
 

 

  
Abstract—This paper presents a scanning procedure for dental 

impressions, which utilizes a structured light system. Firstly, we 
identify the technological requirements of dental scanning: 1) 
Visibility: a point can be scanned if and only if the point is visible from 
both the projector and the camera, and 2) Reliability: To improve the 
reliability of the scanning data, it is necessary to minimize the angle 
between the scanning orientation and the normal vector of the 
measuring point. The proposed scanning procedure is designed to 
satisfy these technological requirements, and the application areas of 
the proposed procedure include not only dental impressions but also 
other small objects that do not have CAD models. 
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requirements .  

I. INTRODUCTION 
HE reverse engineering typically starts with measuring a 
physical object to reconstruct a CAD model for 

applications like redesign, reproduction and quality control [8]. 
The flowchart shown in Fig. 1 characterizes the typical 
procedure of reverse engineering, which consists of five steps: 
1) data acquisition, 2) preprocessing (noise filtering and 
merging), 3) triangulation, and 4) segmentation and surface 
fitting. The most critical step of reverse engineering is the 
segmentation process. The segmentation process splits a 
triangular mesh into sub-meshes to which an appropriate single 
surface can be fitted, and it seriously affects the quality of the 
resulting CAD model. 
Recently, dental restorations made of all-ceramic are becoming 
popular, and it requires the reverse engineering technologies. 
 As all-ceramic restorations require different manufacturing 

processes relative to those used with traditional metal 
restorations, many researchers have tried to develop new 

manufacturing processes as well as manufacturing devices that 
are suitable for use with all-ceramic materials. As a result of 

these efforts, a CAD/CAM procedure has been introduced for 
the fabrication of all-ceramic restorations, and some 

commercial products have been made available. As shown in 
Fig. 2, the manufacturing procedure consists of five major steps: 

1) preparing a dental impression, 2) scanning the dental 
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Fig. 1 Reverse engineering 
 

 
Fig. 2 Manufacturing process of a ceramic restoration 

 
impression with an optical scanner, 3) designing a restoration 
using the scanned model, 4) machining all-ceramic materials to 
create the designed restoration, and 5) sintering the machined 
restoration to achieve high strength. For optical measurements 
based on vision cameras, there are two alternative techniques in 
current use: stereovision and structured light systems (SLS). 
Structured light systems [9] avoid what is known as the 
correspondence problem of passive stereo vision; moreover, 
they are becoming more popular in dental CAD/CAM due to 
their fast measuring speed, very simple optical arrangement, 
non-contact arrangement, moderate accuracy, low cost, and 
robust nature in the presence of an ambient light source in 
different situations. Three-dimensional range data are spatial 
coordinates for the surface points of an object. They are useful 
for 3D object matching, object recognition, and dimensional 
measurement. A structured lighting system is a general method  
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Fig. 3 Structured light system 

 
of acquiring the surface range data from a scene. In these 
systems, an object is illuminated from a structured light source 
and the scene is imaged by a camera. As shown in Fig. 3, an SLS 
consists of a projector and a camera; the angle between them is 
known as an optical triangulation angle. 
 As an SLS can measure only the visible (accessible) area 
from a specific direction, it is necessary to scan multiple times to 
obtain a complete model. However, it is more desirable to 
minimize the number of scanning directions to save the 
measuring time and the amount of required memory. Although, 
the scanning technology of an SLS has received a considerable 
recognition in industry, no systematic methodologies exist for 
the automation of SLS-based scanning tasks. Much of the work 
has been done manually through the intuition of skilled workers. 
Manual scanning requires highly skilled workers as well as 
much time and effort. The overall structure of the paper is as 
follows. Section 2 addresses the proposed approach to 
automated scanning as well as the overall framework of the 
proposed procedure. Finally concluding remarks are given in 
Section 3. 

II.  SCANNING PROCEDURE WITH TECHNOLOGICAL 
REQUIREMENTS 

For the scanning of a dental impression, it is necessary to 
consider the visibility of a given dental impression from a 
specific direction. As the visibility problem has various 
applications, including NC machining [1], [2], [5], [6], [7], 
mold partitioning [10], the use of a CMM (coordinate 
measuring machine) [3], and laser scanning [9], it has long been 
studied by many researchers. The related research activities are 
briefly described below. Woo presented the concept of using 
convex visibility maps that partition the Gaussian sphere, 
describing their application to different classes of visibility 
problems [2]. The main focus of his paper was the development 
of a method that reduces the number of setups required for 
machining by clustering overlapping visibility maps for 
different surfaces to be machined. Spyridi and Requicha 
suggested an algorithm that calculates the accessibility of a 
CMM probe based on the concept of an accessibility cone [3]. 
They divided an accessibility cone into local and global 
accessibility cones to determine the bound of the possible probe 

orientations. Kang and Suh proposed a method of calculating 
the setup orientations for five-axis machining that is 
implemented by numerical simulation [4]. Lee and Park 
suggested an automated measuring procedure of free-form 
shape parts based on the laser-scanning mechanism [9]. The 
procedure works for a part for which a CAD model has been 
developed. They employed the concept of local accessible 
directions (LADs) and determined the scanning directions that 
cover the surface of the part by performing Boolean intersection 
operations among LADs.  Although any previous results exist 
regarding the evaluation of accessible directions, they are 
limited in terms of application to the automatic scanning 
problem of a dental impression for two major reasons: 1) they 
assume that a CAD model is available which is not true for a 
dental impression, and 2) they do not consider the technological 
requirements of scanning procedures based on an SLS. In this 
paper, the proposed procedure starts from the technological 
requirements and utilizes the visibility attributes of range 
images to achieve the automated scanning of a dental 
impression. 

 
 

Fig. 4 Technological requirements of scanning 
 

 

 
 

Fig. 5 Proposed scanning procedure with the technological 
requirements 



 

 

The proposed scanning procedure consists of three steps; 1) 
Initial scanning: the first step of scanning procedure involves 
scanning with default orientations that are controlled by two 
moving joints of the scanning, 2) Triangulation: initial scanning 
with default orientations results in a point cloud, and the second 
step generates a triangular mesh from the point cloud, and 3) 
Post-processing: Once a triangular mesh is obtained, it is 
necessary to do some post-processing to improve the quality of 
the triangular mesh. Among the three major steps of the 
proposed procedure, the determination of the scanning 
orientations is very important for the quality of the resulting 
triangular mesh.  

As shown in Fig. 4, to solve this problem, it is necessary to 
carefully consider the technological requirements of a 
structured light system. We identified three major technological 
requirements; 1) Visibility: An SLS can measure a point if and 
only if the point is visible from both the projector and the 
camera, 2) Accuracy: To improve the reliability (accuracy) of 
the scanning data, it is necessary to minimize the angle between 
the scanning orientation and the normal vector of the measuring 
point, and 3) Productivity: The scanning procedure should be 
efficient enough to support interactive computation time. Fig. 6 
shows the developed structured light system, and Fig. 7 shows 
the scanned examples by using the proposed procedure. 
 
 

 
 

Fig. 6 Structured light system for the scanning of dental impressions 
 
 

 
 

Fig. 7 Scanned examples by using the proposed procedure 

III. SUMMARY 
A scanning procedure is proposed, and the proposed 

procedure is designed to meet the technological requirements. 
The procedure consists of three steps; 1) scanning from multiple 
directions, 2) triangular mesh generation, and 3) 
post-processing of the triangular mesh to improve the quality. 
During the procedure, it is very important the technological 
requirements of scanning. We identified three major 
technological requirements; 1) Visibility: An SLS can measure 
a point if and only if the point is visible from both the projector 
and the camera, 2) Accuracy: To improve the reliability 
(accuracy) of the scanning data, it is necessary to minimize the 
angle between the scanning orientation and the normal vector of 
the measuring point, and 3) Productivity: The scanning 
procedure should be efficient enough to support interactive 
computation time. Although the main application of the 
proposed algorithm is dental impressions, the proposed 
algorithm can be applied to other small objects. 
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