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Abstract

This paper describes the use of reverse engineering to creating a digital model of face gear from 3D point
cloud. The construction of a computational model of a physical object was carried out using an optical three-
dimensional scanner. Based on the cloud of points obtained in the process of scanning, a spatial digital model
reflecting the geometry of an existing element was developed. Polygonization and mesh reconstruction allowed
to create a discretized model that enabled the precise reproduction of the scanned object. The created model
could be subsequently used to conduct appropriate analysis and simulation to verify the correctness and
possible modification of the construction of scanned elements. Coordinate measurement technology to digitize
surfaces in order to compare and evaluate real component parts with their theoretical data using a PC is
needed in many different industrial sectors like design, construction, manufacturing, quality assurance etc.
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1. INTRODUCTION

Reverse engineering is a very important branch of geometrically design and manufacture application area, and
this technique has been widely recognized as being an important step in the product development cycle. The
use of RE will largely decrease the manufacturing time and costs. Many authors have researched regarding
the reverse engineering, especially by focusing on scanning methods describing advantages and weaknesses
of different scanning systems [1-5], reverse engineering applications based on image processing and vision
aided [6,7], data-point preprocessing and reduction methods [8,9], surface fitting algorithms [10,11], multi-
probing approaches [12]. There are many issues that come up in the process of reverse engineering.

Reverse engineering allows to obtain reconstruction of surface in three dimensions that uses the so-called
point clouds. This technique converts a large number of measured data points into a concise and consistent
computer representation [13]. This process has to be adapted to the 3D mesh structure, which depends on
the creation or discretization process. For a scanned physical object, the 3D point cloud is generally very dense
but composed of points whose coordinates may be disturbed by acquisition noise. There are two kinds of
reverse engineering results: “simple surfaces”, such as planes, and general “free-form surfaces”, like B-Splines
or NURBS as in [14]. For the second case, many methods to fit free-form surfaces on a 3D mesh exist, for
example 15]. Although they are efficient for obtaining a good-looking reconstruction of a 3D mesh and allow
modeling of some features. This was described in [16,17], they do not contain information on the shape what
is essential for many CAD applications. In particular, the identification of the object shape for example is: a
sphere or plane, the computation of shape parameters like a radius or an axis of revolution or the definition of
relationships between different are not possible with these methods.
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There was used the ATOS (Advanced Topometric Sensor) to digitize measuring objects with a high local
measuring point resolution and accuracy. Mainly, the ATOS system works according to the triangulation
principle, this means that each single 3D measuring point is captured via two different methods in a quasi-
triangular measurement. A surface that was constructed from scanned points in the three-dimensional space
was converted into a geometrical shape as shown in Figure 1.

Figure 1 Assembly of the model from several dozen scans

During the measurement, a fringe pattern that is captured by two cameras, in the three-dimensional (3D)
scanner, is projected onto the surface of the measuring object (Figure 2). Each single measurement creates
up to 800 thousand 3D points. In order to complete digitize a measuring object several individual
measurements are required from different directions.

Figure 2 A view of the face gear measurement using an ATOS 3D scanner on a standard rotation table

One from two elements of spiroid gears, face gear, in real is shown in Figure 3. Furthermore, there will be
described the process of creating digital model of spiroid gears.
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Figure 3 One element of spiroid gears: face gear in real

2. METHODS

The construction of a computational model of a physical object was carried out using an optical 3D scanner
[18]. Based on the obtained results, in the process of scanning point cloud, a spatial digital model reflecting an
existing element was developed (Figure 4). Polygonization and mesh reconstruction [19] allowed create a
model that enabled the precise reproduction of the scanned object. The created model was subsequently used
to conduct appropriate analysis and simulation to verify the correctness and possible modification of the
construction of both elements of spiroid gears: worm thread and face gear.

Figure 4 Raw data of point cloud consists of 2049659 points

For completely capturing complex model geometry, different partial views need to be combined. Using
reference points, the software transforms the single measurements into a global coordinate system. The
number of such individual measurement is determined by how completely the measuring object is scanned.

When the captured object is complete, polygonization can be started. The single measurements are available
as separate preview meshes. The preview mesh is edited automatically and converted into a single mesh of
nonoverlapping triangles. With these curvatures of the measuring spiroid gears, the triangle mesh has a high
density. Polygon meshes can be smoothed, thinned, and refined as shown in Figure 5.
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Figure 5 Raw data of point cloud (left), polygonized surface of the measurement object with the polygons
displayed (middle), and the object after polygonization (right)

Some corrections of surface discontinuities of the measuring object such as dust, scratches, shavings, dents,
etc. were carried out using the ATOS Professional software. In addition, holes in the mesh were filled and
curvatures were extracted. The mesh was processed using curvature-based algorithms [20] and tolerances. It
was also refining mesh done what increase the polygon density in the selected surface, e.g. to refine the
shapes of edges and radius of worm thread and face gear. Ones iteration increased the number of polygons
in the selected area three times. However, there was a need to refine the resolution on the edges to be able
to mil directly and to get a tooth outline, which is shown in Figure 6.

Figure 6 Refining mesh to increase the polygon density

Figure 7 Polygonization of spiroid gear with a local, numerical visualization of the deviation in the
selected surface

The mesh can be smoothed based on the adjustable surface tolerance. In case of a corner, the effects of the
smoothing are only visible in the coloured deviation view (Figure 7).

3. CONCLUSION

Based on the obtained results in the process of scanning point cloud, a spatial digital model reflecting an
existing element was developed. Polygonization and mesh reconstruction allowed digitize model that enabled
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the precise reproduction of the scanned object. The created model will be subsequently used to conduct
appropriate analysis and simulation to verify the correctness and possible modification of the construction of
one element of spiroid gears: face gear. Moreover, these assumptions will then be checked for the gear worm
and other scanning, tomography and coordinate machine methods to compare precise of the obtained results.
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