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A study of high-quality reverse engineering of castings
based on casting and machining surface recognition and
optimized 3D scan planning’

Akihisa Urata
Abstract

Recently, with the spread of 3D scanners, the demand for efficient solid model generation
from the scanned data of engineering products is increasing in order to achieve an efficient
design, replication, analysis and test of a product’s shape. Solid model generation from the
scanned data is called reverse engineering (RE). However, in order to generate a high quality
solid model, it is necessary to obtain a high quality scanned triangular mesh by optimum
scanning pose in 3D scanning process and to recognize a surface by efficient and accurate fitting
from scanned triangular mesh.

In this research, we propose new methods of solid model generation and optimized 3D scan
planning for high-quality reverse engineering of castings.

Generally, a high accuracy is required for machining surfaces and a low one for casting
surfaces. In general, machining surfaces have lower roughness than the casting surfaces, because
they are generated by cutting works. Therefore, in our RE approach, casting surfaces and
machining surfaces are first classified according to the surface roughness, and then the different
geometric algorithms are applied to each surface adaptively. In addition, suitable processes in
the applications of the RE models, such as machining margin addition and machining planning
for machining surfaces in the duplication, can be automatically applied to each machining and
casting surfaces, because they are recognized in our method. In this thesis, we propose separation
method of casting and machining surfaces from scanned triangular mesh of castings, recognition
methods of machining surfaces, beautification methods of casting and machining surfaces,
generation method of solid model of castings with surface properties. The proposed method was
applied to scanned triangular meshes and results of the proposed method were evaluated.

In order to generate a high-quality solid model of castings, it is important to acquire a high
guality scanned triangular mesh without un-measurement area and accurately scanning.
However, since the position and pose of the scanner are determined depending on the experience
of the scanning worker, the quality of the scanned triangular mesh is not guaranteed. Therefore,
in this thesis, we developed an optimal scanning planning method that automatically estimates
the next optimal measurement position and pose which can efficiently acquire a high quality
scanned triangular mesh for castings. The proposed method is evaluated its usefulness by
scanning simulation.

Key words: Castings, Reverse engineering, Scanned triangular mesh,
Estimation of triangle roughness, Separation of casting and machining surfaces,
Solid model with surface properties, Next best view
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