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Abstract Ordinary triangular mesh model can be con-
structed from discrete point cloud. However, this kind of
model contains large amount of data. It is not only diffi-
cult to split, but also lacks topological relation information.
We proposed a CSG-BRep (Constructive Solid Geometry—
Boundary Representation) topological model to overcome
these problems. CSG-BRep model can record topological
relationship of 3D model in great detail. We first intro-
duced aspects of the topological model: location, orientation
and sub-shape. Then we proposed two algorithms to access
topological structure. We also proposed algorithms for per-
forming Boolean operation on CSG-BRep models. Finally,
we demonstrated CSG-BRep construction using LIDAR
point cloud as a data source. We would show that, com-
pared to ordinary triangular mesh model, CSG—BRep model
is composable and can effectively reduce data volume. In
addition, CSG-BRep model has detailed topological rela-
tion information, allowing further querying and analysis of
3D spatial topological information.
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1 Introduction

3D spatial and topological relation is critical for GIS data
model, spatial query, spatial analysis [1]. In recent years,
3D LIDAR enables fast and convenient point cloud acquisi-
tion. Current approach is to construct mesh from point cloud.
This approach is good at producing detailed 3D models for
visualization. However it has many drawbacks: the data vol-
ume is too large to lend be easily managed, the models also
lacks topological relation data [2,3]. Therefore there is a need
for a new modeling approach to accurately represent object,
integrate with mesh models while reducing data volume and
maintain spatial and topological relations. The topological
information could also facilitate 3D spatial query.

1.1 Related works

There are a lot of research on 3D topological model. For
example, Lin Li, Zhigang Zhao, Renzhong Guo have pro-
posed 3D topological construction among solid objects [4],
Their proposal was to first construct each individual objects
then establish relationships among objects. This approach
could handle topological relationship between objects. How-
ever, the relationship is limited to adjacency or nearness.
Their proposal did not provide any practical solution to rep-
resent topological relation between intersecting objects.
Zhenfeng Shao, Deren Li, Chengqi Mi proposed 3D
reconstruction through objects and images [5], their proposal
includes concepts like topological links, internal topology,
external topology. Their proposal uses connectivity and sat-
uration to describe 3D object topology and relation among
point, line and surfaces. This model can be used with stereo-
scopic images to reconstruct object. This approach could
handle complex model reconstruction. However, the model
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reconstruction was too coarse to be applicable to detailed
objects like historical buildings.

Changbin Wu, Guonian Lv analyzed state-of-art in the
field of spatial topological modeling [6],they surveyed cur-
rent research on representing and analyzing spatial topolog-
ical information. They pointed out that spatial topological
relation visualization had been the focus of GIS research
so far [7]. This shows the importance of research on spa-
tial topological representation. They have analyzed classical
data models like 9-Intersection Model [8—10], which could
only represent relation between simple shapes and could not
represent relation between arbitrarily complex objects.

Patrick Erik Bradley, Norbert Paul proposed to use G-
maps to represent spatial topological structure [11],This
method can effectively represent complex spatial objects.
The main shortcoming of G-maps, however, is their extreme
verbosity. G-maps have a tendency to becoming extremely
complex even in the case of usual 3D volume modelling. In
fact, it is too complex for practical use.

Constructive solid geometry (CSG) allows a modeler to
create a complex surface or object by using Boolean opera-
tors(Union, Intersection, and Difference) to combine simpler
objects [12]. CSG has many advantages such as simple, high
speed for modeling, no redundant information, recording in
detail parameters of solid and so on. For the simple infor-
mation of CSG, the data structure is unable to store detailed
information of the final objects, such as boundary, the vertex
information.

Simon Daum proposed boundary-based Brep [13,14]
method for analyzing topological information in BIM (Build-
ing Information Model this method has the advantage of
describing detailed building topological information at the
point, line and surface level [15]. However its largest model-
ing unit is surface instead of objects. This makes representing
topological information among many building objects diffi-
cult.

Zhuojun Bao, Hans Grabowski proposed converting BRep
into precise binary tree to handle spatial information [16].
This method is based on quadtree or octree. It can effectively
represent single spatial model’s surface, edge and vertex. It
also consume less memory than octree [17]. However, it is
still limited at representing topological information between
models.

However, these three-dimensional topology models are
still in their early stages [18-20]. There is no good way to
access topological information. There are five major prob-
lems in the above literature: (1) they assumed that the model
already exists when exploring topological relationship. (2)
They only proposed topology models, but there is no research
on how to access the topology. (3) Existing topological mod-
els could handle adjacency relationship but not intersection
relationship. (4) Models based on body and image are con-
structed by stretching. They lack finer structures and internal
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topological connection relations. (5) Most topological mod-
els have data redundancy and have incomplete topology and
geometry information fusion.

1.2 Overview and contributions

To address the above problems, this paper designed a sys-
tem for expressing and accessing the topological elements by
combining the advantage of CSG with Brep. The CSG-BRep
topology model proposed in this paper has the following
advantages:

e Significant reduction in data volume and improved ease
of model storage and management

Clear documentation of model generation process
Enabling topological connection relationship processing
Handling both regular and irregular shape

Handling topological relations between models

This paper is divided into three sections:

In Sect. 2, we proposes a CSG-BRep topology model to
describe the topological relation of 3D model.

In Sect. 3 we show algorithms for constructing CSG—
BRep model by fitting parameters on point cloud and
combine with topology model. We also use Boolean oper-
ation to construct complex CSG-BRep model and achieve
the unity of topology.

In Sect. 4, we show an example of CSG-BRep model
construction and show model querying and analysis of 3D
spatial topological information.

2 CSG-BRep topological model
2.1 CSG-BRep model topology elements

Model is composed of basic elements [21]: vertex, edge, face,
wire, shell, solid and compsolid as well as compound, show-
ing a progression relationships from simple to complex as
shown in Table 1.

We would like our model to contain topology connection
relationship [22-24]. CSG method could handle the topology
between different models. However, the smallest unit of rep-
resentation in CSG is a solid and could not represent model
internal topological relations. In this paper, we combined
CSG and BRep to build topological model. Solid boundary
is defined by face set. Each face is defined by its surface and
surface boundary. Face boundary is defined by its edge set.
An edge is defined by a set of points. As shown in Fig. 1.

In topology, edge is composed of vertex, wire is composed
of edge, face is composed of wire, shell or solid is composed
of face. A higher level topological object is progressively
constructed from a lower level topological object. Objects
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Table 1 Topology of the

elements and its significance Element Meaning
Vertex A topological element which is corresponding to the point. It has no dimension
Edge A topological element which is corresponding to the constrained curve. It is one-dimensional
Wire A set of edges (via point) and may not closed
Face A part of the plane in 2D and a part of the surface in 3D
Shell Made of faces, may or may not be closed
Solid Space confined by the shell, three-dimensional
Compsolid ~ Composed of solids connected by surfaces
Compound  An object which is composed of different type of elements

Compsolid
Compsolid

A

Vertex

Y
| Solid | |Compou.nd| | Edge ‘
A

Solid

Y

| Shell |<—| Face |<—| Wire ‘

Fig. 1 The structure of the topological model based on CSG-BRep

from different levels cannot be combined. At the same time,
different solid can be formed into compsolid. All topology
objects can form compound.

Higher level topology element contains references to
lower level elements [25]. All references are from more
complex elements to simpler topology element. Meanwhile,
simpler topology element may be shared by different, more
complex, topology element. Figure 2 shows an example
model according to the topology model proposed in this
paper.

In our topology model, only three kinds of topological
elements are directly associated with geometric objects: ver-
tex, edge, face are associated with Geo_Vertex, Geo_Edge,
Geo_Face, respectively. Further, each vertex, edge, and face
is respectively assigned a tolerance value for determining the
vertex, edge, and face that is generated within the error range.
Geometric meaning of a vertex tolerance of T is a ball with
radius T centered on the vertex. The ball must contain all
the endpoints of curve which is connected with the vertex.
Tolerance of the edge is the maximum deviation between
three-dimensional curves and any other representations. Its
geometric meaning is a tube which radius is T and contains
a three-dimensional curve as skeleton. Geometric meaning
of a face tolerance is a plate with thickness T. Under normal
circumstances, the following criteria must be met: When the
edge is located at the face, the vertex is located at the edge,

tolerance of face <=tolerance of edge <=tolerance of vertex.
As shown in Fig. 3: tolerance of geometric elements which
is associated with topological elements.

Geometric basic objects such as point, curve and surface
can be further linked to more complex geometric objects.
Then topology information and geometric information is
directly or indirectly linked together. When performing a
variety of operations, topology information can be accessed
through geometric information or vice versa.

Each topological element belongs to a shape (CSG_Shape)
object. Mid-level topological object is connected with both
parent and child topological objects. For a given object,
our model allows accessing both parent and child topo-
logical relations. Arbitrary topology object contains three
variables: topological location CSGLocation, topological
orientation CSGOrientation and a subset of the topological
shapes CSG_Subshape. As shown in Fig. 4: CSG_Subshape
records a set of connected topology objects. CSGLocation
records the rotation matrix relative to the world coordinate
system. CSGOrientation records orientation of topological
objects.

2.2 Topological location

In order to track the position of the topological elements, each
shape defines a local coordinate system CSGLocation. The
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Fig. 2 Description of the complex model
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Fig. 3 Geometry elements which is directly related to topology ele-
ments

CSG_Shape

v

CSGLocation

v

CSG_Subshape

4
CSGOrientation

A 4

List of subshape

Fig. 4 Three member variables of shape

local coordinate system can be represented by the following
two ways: Three mutually perpendicular vector which is rep-
resented by the right hand rule,A transformation relative to
the world coordinate system. CSGLocation records the rota-
tion matrix relative to the world coordinate system. Let Q be
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the matrix stored in CSGLocation, then Q must be a 3 * 4
matrix, and the following two conditions must be met:
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Matrix Q is a linear transformation matrix, it can convert a
point (X, y, z) into another point (u, v, w) by matrix multipli-
cation:

Q*(xyzl)T

ql1*x +q12%y +q13*z 4+ ql4
q21*x + q22%y + q23*z 4+ q24
931*x + ¢32*y + g33*z + ¢34

3

Q could also be a combination of basic transformation matri-
ces. Composite transformation matrix can be obtained by
combinations of these basic transformation matrices.

The location of the shape will affect its child shape. For
example, an edge do translation transformation along the
vector (X, y, z), at this time transformation matrix which is
relative to the world coordinate system of the edge stored in
CSGLocation is:
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Table 2 Four-definition of the interior according to CSGOrientation

CSGOrientation Definition of the interior

CSG_FORWARD
CSG_REVERSED

The interior is the default region

The interior is the region complementary to the
default

CSG_INTERNAL The interior includes both regions

CSG_EXTERNAL The interior includes neither region

100x
010y 4
001z

When traversing a subset of the edge, CSGLocation of
vertex is still stored in the variable matrix (4). If translational
and rotational transform transformation (along the X-axis PI
/2) are applied on edge, the same composites transformation
matrix which is relative to the world coordinate system stored
in CSGLocation of edge and its child vertex is:

100x 100 O
010y |*={00-10 (5)
001z 010 O

2.3 Topological orientation

Topological orientation (CSGOrientation) is extremely
important and is closely related to boundary!#. This paper
uses parameters notation to describe curves and surfaces
because parametric representation is simple, easy to calculate
and numerically stable. There are three kinds of shape need
to use the topological orientation: curve which is constrained
by vertex,surface which is constrained by edge,space which
is constrained by face. In each case the topological form used
as the boundary of a geometric domain of a higher dimension
defines two local regions of which one is arbitrarily consid-
ered as the default region. For a curve limited by a vertex
the default region is the set of points with parameters greater
than the vertex. That is to say it is the part of the curve after
the vertex following the natural direction along the curve.
For a surface limited by an edge the default region is on the
left of the edge following its natural direction. For a space
limited by a face the default region is found on the negative
side of the normal to the surface.

Based on this default region, the CSGOrientation allows
definition of region to be kept, which is called the inte-
rior. There are four CSGOrientation defining the interior. As
shown in Table 2.

The notion of CSGOrientation is a very general one. In
the CSG-BRep model, it can be used in any context where
regions or boundaries appear.

In topology, CSG_FORWARD and CSG_REVERSED
are most widely used. CSGorientation of shape has an
impact on its child. The vertex orientation has no direct geo-
metric meaning. If a vertex’s (CSG_Vertex) orientation is
CSG_FORWARD, it must match the small side of the curve
which is represented by parameter value. On the other hand,
if a vertex’s (CSG_Vertex) orientation is CSG_REVERSED,
it must match the large side of the curve which is rep-
resented by parameter value. If an edge’s (CSG_Edge)
orientation is CSG_FORWARD, it means the logical direc-
tion of the edge is the same as the natural direction of
parametric curves. If an edge’s (CSG_Edge) orientation is
CSG_REVERSED, it means the logical direction of the edge
is opposite of the natural direction of parametric curves. Simi-
larly, if aface’s (CSG_Face) orientationis CSG_FORWARD,
it means the direction of face is the same as the normal
direction of surface. If a face’s (CSG_Face) orientation is
CSG_REVERSED, it means the direction of face is opposite
of the normal direction of surface. CSGOrientation plays a
vital role in shape visualization and shape Boolean opera-
tions.

2.4 Subset shape

For a shape, its subset shape (CSG_Subshape) contains a list
of reference to all shapes that are related to the said shape.
When a simple reference is insufficient (An edge can be used
by more than one face of a solid), two pieces of information
are added - topological orientation and a topological location
reference. This is necessary for two topology elements of
the same level to correctly sharing the same lower topology
element.

3 Access algorithms of topology element based on
topology model

3.1 Construction of detailed voxel model from point
cloud data

We presents following algorithm for building voxel model
from point cloud data. Firstly, we use improved RANSAC
algorithm to fit parameters for simple point cloud data [26—
28]. For complex point cloud data, we first perform manual
segmentation then fit parameters to determine CSG voxel
size. CSG voxel is constructed from basic topology elements:
first, geometry and topology data are fused together accord-
ing to CSG-BRep model, then voxel model are created from
simple element like vertex to more complex elements. A sim-
ple voxel model include box, cylinder, cone, sphere, torus,
or closed free-form surfaces. As shown in Fig. 5, cylindri-
cal and spherical and cone and revolution (vase)surface are
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Fig. 5 Fit parameters based on
point cloud and build CSG voxel

fitted to discrete point cloud, then CSG voxel cylinders and
spheres is generated.

3.2 Algorithm of accessing topology

There are two kinds of algorithms for accessing topology:
for a given topological shape object, we can either access
topological structures that are subset of the shape or access
topological structures that are superset of the shape.

3.2.1 Access topological structures that are subset of a
shape

A CSG-BRep topological shape object contains a variables
CSG_Subshape. It contains a list of topological objects that
are subset of the containing object. This allows direct tra-
versal of topology elements. If a topological element is
referenced multiple times, then that element could be tra-
versed multiple times. For example, an edge in box is usually
shared by two faces. To ensure a shared topology element is
only accessed once during a traversal, hash map is used to
remove duplicated reference.
Pseudo-code implementation:

void MapCsgChildShape(const CSG_Shape& S,
CSG_MapOfCsgShape& M)

{
CsgExp_Explorer Ex(S, T);
while (Ex.More()) {
M.Add(Ex.Current());
Ex.Next();
}
}

Edge3

Edge4 Edge2

Edgel

Fig. 6 Find the edge associated with the vertex on the square

through all subset shapes of S of the type T. M is a hash map
that only allow one reference of a given element to be added.

3.2.2 Access topological structure of a superset of the shape

In topological data structure of CSG—BRep presented in this
paper, references are from higher level shapes to lower level
shapes (e.g. from CSG_Shell or CSG_Solid to CSG_ Vertex).
Therefore there is no direct access to topological elements
that are superset of a given topological element. Therefore,
we propose another algorithm. We will use a square as an
example, as shown in Fig. 6.

const

CSG_ShapeEnum T,

In the above example: S is the shape to be traversed. T is
the enumeration type for the kind of shape we want, in this
case T is ‘edge’. CsgExp_Exporer is a helper class to iterate
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To find edges associated with a given vertex on the square,
we first use the following algorithm to build an index from
vertex to edges:
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Table 3 Find the edge associated with the vertex on the square

VertexID 1 2 3 4
LeftEdge Edge4 Edgel Edge2 Edge3
RightEdge Edgel Edge2 Edge3 Edge4

a. Traverse the square. Find all edges which are located on
the square.

b. Traverse all vertices which are located on the edges found
in step a.

c. Populate an index from vertex to edge during the traversal
in step a and b.

Pseudo-code implementation for creating the index:
void MapCsgFatherShape (
const CSG_Shape& S,
const CSG_ShapeEnum TS,
const CSG_ShapeEnum TA,
CSG_IndexOfCsgShape & Index)

CsgExp_Explorer exa(S, TA);
while (exa.More()) {
// traverse ancestor shapes
const CSG_Shape& ancestor = exa.Current();
CsgExp_Explorer exs(ancestor, TS);
while (exs.More()) {
// traverse children shapes
const CSG_Shape& child = exs.Current();
Index.Add(child, ancestor);
exs.Next();

}

exa.Next();

S is the shape to be traversed, TS is the enumeration
type for vertex, TA is the enumeration type for edge. Csg-
Exp_Exporer is a helper class to iterate through all subset
shapes of S of a given type T. Index is a data structure that
allow only once instance of ‘child’ as key, but allow accu-
mulating references of ‘ancestor’.

Using this algorithm we can build an index as shown in
Table 3 for the example square. Then we can look up the
edges for any given vertex on the square.

4 Unify topological relationships between models
using Boolean operators

We could build and access topological relations of a single
model using algorithms presented in previous sections. How-
ever, we still need to handle topological relations between
models. Here we propose the use of Boolean operators to
unify topological relationships between models [29,30]. This

allows algorithm for accessing topology to handle relation-
ships between models.

4.1 The geometry parametric equation of the typical
voxel

Intersection operations is the core operations of Boolean
operations. Example operations include the intersection
between one line and another line, the intersection between a
line and a surface, as well as the intersection between two sur-
faces and so on. The actual intersection computation uses the
geometric information associated with a topology element,
such as parametric equation of curves and surfaces. Table 4
shows parametric equations of some typical basic voxel.

In Table 4, a line is defined by a 3D point P and a 3D
vector D. The line passes through the point P and is parallel
to vector D. A plane is defined by a 3D point P and pair wise
orthogonal 3D vectors Du and Dv which defines a normal N.
The plane passes through the point P, and has a normal N. A
cylinder is defined by a 3D point P, pairwise orthogonal 3D
vectors Dv, DX and DY and a non-negative real number r.
The cylinder axis passes through the point P and is parallel to
vector Dv. The cylinder has the radius r. The cone data consist
of a 3D point P, pairwise orthogonal 3D directions DZ, DX
and DY. The cone axis passes through the point P and has the
direction DZ. The plane which passes through the point P and
is parallel to directions DX and DY is the cone referenced
plane. The cone section by the plane is a circle with the radius
1. A sphere is defined by a 3D point P, pairwise orthogonal 3D
directions DZ, DX and DY and a non-negative real number
1. The sphere has the center at P, radius r. A torus is defined
by a 3D point P, pairwise orthogonal 3D directions DZ, DX
and DY and non-negative real numbers r1 and r2. The torus
axis passes through the point P and has the direction DZ. r1
is the distance from the torus circle center to the axis. The
torus circle has the radius r2. A linear extrusion surface data
consist of a 3D direction Dv. The linear extrusion surface has
the direction Dv and base curve C. A revolution surface is
defined by a 3D point P, a 3D direction D and a 3D curve. The
surface axis passes through the point P and has the direction
D. 3D curve and the axis are coplanar.

4.2 Boolean operation algorithm

The Boolean operations proposed here is based on intersec-
tion algorithm of parametric curve and surface. When basic
voxel are represented by parametric equation, we propose fol-
lowing methods perform Boolean operations between voxels.

a. Calculate the intersection between two voxels. Assume
the two voxels to be intersected to be A and B. First,
traverse all edges (parametric curve) of A. Meanwhile,
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Table 4 Several parametric equations of typical basic voxel

Typical elements Parametric equations

Line C(u)=P+u-D,u e (-00, 0)
Plane
Cylinder
Cone

Sphere torus
X [-1/2, /2]

Surface of linear extrusion

Surface of revolution

S(u,v) =P +u-Du + v-Dv,(u,v)€ (-00,00) X(-00 00)

S(u,v) =P + r-(cos(u)-Dx +sin(u)-Dy) + v-Dv, (u,v)€ [0, 2 1) x(-00,00)

S(u,v) =P + (r + v- sin(¢)) -(cos(u) - DX + sin(u) - DY)+ v- cos(¢)- DZ, (u,v)€[0, 2- 7) x(-00,00)
S(u, v) =P +1- cos(v) - (cos(u) - Dx+ sin(u) - Dy) +1 - sin(v) - Dz, (u, v) € [0, 2 - )

S(u, v) =P + (rj+ 12 - cos(v)) - (cos(u) - Dx+ sin(u) - Dy) + 12 - sin(v) - Dz, (u, v) € [0,2 - 1) x [0, 2 - )
S(u, v) = C(u) + v - Dy, (u, v) € domain(C) x (-c0, 00)

S(u, v) = P+ Vp(v) + cos(u) - (V (v) - Vp(v)) + sin(u) - [D,V (W], (u, v) € [0, 2 - ) x domain(C)

traverse all faces (parametric surface) of B. Calculate all
the points of intersection between edge of A and face
of B. In this case, all the edges of A are divided by the
points of intersection. Similarly, calculate all the points
of intersection between edge of B and face of A.

b. Classify the edge which has been divided. After the step
a, the edges of A are divided into several segments. A
segment can falls into one of the following three cases:
1: the segment is inside B, 2: the segment is outside of B,
3: the segments of A and B overlap each other. Similarly,
perform the same classification to edges in B with respect
to A.

c. Calculate a new line of intersection. Firstly we determine
effective intersection points of A. If an intersection point
in step a is on the boundary of A and within or on the
boundary of B, then the intersection point is an effective
intersection point. Similarly, we also determine effective
intersection points of B with respect to A. After obtaining
all effective points, we reconnect these effective points
to get new lines of intersection.

d. Remove or keep original boundaries of A and B. We
use the classification result of step b and the new line of
intersection of step ¢ to complete the Boolean operation.
When intersection algorithm is applied to A and B, keep
A’s edges that are inside or on boundary of B and remove
A’s edges that are outside of B. Similarly, perform the
same action to B’s edges with respect to A. When union
or difference algorithm is applied to A and B, keep A’s
edges that are outside of B and remove A’s edges that are
inside of B.

e. Use the new boundaries to reconstruct a topology model
shape.

5 Experiments and results
We conducted an experiment to model wooden structure

of Supreme Gate which is in Beijing. We used Visual
Studio 2010 and C++ for developing software used in
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Fig. 7 CSG-Brep model of wooden structure

Fig. 8 Triangular mesh model of wooden structure

this experiment. We used point cloud data collected by
three-dimensional laser radar as data source. We first used
improved RANSAC algorithm to fit basic voxel parameters,
then build topology model using Boolean operations. The
model is shown in Fig. 7. For comparison, we also use Geo-
magic Studiol2 to generate a triangular mesh model of the
same structure, as shown in Fig. 8.
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Fig. 9 Access child edge and
point

Fig. 10 Access father edge

We can query and analyze the CSG—BRep wood structure
model through algorithms presented in access algorithms of
topology element based on topology model. We found that
it consist of 81 cylinders and 148 boxes. The model could
be split and it has detailed topological relations. The model’s
memory footprint is only 336KB. In comparison, the triangu-
lar mesh model of wooden structure consist of a total of 3991
points and 7475 triangles. This model could not be easily
split nor contain topological relations. Its memory footprint
is 1986KB.

This comparison demonstrates that CSG-BRep model
is effective in reducing data size and produce models that
can be split to different components. Most importantly, the
CSG-BRep model contains detailed topological relations
and enables query and analysis of 3D spatial topological
information.

The ability to query a CSG-BRep model enables us to
extract information previous difficult to extract. For exam-
ple, we can use algorithm presented in 0 to extract a basic
box which represent a wooden pillar in the large wooden
structure. As shown in Fig. 9, we could query many important
information about this box by accessing it is subset elements.
We could extract the physical dimensions of this pillar by
access edges information in this box. Figure 10 shows that
we can query connected edges and surfaces of if we a given
a vertex. Figure 11, shows that we can also query parent face
the box if given a vertex.

This ability to query both subset and superset elements
allows us to flexibly extract information contained in models
generated from point cloud data.

6 Conclusion

Firstly, we have described CSG-BRep topological model and
its uses of topological location, topological orientation, sub-
set element list when defining a model. We have also listed
two algorithms for accessing detailed elements in a detailed
CSG-BRep model. These two algorithms also enables topo-
logical query for 3D spatial objects.

Secondly, we have presented operations on CSG-BRep
models to convert topological relationship between models
into topological relationship inside a model. This approach
describes spatial objects using basic geometric objects, and
in turn converts spatial object intersection into intersec-
tion between parametric representations of basic geometric
objects.

Lastly, we have demonstrated constructing a CSG-BRep
model from real world point cloud data. We have shown
that CSG-BRep model has several advantages of being
composable, having smaller data size, containing complete
topological information and having queryable internal ele-
ments than triangular mesh model. We have shown that
CSG-BRep model provides a solution for modeling and
accessing detailed topological relation.

@ Springer



2036

Cluster Comput (2016) 19:2027-2037

Fig. 11 Access father face
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