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Abstract— Creating 3D object models is a crucial in many areas
such as computer graphics, virtual reality, animations, and
computer aided design(CAD). In this paper, we discuss our on-
going research on creating traditional building component
modelling using component templates. We developed a prototype
system that can create building component templates by editing
fundamental 3D object primitives using the open source CAD
software FreeCAD. Once a building component template is
created, it will be segmented and anlalyzed to select the unit
shapes that are commonly and frequently used for a variety of
component templates, and they will be registered back into the
primitive database so that they can be used in creating other
templates in the future. Our system provides easy-to-use editing
tool that a user can create the shape of the building component
and then the system automatically generate a set of parameters
necessary to describe the shape. Our experience showed that
users can easily create the component templates they desire to
make in a few minutes.
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I. INTRODUCTION

With the recent advances in digital technologies
such as computer graphics, multimedia, virtual
reality, and internet technology, the demand for
digital heritage preservation and dissemination is
rapidly growing. Current research on digital
heritage preservation for traditional buildings
focused on representing overall shape of the
heritage buildings in digital form ignoring modeling
of detailed building components. However, from
the viewpoint of digital preservation of heritage
buildings, modelling of each building component
that constitutes a heritage building and how the
components are connected are also significant and
valuable.

More recently, a data-driven approach to create
3D geometric models in which users can construct
3D models by searching a 3D model database and
select and recombining parts of the models. This
approach provides easy-to-use modelling capability
while maintaining the quality of the models that
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comes from existing 3D models in the database
[11.[2].[31.[4].[5].[6]

In this paper, we developed an easy-to-use
template-based building component modeling tool
that creates 3D building component models for
heritage buildings by interactively editing 3D object
primitives provided by the software using graphical
user interface. Users can create building component
model templates by arranging and compositing
model primitives in 3D space and generate
component models by modifying the parameters of
the template that define the shape of the models.
The software consists of model primitive creation
tool, model template editing tool, and databases for
model templates and model primitives.

Model template editing tool provides a graphical
user interface in which users can select object
primitives that include the most basic 3D objects
such as box, cylinder, sphere, cone, and torus. Users
translate, rotate, and resize the selected primitives
and arrange them in the 3D space to define the
shape of a building component as they desire. Every
actions users take during the editing process will be
recorded as a script statement and saved into a
script file. The software will analyze the script file
and conduct geometric analysis to understand the
structure of the shape of the building component the
user has defined. Based on the geometric
information the system will automatically define the
parameters that can specify the shape of the
building component template. The template data
consisting of geometric information and parametric
information will be finally saved and registered into
the template database. Once a template is created, it
will be segmented into unit shapes and commonly
used shape parts are selected and registered as a
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new primitives into to primitive database for the
future use.

Our software provides useful capabilities for
creating building component models. Non-experts
in 3D modeling can build the building component
models by simply defining the shape of the
component model templates by selecting and
arranging 3D object primitives provided by the
system.

I1. BUILDING COMPONENT TEMPLATE GENERATION

We implemented our system on top of the
capabilities provided by FreeCAD. FreeCAD is an
open source CAD software that provides a variety
of CAD functionalities such as sketching, part
design, part assembly, rendering, and simulation.

fiC

Figure 1. 3D object primitives that FreeCAD provides

A. Databases for 3D object primitives and building
component model templates

The proposed software system provides two
different types of databases. One is 3D object
primitive database and the other is building
component template database. The 3D object
primitive database stores a set of fundamental 3D
object primitives such as box, cylinder, sphere, cone,
and torus as shown in figure 1. Those primitives are
used as fundamental building blocks in constructing
building component model template generation. In
other words, a user can search the database, select
several primitives, and composite the shape of the
building component model template as she desires
by arranging the primitives in 3D virtual space.
Therefore, various complicated shapes can be built
by compositing those primitives in 3D space.

Once a building component model template is
created, it will be registered into the building
component model template database. The template
database therefore stores a set of component model
templates that consists of geometric information to
define the shape of the template and a set of
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parameters that can modify the shape as the user
desire. The shapes in the template database are
segmented into the fundamental parts and they are
further analyzed to extract commonly used parts.
The extracted commonly and frequently used parts
are stored back into the primitive database for the
future use. Figure 2 provides the overview of our
building component model template generation
system.

Template Generation

Building Component
Editing Module

l

Building Component
Analysis Module

Primitive Datab ase

Primitive G en%‘:\ tion

Primitive Generation l
Module ) )
Geometric Analysis
T Module
Component Template l
Analysis Module
Parametric Model
1 Generation Module

v

Building Component Building Component

Template Database

Template Creation Module

Figure 2. Building component template generation system overview

B. Building Component Model Template Generation

Our system take advantage of the capabilities the
open source software FreeCAD provides [7]. A user
can search and select primitives from the primitive
database and edit them by translating, rotating,
resizing and then aligning them in 3D space using
Part Workbench the FreeCAD provides. All the
user's behaviour are recorded using python script
language and saved as a macro file.

The script file contains a series of python script
statements that describe commands related to 3D
model primitive definitions, geometric
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transformations, and user interface control. Our
system parses each statement line by line and divide
it into tokens. Semantic analysis of the system
firstly ignores the statements that is irrelevant to the
geometric descriptions of the object primitives.
Then it translates a set of tokens of each statement
that is relevant to the geometric descriptions of the
primitives into a data structure whose data fields
include statement type, document id., operator
name, object id., and parameters for the operator.

Statement in the python script are commands that
edit the primitives in 3D. Figure 3 shows an
example of a FreeCAD macro file.

# Macro Begin: I:\Code\FreeCAD\Scripts\pillar example.FCMacro +++++
import FreeCAD
import Part

App.ActiveDocument .addObject ("Part: :Box™, "Box")
App.ActiveDocument.recompute ()

#Gui.SendMsgToActiveView ("ViewFit")
FreeCARD.getDocument ("Unnamed") .getObject ("Box") .Height = $.00

FreeCAD.getDocument ("Unnamed") .getObject ("Box001") .Length = 9.00
App.ActiveDocument.addObject ("Part: :Box"™, "Box")
App.ActiveDocument.recompute ()

#cui.SendMsgTolkctiveView ("ViewFit™

FreeCAD.getDocument ("Unnamsd") .getObject ("Box002") .Height = $.00
FreeCAD.getDocument ("Unnamed"”) .getObject ("Box001") . Placement =
App.Placemsent (App.Vector (0,0,1),App.Rotation(0,0,0,1))
FreeCAD.getDocument ("Unnamed”) .getObject ("Cylinder™) .Placement =
App.Placement (App.Vector(3,3,3),App.Rotation(0,0,0,1))
FreeCAD.getDocument ("Unnamed") .getObject ("Cylinder™) .Radius = 1.00
#Gui.activeDocument () .activeView() .viewTop ()

#cui.activeDocument () .activeView() . viewRight ()
#Gui.SendMsgToRctiveView ("ViewFit")
#Gui.activeDocument () .activeView() . viewAxometric ()
App.ActiveDocument.addObject ("Part::Cylinder™, "Cylinder™)
App.ActiveDocument.recompute ()

#cui.SendMsgTolkctiveView ("ViewFit™

App.ActiveDocument.addObject ("Part: :Box"™, "Box")
App.ActiveDocument.recompute ()

#Gui.SendMsgToRctiveView ("ViewFit")

App.getDocument ("Unnamed") . remcveObject ("Cylinder001™)
FreeCAD.getDocument ("Unnamed") .getObject ("Box003") .Height = 9.00

Figure 3. An example of FreeCAD macro statements

Building component analysis module firstly
divides each statement into tokens and then
translate a series of tokens of each statement into a
data structure that represents the semantics of it.
The module finally set the assembly tree that
describes the whole component that consists of the
primitives. Figure 4 shows an example of the results
obtained by building component analysis.

statement 159 :
FreeCAD.getDocument ("Unnamed™) .getObject ("Box003™) . Placement
= mApp.Placement (App.Vector(1l,1.5,13),App.Rotation (0, 0,0, 1)

FreeCAD Statement Lefthand:

[['Fre
['Box(

D], [['getDocument'],
3'11, ['Placement']l]

['Unnamed']], [['getObject'],

FreeCAD Statement Righthand:

"1, [["Placement']l, ["Rpp'l, ['Vectox'l, ['1'11, ['1-5"1,
[('App']l, ['Rotation']l, ['0'11, ['0'], ['0"] £r1it11

Semantics of the statement:

ID Number
Stat Type
Document

141
FresCAD
Unnamed

Operator ChangePlacemen = |
Object = Box003
Placemen: t = [1.0, 1.5, 13.0]
Figure 4. An example of results obtained by building component analysis
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Geometric analysis module reads the assembly
tree and analyze the relative relationships between
primitives to detect the minimum number of feature
points that can describe the shape of the building
component. A set of parameters are determined
based on those feature points and a new template is
created.

Figure 5. Building component template generation system overview

The system then analyze the script file to extract
the geometric information of the primitives used in
the editing process resulting in data structure that
describes detailed geometric information about the
primitives. The system finally generate a new set of
parameters that can define the shape of the object
the user constructed and they will be stored into the
template database. Figure 5 shows an example of
the shape of the building component template a user
created and the parameters that define the shape
generated by the system.

C. 3D Obiject Primitives Generation

The shapes of templates in the database are
segmented into fundamental unit objects using 3D
model segmentation algorithm [8]. The template
database also stores those fundamental objects and
clusters them into categories according to their
shapes using similarity measures defined in [9],[10].
Here, the objects that has the same structure or
shape belong to the same category based on the
similarity measures. The system then count the
number of objects in the same category and if it is
larger than a threshold value, that is set to ten in our
system, it will be regarded as a commonly or
frequently used primitive. Those commonly used
primitives will be stored into the primitive database
so that they can be used in the future modelling
process.
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111.CONCLUSIONS

We developed a building component template
generation system that allows a user to interactively
edit the shape of the building component as she
desires and automatically generates a set of
parameters necessary to define and modify the
shape of the component.

The benefits of our system is as follows. Firstly,
it provides an easy-to-use graphical user interface
that enables effective component shape design
intuitively using the 3D object primitives. This
capability reduces the time and effort that is
required by the current 3D modelling software
systems. Secondly, it provides the automated
parameter detection and generation capability that is
useful in designing 3D parts in CAD applications.
Thirdly, the system provides means to maintain the
component templates using template database.
Users therefore can reuse the templates in
developing 3D objects for any other applications.
Lastly, our system analyze the templates in the
database and select commonly and frequently used
primitives to add them into the primitive database.
The primitive database therefore grows as the users
create more templates and the system can provide
more variety of primitives that can make it easier to
design the templates.
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