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1 Introduction

The dental CAD/CAM system invented by Dr. François Duret involves in the foUowing 3

steps in creating a complété restoration:

1) Data acquisition and processing,

2) Restoration design, and

3) Milling.

The fîrst step can be further divided into the foUowing parts:

a) Range image acquisition,

b) Registration and data intégration, and

c) Range image processing.

The current system can be improved in many of the above mentioned areas by adapting

recent research results in machine vision and image processing conducted here by the USC-IRIS

group, and by further research conducted speciaUy for the dental CAD/CAM system, as wiU be

described below. Based on our expertise and our experience, we are proposing to conduct research

on the dental CAD/CAM system in the first two areas mentioned above, namely, the data

acquisition and processing, and the restoration design. Our emphasis on thi.*; research are accuracy,

autonomy and user-friendliness for a new génération of dental CAD/CAM system.

2 Building a next génération range sensor

Range sensors have been successfuUy used in the industry as demonstrated in the current

dental CAD/CAM system by Sophia Bioconcept. However with the new development the

restoration design research, the system may benefit from a new range sensor system. At this time.



we need fiirther information on the current System to discuss possible improvements. Our group

bas built a few range sensors over the years ([7]).

3 Registration

After the range images of the plaster models are taken, the 3-D information ffom différent

viewpoints must now be combined to provide an integrated data set as the basis for the restoration

design. The most important issue is the précision of the intégration because the restoration design

dépends directly on the measurements obtained ffom the range measurements and any

misalignment among the range image views will resuit in loss of significant clinical landmarks and

errors in the measurements thus compromising the accuracy of the restoration design. This brings

up an important issue of sensor system calibration which provides necessary information for the

data intégration process.

In a conventional system, calibration is done once before system is in opération. More

advanced Systems need to be able to calibrate the system on-line, or in other words, the system

needs to be able to perform self-calibration during opération. There is also an issue of open-loop

versus closed-loop calibration. Our purpose for the system calibration is to acquire necessary

information for data intégration. Even with a carefuUy calibrated system for range image

acquisition, errors can still occur in every stage of the acquisition, which can not be corrected by

an open-loop system itself. Thus a closed-loop calibration system is needed to verify the calibration

by examining the quality of the intégration.

We propose to achieve this closed-loop self-calibration through range image registration.

This range image registration process is to match between a pair or more range images in the



overlap régions of the images and compute the exact 3-D transformation that can precisely align

the set of images to provide a complété set of data for the mode!. This registration process can

ensure the quality of the data intégration and is cairied ont for every set of range images. The

Computer Vision group in USC-IRIS has conducted extensive research on range image registration

in recent years and our findings are widely cited in the literature [1]. The algorithms in our research

are very suitable for the type of application for the dental CAD/CAM environment Some high-

lights of our range image registration algorithm can be described as foUows.

• The algorithm works on raw range images, thus eliminating the need for feature extraction,

and also allows us to achieve highest registration accuracy possible with the input data.

• No correspondence between range image segments is needed to achieve registration. The

registration is achieved by exploiing the géométrie constraints between the range image

segments and by minimizing a viewpoint invariant distance measure between the range im

ages. Our formalization of the minimization process results in a very fast convergence com-

pared with the methods used by others (e.g. [6]).

• The algorithm allows registration to proceed incrementally one view at a time and option-

ally integrate the views into a single object oriented représentation.

Figure 1 shows a plaster tooth model we used in our experiment. Figure 2 shows the resuit

of registeiing and then combining a set of 18 range images of the model tooth.

It is clear that significant amount of research is needed in order for our registration System to

work in the dental CAD/CAM environment and to take the advantages of the known environment

to achieve the best possible results. Among them are the coordination between the registration

System and the range imaging device so as to perform sensor planning or to utilize sensor


















