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Introduction:

As 3D scanner and 3D printer develop, 3D related researches are being progressed in medical and
other industrial fields. Amalgam is used to most restoration in dentistry field. However, amalgam has
esthetic negative element because of the metallic color. Thus, esthetic materials such as ceramic usage
have been increased. 3D virtual model is required for ceramic manufacture different from existing
amalgam manufacture. Therefore, existing dental impression models are being scanned for converting
the actual model to 3D virtual model. Generally, when 3D scanner used in dental technical laboratory is
scan the dental impression as shown in Figure 1, swing and rotation angle can be adjusted to search
the better scan direction. Decision of scan direction depends upon the user experience. However, they
work inefficiently because most users do not have 3D related expertize. So, this paper propose that the
automated detection of 3d scanning direction for dental impression model.

Fig. 1: dental impression model. Fig. 2: Scanning with default orientations.

Related works:

To find the next proper viewing directions, it is necessary to evaluate the visibility of missing areas
from images of a given range. The visibility evaluation for a given geometric model has various
applications, including computer graphics, multiaxis machining, orientation of parts on a CMM
(coordinate measuring machine), parting line determination for castings, and optical scanning for
object reconstruction. Therefore, the visibility problem has long been studied by many researchers.
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Mehra et al. [6] presented an algorithm for estimating visibility from a given viewpoint for a point set.
They computed the visibility based on a construction involving the convex hull in a dual space instead
of performing an explicit surface reconstruction for the points set. Wang et al. [11] proposed an
adaptive visibility sampling algorithm for the all-frequency rendering of dynamic scenes, which
comprises two steps: adaptive visibility sampling and hemispherical distance transformation. Park [7]
presented a procedure to compute pencil curves from a given triangular mesh model. For the
computation of visible pencil curves, he used a graphics board to accelerate the computation. Kang and
Suh [2] proposed a method for calculating the setup orientations for five-axis machining that is
implemented by numerical simulation. Kweon and Medeiros [3] presented a method to determine part
orientations on a CMM that utilizes the visibility map to represent accessible directions. Spyridi and
Requicha [10] suggested an algorithm that calculates the accessibility of a CMM probe based on the
concept of an accessibility cone. They divided an accessibility cone into local and global accessibility
cones to determine the bound of the possible probe orientations. Singh and Madan [9] suggested a
procedure to determine the parting line for die-cast parts. Their procedure applies die-casting process
requirements along with geometrical reasoning to determine the parting line of the die-cast parts. Lee
and Park [4] suggested a measuring procedure of parts based on a laser scanning mechanism. Their
procedure uses the concept of local accessible directions (LADs) and assumes that a CAD model is
available for the part; it determines the scanning directions that cover the surface of the part by
performing Boolean intersection operations among LADs. Although there have been many previous
results, they cannot be applied directly to the problem of scanning dental impressions. Most of them
evaluate the visibility for a complete model, whether it is a CAD model or a point cloud model. Because
a dental impression represents the tooth structure of a human, we cannot have a complete CAD model
prior to finishing the scanning operation.

In the area of optical scanning, Scott and Roth [8] surveys and compares view planning techniques
for automated 3D object reconstruction and inspection by means of active, triangulation-based range
sensors. They classify existing non-model based view planning methods into three categories: 1)
volumetric, 2) surface-based, and 3) global. Once again, the surface-based methods are separated into
three approaches: 1) occlusion edge, 2) contour following, and 3) parametric surface representation.
Among these, occlusion edge method [1, 5] is the most commonly used traditional method, and it is
based on the premise that occlusion edges internal to the image indicate surface areas not yet sampled
(missing areas). Maver and Bajcsy [5] selected a viewing direction by reasoning about the angular arc
through which occluded areas of the object surface can be viewed, based on assumptions about the
unseen topography. Garcia et al. [1] also utilized an occlusion edge method, and their method is based
on a voting scheme that takes into account the orientation of occlusion edges.

Main Idea:

As shown Figure 2, we scan from fifteen default directions for obtaining a broad outline before
applying the algorithm. Patches are provided from each direction in real time, and does not merge
with each other. The merge algorithm is not available in real time because of excessive performance
time. Thus, patches obtained are not one single tri-mesh, and the holes that consist of different
patches are unable to be detected. In this paper, the hole that consists of different patches is called
‘virtual hole’. To detect scanning direction, it is necessary to go through three important steps: (1)
definition of the scanning area; and (2) detection of the contact surface and creation of the virtual
hole; (3) filtering the virtual hole and consideration of global interference; (4) creation of normal vector
using fitting plane.

In the first step, we define the scanning area. Teeth shape lies inside the model due to the
characteristics of the dental impression model. So, the outside of model no need to scan. For this
reason, we project 3d model onto 2d plane. And we create boundary polygon using the distance from
center of model. This boundary polygon converts into a 3d space and is shown in any direction
because of ignorance of depth. The consequence is that the teeth shape is located in the boundary
polygon in any direction.

The second step is an algorithm to detect the contact surface within patches in order to do like a
single tri-mesh. To real time application, contact detection is calculated using distance between points
instead of collision detection between triangles. Each voxel is computed at the same time using GPU
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parallel computing after splitting uniform grid space. Therefore, contact detection is possible in real
time.

In the third step, we detect boundary triangles instead of triangles including contacted points. The
virtual hole is created by grouping boundary triangles using distance of boundary triangles. Virtual
holes of the outside of a boundary polygon are not selected.

In the fourth step, a normal vector that is standard of scan direction is created. We create a fitting
plane to points of virtual hole. We check visibility of virtual hole from the 200" direction with plane
normal vector as the center. In this time, the global interference is considered and the most visible
virtual hole is selected.

Conclusions:

In this paper, the proposed algorithm detects the better scan direction than the direction that is
decided by user. But it didn’t find all reasonable direction. Nevertheless, we obtained the better result
than existing method. In future research plan, we have to virtual hole filtering for removal of
unnecessary virtual hole.
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