.
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