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Abstract
A challenging topic of laser marking is to mark any 2D-complex pattern onto sculpture surfaces
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with shape preserving property, so this paper aims to provide a solution which realizes marking
2D patterns onto sculpture surfaces. A general idea of the solution is as follows: based on the data
description of the 2D pattern and the sculpture surfaces presented in facet model, first flattening
the facet sculpture surfaces into an abstract 2D region, then mapping the 2D pattern onto the 2D
region. From the corresponding 3D line patterns on the sculpture surface, we can build tool paths
to accomplish the marking of the target line patterns on the sculpture surfaces. In addition, it is
verified by computer simulation that the mapping method can reduce the pattern deformation in
the laser marking effectively.
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Figure 1. Map exterior vertices using arc length proposition method
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Figure 2. Map interior vertices using convex mapping
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Table 1. Pseudo-code mapping interior vertices
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Algorithm: CalculatelnternalNodeCoordinate(Surf, PIn)

Description: Calculating the coordinates of internal vertexes in a planar pattern region
Input: Surf//collection of surface facets

Pln//collection of planar facets

Output: PIn

1 Create matrix A and B which are used for sparse matrix equation AX = B
2 FOR each Pnt3d_i which is vertex in Surf DO
3 get index_i which is index of Pnt3d_i in Surf

4 IF Pnt3d_i is on the boundary THEN
5 add (index_i, 1.0) to A
6 get Pnt2d_Bnd_i which is vertex in PIn by index_i
7 add Pnt2d_Bnd_ito B
8 ELSE
9 get Vec_Pnt3d_i which stores adjacent vertexes of Pnt3d_i and Vec_index_i which stores related indexes of
Vec_Pnt3d_i
10 create Total_Angle_i, Vec_Length_i and Vec_Angle_i for flattened adjacent vertexes
11 FOR each j DO
12 calculate Angle_j which is angle of three vertexes which are Vec_Pnt3d_i(j), Pnt3d_i and Vec_Pnt3d_i(j+1)
13 add Angle_j to Vec_Angle_i
14 Total_Angle_i += Angle_j
15 calculate Length_j which is length between Vec_Pnt3d_i(j) and Pnt3d_i
16 add Length_j to Vec_Length
ENDFOR
17 FOR each j DO
18 Vec_Angle_i(j) = Vec_Angle_i(j) / Total_Angle_i * 2 * Pi
19 calculate Vec_Pnt2d_i which stores coordinates of flattened adjacent vertexes by Vec_Length_i and Vec_Angle_i
20 calculate f_i which is linear combination relationship between Pnt2d_i which is related to Pnt3d_i and
Vec_Pnt2d_i by Pnt2d_i, index_i, Vec_Pnt2d_i and Vec_Pnt3d_i
21 addf ito Aand B
22 calculate Vec_Pnt2d which stores coordinates of nodes in a planar pattern region by solving the sparse matrix equation
AX =B
ENDFOR

ENDFOR
23 FOR each i DO
24 IF Vec_Pnt2d(i) is not on the boundary THEN add (i, Vec_Pnt2d(i)) to PIn
ENDFOR
END
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Figure 3. Map whole facet surface using linear interpolation
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Figure 4. Example of shape preserving facet surface flattening
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