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Mesh Decimation for Polygon Rendering Based Real-Time
3-Axis NC Milling Simulation

Joo, S. W.*, Lee, S. H.** and Park, K. H***

ABSTRACT

The view dependency of typical spatial-partitioning based NC simulation methods is overcome by
polygon rendering technique that generates polygons to represent the workpiece, thus enabling dynamic
viewing transformations without reconstruction of the entire data structure. However, the polygon ren-
dering technique still has difficulty in realizing real-time simulation due to unsatisfactory performance
of current graphics devices. Therefore, it is necessary to develop a mesh decimation method that enables
rapid rendering without loss of display quality. In this paper, we proposed a new mesh decimation algo-
rithm for a workpiece whose shape varies dynamically. In this algorithm, the z-map data for a given
workpiece is divided into several regions, and a triangular mesh is constructed for each region first.
Then, if any region is cut by the tool, its mesh is regenerated and decimated again. Since the range of
mesh decimation is confined to a few regions, the reduced polygons for rendering can be obtained rap-
idly. Our method enables the polygon-rendering based NC simulation to be applied to the computers
equipped with a wider range of graphics cards.

Key words : NC Simulation, 3-Axis milling, Real-time simulation, Polygon rendering, Mesh decimation,
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Fig. 1. A triangular mesh generated from z-map data for a
workpiece.
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Fig. 2. Global mesh decimation for each tool movement.
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Fig. 3. One-time mesh subdivision and decimation.
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Fig. 10. Vertex temoval methods (a) sequential removal
method (b) random removal method.
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Fig. 12. Numbers of faces displayed for each frame during
the rough cutting simulation.

Table 1. Effect of mesh decimation according to error allowances

e: 0.01

z-map o oo

e: 0.01 e: 0.05 e: 0.1
s: 20 s: 20 s: 20

No. of faces 9996000 (100%)

5800968 (58%)

4968194 (50%) 4604058 (46%) 4020966 (40%)

Display time(sec) 156.38 (100%)

12031 (77%)

107.86 (69%) 105.22 (67%) 93.04 (59%)
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Fig. 13. Display times for each frame during the rough cutting
simulation.
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Fxg 15 Rough and ﬁmsh cutting simulation for a mouse
mold.
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Table 2. Effect of mesh decimation according to decimation periods

e: 0.05 e: 0.05 e: 0.05 e: 0.05 e: 0.05 e: 0.05
z-map s 1 s: 10 s: 20 s: 30 s: 40 s:
No. of faces 9996000 4217932 4474038 4,604,058 4,698,151 4,820,145 5,800,968
0. of faces (100%) (42%) (44%) (46%) (47%) (48%) (58%)
Display time (scc) 13638 126.04 102.84 105.22 108.20 108.81 12031
1splay me {S¢€) 100%) (81%) (66%) (67%) (69%) (710%) (T1%)
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Table 3. Variations of the number of faces and the display time with respect to error allowances

e: 0.01 e: 0.01 e: 0.05 e: 0.1
Z-map §: 00 s: 20 s: 20 s: 20
N f faces 2.88X10* 2.85x 10 2.20 X 108 1.78 X 10 1.54 < 10*
o. of faces (100%) (99%) (77%) (62%) (53%)
Display time (sec) 6,106 7,226 5,744 4.926 4,825
splay time (sec (100%) (118%) (94%) (81%) (67%)
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Fig. 16. Numbers of faces displayed for each frame durmg
the mouse mold cutting simulation.
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cutting simulation.
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