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Abstract: Line laser rotation scanning can obtain accurate full contour
information of the object with non-destructive testing. The key point in
this process is the calibration rotation center. The calibration of the
rotation center is mainly obtained through the characteristics of circles.
Existing calibration schemes lead to a holed or over-gathered result. In
order to solve this problem, this paper proposes a rotation hybrid
calibration method to calibrate the rotation center. First, the data used to
fit the center of the circle is screened by the symmetrical method to
meet the requirements and then the points that meet the requirements
are simulated by the least square method circle center. The experimental
results show that the proposed method has a higher stability and
accuracy compared to existing calibration methods and the calibration
accuracy can reach 0.029 mm.
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an object. Rotary scanning introduced circles into
computer vision systems (Xia et al., 2009; Kinch et al.,
2015), making the calibration of the center of rotation
(center of the circle) a focus. If the result of fitting the
center of the circle is inaccurate, the established contour
model of the object will appear hollow or over-gathering.
To solve this problem, Ying and Zha (2007) Constructed
geometric constraints through the symmetry of a circle
and proposed a contract center circle center. Liu and Su
(2008) combined camera calibration and extraction of
center-center projection points and repeated iterative
calculations to improve the precise positioning of
projection points. The disadvantage of this method leads
to the large amount of calculations (Heikkila, 2000).
Jiang and Quan (2005) chose a pair of concentric circles,
starting from any point within the circle, gradually
iteratively converging to fit the center of the circle,
reducing this error. Chen and Zhao (2015) used three

Introduction

Line laser is a non-contact measurement in three-
dimensional measurement with non-destructive testing
and which has advantages such as high accuracy, fast
speed, no damage, easy to control and automatic
measurement (Kim et al., 2020). Line laser 3D
measurement technology has broader prospects in
reverse engineering, visualization, computer design,
virtual reality, cultural relics protection, oral scanning
and other fields. A laser transmitter, a rotating platform,
two cameras and a microprocessor can be used to build a
measurement system with high measurement accuracy
with a low cost. According to different mechanical
displacement platforms, there are two types of
mechanical scanning: Translation platforms and rotary
platforms. The contour information of the measured
object can be obtained by rotating the platform. In online
laser rotation scanning, the object rotates around a center

point, which is the center of rotation. The calibration of
the center of rotation is the main factor which restricts
the accuracy of 3D measurement (Feng et al., 2020).

The rotation center was introduced in 3D
reconstruction for obtaining the contour information of
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circles on different lines to locate the center of the circle.
According to the relationship between the projection
points of adjacent centers, the connection line between
the centers was determined. The position of the center of
the circle is the intersection of the connection lines
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(Zhenzhong and Guangjun, 2009; Pei-Cheng et al.,
2007). This method is not applicable to some self-
calibration methods where the calibration block is a
circle. Ziteng et al. (2015) proposed a method for
locating the exact position of the projection point of the
circle center from a circle in the imaging plane
independently based on geometric constraints and
invariant relationships in the projection transformation.
Jiang et al. (2017) added the idea of random sampling
consistency to the least squares method when fitting the
rotation center and eliminated discrete points and edge
points with large errors to ensure the accuracy of the
center of the circle.

In order to improve the accuracy of rotation center
calibration, this proposes a rotation hybrid calibration
method to avoid excessive clustering problem in
existing scheme. First, the data used to fit the center of
the circle is screened for the points that meet the
requirements through the symmetric method and then
the points that meet the requirements are fitted to the
center of the circle by the least square method. The
calibration accuracy can reach 0.029 mm, which higher
than symmetric method, least squares method and light
plane equation usually deployed.

In section 2, a brief description of measurement
system is given. In section 3, the calibration methods
for the system are discussed in detail. Point cloud
processing is described in section 4. We make our
conclusion in section 5.

Design and Analysis of Rotary Measurement
System

This article uses line laser dual triangulation to
design and implement dental 3D reconstruction

equipment, which is mainly used for 3D contour
It belongs to the

measurement of isolated teeth.

Left camera

traditional mechanical scanning structure and has the
following characteristics: First, the device has a
rotating platform, which can be completed by rotating
scanning. Three-dimensional measurement of tooth
models with complex morphology prevents the top of
the measured object from being too large, blocking the
bottom information and the rotating platform is placed
at an angle; Secondly, the teeth are irradiated with line
structured light. The polarization direction of line lasers
is generally fixed, which allows the camera to capture
line lasers containing dental information. Finally, the
system uses double triangulation to Collecting data
from different angles allows the point cloud data
obtained from the left and right cameras to compensate
each other, effectively eliminating blind spots and
ensuring the integrity of the tooth model.

The hardware platform of this system is shown in
Fig. 1. The main components include two industrial
cameras, a line laser transmitter, a stepper motor,
anectronically controlled rotating platform, a stage and a
peripheral bracket.

The realization process of this article contains
placing the teeth on the stage of the rotating platform,
making the line structured light shine on a single tooth
and controlling the rotating platform to rotate
clockwise by the motor and the rotation angle is 2
degrees when collecting tooth data. The left and right
cameras collect the reflected laser with tooth information
and rotate to complete the scanning of the entire tooth.
The left and right cameras collect 180 pictures each.
The collected data is imported into a computer and the
three-dimensional tooth contour is completed through
image filtering, threshold segmentation, stripe center
extraction, camera calibration, rotation platform
calibration, data de-tilt and rotation stitching, point
cloud reduction and point cloud stitching.

Line laser
transmitter

Right camera

Stage
Rotating platform

Fig. 1: Hardware platform diagram of the rotation system
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Rotary Platform Calibration
Calibration of Rotation Center

Generally speaking, the center of rotation is that in a
plane, a figure rotates a certain angle around a point to
obtain the change compared to another figure, where the
point is the center of rotation (Qi, 2007).

During the rotation scanning, the measured object
starts from a certain angle and starts to rotate 360°C
around the rotation center. The rotation center of the
rotation platform is unknown. In order to obtain the
three-dimensional outline of the rotating object, the
rotation center of the platform needs to be obtained by
means of a calibration block or a sticking mark. After the
rotation center is obtained, the subsequent de-tilt and
rotation stitching can be performed. The fitted circle
center is mainly divided into three cases: The actual
circle center, greater than the actual circle center and
smaller than the actual circle center. Greater than or less
than the actual center of the circle will affect the
accuracy of the final model. Therefore, the extraction of
the rotation center is very critical.

The calibration block used for fitting the center of
rotation in this study is shown in Fig. 2. In the middle is
a white circular area.

Fitting the Center of a Circle using the Symmetric
Method

The principle of fitting the circle center by the
symmetric method is shown in Fig. 3, where & represents
the tilt angle of the rotating platform. On the premise that
the rotation angle of the rotating platform is known, the
equations of two straight lines S;S; , straight line S,S; are

fitted. The point O is the center of rotation of the rotating
platform and is also the intersection of two straight lines.
Point S; is located at point S, after being rotated 180°C and

point S; is located at pointS, after being rotated 180°C.
The three points S;, O and S, are collinear, that is,

symmetrical about the rotation center O after the rotation
and before the rotation. In actual data, due to the existence
of the error, the intersection point of the two straight lines
may be on the extension line of the two straight lines, or
the two straight lines are parallel and there is no
intersection point. Therefore, not all 10 sets of data
collected can be used to fit the center of the circle.
Therefore, according to this characteristic of the circle,
the points that do not meet the requirements in the 10
sets of data can be deleted to ensure the accuracy of
fitting the center of the circle.

Least Squares Fitting Center

The basic principle of the least square method find
the best function match of a set of data and solve it by
minimizing the sum of squared errors (Minglang and
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Shunyi, 2013). The least square method is the simplest
method to solve some absolutely unknown truth values.
Using the least squares method to fit the center of the
circle can reduce the error of fitting the center of the
circle and ensure the accuracy of the center of the circle.
The least square method is one of the mathematical
optimization methods, which can minimize the sum of
the squares of the circle center errors. The principle of
least square fitting is shown in Fig. 4.

Fig. 2: Rotate the calibration block

Slz (Xlz, ylz) : Sl(xl’ yl)

Sll(xll, y'1)

S,(%,,Y2)

Fig. 3: Symmetric circle center fitting

Fig. 4: Fitting the circle center by the least square method
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The specific process of using the least square method
to fit the circle center is as follows

The standard equation for a known circle is shown in
formula (1):
R?=(Y -a)’+(Z -b)’ 1)
The general equation of a circle is shown in formula

(2) and the general equation of a circle is transformed
into a matrix form as shown in formula (3):

Y?+2°+DY+EZ+F=0 )
D

[Y Z 1]+ E|=—(Y*+2?) ®)
F

The points that meet the requirements are selected by
the symmetric method and the coordinates of the Y and Z
axes of the points are known and the values of D, E and
F are fitted by the least square method.

If D? + E2-4F2>0, then the center coordinates of the
fitare (-D/2, -E/2).

The radius of the circle is shown in formula (4):

D2 +E’-4F
4
: @
If D? + E2-4F2 = 0, it represents a point, the coordinates
of the point are (-D/2, -E/2).
If D? + E2-4F%<0, it means that the fitted figure is not
a circle.

Light Plane Equation Fitting Circle Center

In the process of 3D reconstruction by rotating
scanning, the light plane fitting is performed on the point
cloud set of calibration blocks obtained by the camera
and the rotation center of the rotating platform can be
fitted (Wang and Ding, 2012; Chen et al., 2013). The
line laser transmitter emits a line of laser light. The line
laser will intersect the surface of the calibration block to
form a plane. This plane is called the light plane. As
shown in Figure 5, point A in the figure is the line laser
emitter and the straight line is the intersection line
formed by the line laser and the surface of the calibration
block. The plane formed by the three points A, B and C
is the light plane. The points in the light plane (AABC)
all conform to the light plane equation.

During the online structured light rotation scan, the
point clouds obtained by the camera are in the light
plane, so all point clouds conform to the light plane
Equation (5):
ax+by+cz+d=0

()
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Line laser transmitter

Left Right

came

Fig. 5: Light plane equation

The point cloud data obtained by scanning the
rotating platform are sequentially brought into the light
plane equation of the above formula to obtain formula
(6). The values of the four unknown a, b, ¢ and d can be
solved by least squares fitting:

ax, +by, +cz,+d =0
ax, +by, +cz,+d =0

(6)

ax, +by, +cz,+d =0
The rotation center of the rotating platform can be
expressed as formula (7):

o(sExrnsEs) O

Rotary Hybrid Calibration

In this study, a rotation hybrid calibration method is
proposed to fit the circle center as the rotation center of
the rotation platform. The method first uses 10 groups of
data to select the data that meets the circle by using the
symmetry method and then uses the least squares method
to fit the data that meets the requirements for circle
center fitting. If the data used to fit the center of the
circle does not satisfy the symmetry method, which
means that this point is not a point on the circle. If it is
directly used to fit the center of the circle, the accuracy
of the tooth model will be reduced. The tooth model
appears cavitation or excessive coincidence, so the
center of the circle cannot be fitted directly by the
symmetrical method or the least square method.

The fitting process of the rotation center is as follows.
The world coordinates of 10 sets of rotation calibration
blocks are selected by the method of symmetry to meet
the characteristics of the circle. The least square method
is deployed to fit the center of the world coordinates to
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meet the requirements. The fitting result of the
symmetric method is shown in Fig. 6a. Connecting the
four points separately, there is an intersection between
the two lines and the intersection point is not on the
extension of the line. User can use this set of data to fit
the center of the circle. From Fig. 6b, it can be seen that
there is no intersection point between the two straight
lines. The intersection point may be on the extension of
the two straight lines or the two straight lines are
parallel. This set of data does not meet the requirements
and cannot be used to fit the center of the circle. Through

this feature of the circle, the points do not meet the
requirements in the data eliminated, thereby ensuring the
accuracy of the center of the circle.

In Fig. 6a, the point "*" is the starting point and the
points connected by the scattered dotted lines are
compared. The point "+" is a symmetrical point after
being rotated 180 degrees and a point connected by a
tighter dotted line, unit:mm. Figure 6b indicates data that
does not meet the requirements. There is no intersection
between the two straight lines or the intersection is on
the extension line, unit:mm.

Determine whether there is an intersection

-5

-0.015 -0.01 -0.005

0.005 0.01 0.015 0.02

0.5}

Starting
point

Point of

Point of
symmetry

Starting
point

symmetry

(b)

Fig. 6: The result of fitting the center of the circle by the symmetric method
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After removing the error points, the remaining
points are fitted to the center of the circle by the
method of least squares. The fit result of the center of
the circle is shown in Fig. 7.

In Fig. 7, where the "0" point is the starting point, that
is, the point connected by the solid line. The "*" point is a
symmetrical point after being rotated 180°C, that is, a
point connected by a dotted line. The "+" indicates the
center of the fit. The green circle represents the circle
drawn by the fitted center and radius. The circle in the
figure is because the 10 groups used to calculate the center
of rotation are all displayed. unit:mm.

Analysis of Calibration Results of Rotation Center

The results of the fitting center methods above are
shown in Table 1 and the comparison results are shown
in Fig. 8. Compared to the symmetrical method of fitting
the center of the circle, the rotating hybrid calibration
method improves the fitting accuracy by 1.2%.
Compared to the least square method, the fitting
accuracy improves by 0.98%. Compared to the light
plane equation, the fitting accuracy improves by 0.38%.
The figure shows the comparison results of the four
fitting methods 10 times. It can be seen from the figure
that the center of the circle fitted by the symmetric
method and the least square method is slightly larger
than the rotation mixed calibration method and the center
of the light plane equation fitting is unstable. In general,
the circle center of the hybrid calibration fit is more
stable and closer to the actual rotation center.

In order to evaluate the method proposed, a
comparison is made with four different method
including symmetric method, least squares method,
light plane equation and hybrid calibration method
presented in this study as shown in Fig. 9. Figure 9a
shows the top view of a tooth model created by fitting
the center of the circle using a symmetric method and
Fig. 9b shows the top view of a tooth model created by
fitting the center of the circle by the least square
method. It can be seen that the tooth model established
by these two methods has holes as marked in Fig. 9a
and 9b. The holes will lead to a failed 3D model
establishment. In fact, the larger the gap between the
fitted center and the actual center is, the larger the hole
in the middle of established model (Wu et al., 2020;
Lu et al., 2020). In order to observe the clustering
phenomenon, Figure 9c shows the side view of tooth
model established by fitting the center of the light plane
equation to the center of the circle. Since the center of
the fitted circle is sometimes slightly smaller than the
actual center of the circle, which usually leads to a
excessive convergence (Lu et al., 2020). Figure 9d
shows the tooth model created by fitting the center of
the circle with the rotation hybrid calibration method. It
can be seen that the center of the tooth is the closest to
the actual center. The tooth model created has no holes
and there is no excessive convergence. This can prove
the correctness of this method and the accuracy of
fitting the center of the circle.
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Fig. 7: Center fit of the least square method
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Fig. 9: Comparison model of fitting circle center (unit:mm) (a) Top view of a symmetric tooth model (b) Top view of a least squares
tooth model (c) Side view of tooth model with light plane equation (d) Side view of the model with hybrid calibration method
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Table 1: Fitting the center of the circle: (unit:mm)

Light plane equation Rotary hybrid calibration

Fitting times Symmetric Least squares

1 (0.2078, 0.2777) (0.2078, 0.2776)
2 (0.0799, 0.6951) (0.2063, 0.0772)
3 (1.2071, 0.7248) (0.2069, 0.7250)
4 (1.8568, 0.5666) (1.8566, 0.5665)
5 (0.3009, 0.0872) (0.3010, 0.0871)
6 (1.5140, 0.0806) (1.5139, 0.0805)
7 (0.0046, 0.8125) (0.0045, 0.8124)
8 (1.8568, 0.5665) (0.8568, 0.5665)
9 (0.0799, 0.6951) (0.0798, 0.6949)
10 (0.2088, 0.2776) (0.2078, 0.2777)

(-0.0001, -0.0029)
(-0.2063, 0.0772)
(0.2071, -0.4248)
(-1.8568, 0.5666)
(0.3008, 0.0872)

(-1.5139, 0.0849)
(0.0046, -0.5125)
(-0.4568, 0.5664)
(0.0799, -0.6947)
(-0.2080, 0.2780)

(0.0280, -0.0960)
(0.0323, -0.0072)
(0.0071, -0.0048)
(0.0456, 0.0561)

(0.0036, 0.0057)

(-0.0051, 0.0080)
(0.0460, -0.0381)
(0.0058, -0.0591)
(-0.0074, -0.2051)
(-0.0020, 0.0027)

Calibration of Tilt Angle

In order to achieve a full scan of the measured object,
the rotary platform is often designed to maintain a certain
tilt angle with the plane formed between the world
coordinate X axis and Y axis. If the tilting angle of the
rotating object platform is not designed, which indicates
that the line laser directly irradiates the measured object
directly and it will have a certain degree of influence on
the height of the tooth model. Because the teeth have a
certain arc, as shown in Fig. 10, if the measured teeth are
scanned vertically, the tooth width of area A is larger than
that of area B and area A will block the area B, which will
cause the area B of the tooth model. Some data are
missed. Therefore, a certain degree of tilt angle is added
to the rotating platform when the scanning device is
designed. In order to obtain a three-dimensional model
of the scanned object, it is also necessary to calibrate the
tilt angle of the rotating platform and restore the scan
data to a state without a tilt angle.

The calibration of the tilt angle of the rotating
platform is mainly realized by rotating the data of the
calibration block. The data is used to fit the center of the
circle select the two endpoints of the calibration block
data and the data to fit the tilt angle is implemented
using the entire laser fringe data. Since the data of the Y
axis and the Z axis are known, the data is first fitted to a
straight line, the slope of the straight line is solved and
then the slope of the straight line is converted into the tilt
angle of the rotating platform.

The specific steps to calculate the tilt angle of the
rotating platform are as follows:

Stepl: Fit the space points of the rotation calibration
block on the rotation platform to a straight line;

Step2: Find the slope of the fitted straight line. The
matrix form of the fitted straight line is shown in
the following formula (8), where k is the slope of
the straight line and b is the translation distance:

(8)

Step3: The slope of the fitted straight line is the tangent
of the tilt angle of the rotating platform

Step4: Turn the tangent value into radian

Step5: Tilt angle S = radian*180/3.1415926.
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Fig. 10: Tooth occlusion
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Fig. 11: Fitting graph of tilt angle of calibration block data:

Where S represents the tilt angle of the rotating
platform

Through method above, the tilt angle of the rotating
platform can be fitted. The result of fitting a straight line
in the space of the rotated calibration block is shown in
Fig. 11. Finally, the tilt angle of the rotating platform
was fitted: -44.1205°C.
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Point Cloud Processing
Point Cloud Acquisition

The resolution of the camera used for data acquisition
in this study is 1280*1024 dpi and the effective field of
view is 20*18 mm.

The data collection process is as follows:

Stepl: Adjusting the rotating platform to the working state,
placing a rotating calibration block or tooth model
on the rotating platform carrier and adjusting the
position of the rotating platform by left and right
translation so that the line structure light passes
through the center of the rotating platform.

Rotating the rotating platform clockwise and the
camera starts to collect data. The camera takes a
picture every time the rotating platform rotates
36°C. The camera takes a picture every time the
rotating platform rotates 2°C to obtain dental
data collection.

The system performs filtering, threshold
segmentation and other processing on the captured
pictures and then extract the center coordinates of
the laser stripes in the pictures taken by the left and
right cameras as pixel coordinates.

Calculate the world coordinates corresponding to
the pixel coordinate system and store them in the
sample set.

After rotating 360°C, export the sample set to
calculate the parameters of the rotating platform
and establish the tooth model.

Step2:

Step3:

Step4:

Step5:

The point cloud data collected by the camera is
shown in Fig. 12.

Point Cloud Declination

After calibrated the tilt angle and the rotation center
of the rotation platform, it is necessary to perform de-tilt
angle for the tooth data converted to world coordinates.
The point cloud declination is simply the data obtained
by rotating the point cloud data around the rotation
center by an inclination angle. Generally speaking, de-tilt
is to change the tilt angle of the rotating platform to 0
degrees, which uses the rotation center as the coordinate
origin and restore the collected point cloud data to a state
without a tilt angle.

The point cloud data is de-tilted to arrange it into a
matrix form as shown in formula (9), where £ represents
the tilt angle of the rotating platform and (-yr, -zr)
represents the center of rotation of the rotating platform:

|

w

Y,
:|*Z

¥q

:

—sinfg

cos

—-yr
—=r

©)

w

cos
sin g
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Fig. 12: Raw data collected
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Fig. 13:Before tooth data de-tilt: where S represents the tilt
angle of the rotating platform, unit:mm
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Fig. 14: After tooth data de-tilt
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The tooth point cloud data before de-tilting is shown
in Fig. 13. The tooth point cloud data is de-tilted shown
in Fig. 14. It can be seen that the tooth data has been
restored to the state without a tilt angle, unit:mm.

Point Cloud Rotation Stitching

Rotating stitching is to de-tilt the tooth cloud data
collected each time and then it combines the angles of
each rotation of the rotating platform to obtain the final
point cloud data. When collected dental data, the
rotating platform rotates 2°C and the camera collects
the data once. Because the data in the pictures collected
by the camera are in their respective local coordinates,
the data in these pictures need to be unified into the
same coordinate system by rotation and stitching.
Before the process is completed, tooth data has been
converted from pixel coordinates to world coordinates
and after all data is unified to the same coordinate, a
complete tooth model can be completed. This process is
called rotating stitching.

The matrix form of point cloud rotation stitching is
shown in formula (10), where 8 represents the rotation
angle when the rotation platform collects data. yq and zq
represent the point cloud data after de-tilt angle. Xwr, Ywr
and zyr represent the actual point cloud data after rotation
and stitching:

-
X

ywr :[y , J* —sin@ cosd 0
wr a 0 0 1
Z

wr

(10)

The rotation stitching results of the tooth data are
shown in Fig. 15. Compared to Fig. 14 after de-tilt angle,
the data coordinates in 180 pictures are unified and a
single tooth model is obtained, unit:mm.

Point Cloud Streamlining

Point cloud reduction is to reduce the tooth model
after rotation and splicing to a certain extent and
improves the speed of subsequent point cloud
processing. The further development of laser scanning
technology resulted in more and more high-precision
point clouds acquired on the surface of objects, which
intensifies the complexity of point cloud data
processing. If the point cloud data is not simplified, it
will consume a lot of computational resources during
the 3D reconstruction process, increase the processing
time of the point cloud data and reduce the efficiency
of establishing the 3D model of the measured object.
Therefore, streamlining point cloud data is necessary
to 3D modeling.

The point cloud reduction results are shown in Table
2 and Fig. 16. Table 2 can directly observe the reduction
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in the amount of point cloud data. Figure 16a shows the
original point cloud, that is, the state of the point cloud is
not simplified. Figure 16b shows the initial streamlining
of the point cloud, deleting insignificant data such as the
scanned rotating platform, leaving only the tooth data
part. Figure 16¢ shows that on the basis of Fig. 16b, the
point cloud is simplified and the characteristic part of the
point cloud is retained. Triangulate to speed up
streamlining increases the processing speed of
subsequent point clouds.

Measurement and Evaluation of Tooth Model

In order to make the established tooth model more in
line with the 3D scene and clearly displaying the detailed
information such as tooth structure, the stitched point
cloud data also needs to be rendered. After rendered the
tooth model, the laser point cloud is clearly visible and
the texture details are interleaved brightly and darkly,
which highlights the three-dimensional structure of the
tooth model. This article uses Open GL to render the
tooth model. The correctness of the calibration results
can be visually verified through the rendering results,
so that the scene information is effectively enhanced.
The tooth model rendered by OpenGL is shown in Fig.
17 and the original tooth image is shown in Fig. 17c.
After rendered, the outline information and details of
the teeth can be observed clearly and the depth
information of the tooth model is obtained. The depth
of the tooth in Fig. 17 is 13.79 mm.

Table 2: Streamline of point cloud: (unit: pcs)

Left camera Right camera
Raw data 53086 58151
Initial streamlining 38360 39415
Delaunay Simplify triangulation 12876 13158

10«

Fig. 15: Rotating and stitching results of dental data
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Fig. 16: Simplification of tooth point cloud data (unit:mm) (a) Before point cloud streamlining (b) Preliminary point cloud
streamlining (c) After streamlining the point cloud
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Fig. 17: The rendering result of the tooth model (a) Teeth rendering (b) Original tooth
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Conclusion

This paper mainly introduces the reconstruction
process of denture rotation scanning. It mainly includes
three parts: System design, calibration of rotating
platform and point cloud processing. The rotation
platform calibration is to calibrate the rotation center and
tilt angle of the rotation platform. In this study, a rotation
hybrid calibration method is proposed to calibrate the
center of rotation. The points that meet the requirements
are selected by the symmetrical method. It is used to fit
the center of the circle by least squares. This method
guarantees accurate circle center. The experimental
results show that the calibration result of this method is
stable and the calibration accuracy is satisfied. The
calibration process of the tilt angle of the rotating
platform is to fit the calibration block data as a straight
line, find the slope of the straight line and obtain the tilt
angle of the rotating platform by the slope. After
calibrated the rotation center and tilt angle, it is
necessary to perform de-tilt and rotation stitching on the
collected point cloud data. De-tilt is to move the
coordinate origin to the center of rotation and restore the
point cloud to a state without tilt angle. Rotating
stitching is mainly to unify the point clouds of each
rotation angle into the same coordinate system and stitch
the laser stripes from the world's three-dimensional
coordinates into a tooth model. The tooth model finally
established can intuitively prove the correctness and
stability of the algorithm proposed in this study.
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