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

Joo, 8. 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. [n 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 simufation to be applied (o \he 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 2-map data for a
workpiece.
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Fig. 2. Global mesh decimation for each tool movement.
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Kig. 3. One-fime mesh subdivision and decimation,
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(a) (b)
Fig. 10. Vertex temoval methods (a) sequential removal
method (b) random removal method.
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Fig. 11. Relation between display times and region sizes.
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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 1o error allowances

) e: 0.01 e: 0.01 e: .05 e 0.1

Z-map s: 00 s: 20 s 20 s: 20
No. of faces 9996000 (100%) S800968 (58%) 4968194 (50%) 4604058 (46%) 4020066 (40%)
Display time(sec) 156,38 (100%) 120.31 (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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Fig, 15, Rough and finish cutting simulation for a mouse
mold.

6.2 AHE S0 M4t A Fat 7R o

Fig. 1502418} 2ke] npe-2 o] Ae] A2 F3&
Ao A RE] Aatel) o]27)7bR] A FHA el AH A
o)A Felsle Bl YFEIe A T
Apeke ghet #Hake} Ao} FAF THEES
140 mmx 100 mm®] =71 224 | mm 7H4 9] A=A
ol A&t z-map HlolE1E YA AMLsl9 L0,
o4 ziEElr) Agg 7 TR g2 gxge] =
£ eslde 7o) ARl NC 2282 F

Table 2. Effect of mesh decimation according to decimation periods

e: 0.05 e: 0.05 e: 0.05 e: 005 e: 0.05 e: 0.05
z-map si | st 10 s: 20 s: 30 st 40 s
¢ faces 9,006,000 4217932 4474038 4604058 4,698,151  4.820,145  5,800.968
No. of faces (100%) (42%) (44%) (46%) (47%) (48%) (58%)
Dislay i 156.38 126.04 102.84 105.22 108.20 108.81 120.31
isplay time (se¢)  /jnng (81%) (66%) (67%) (69%) (70%) (11%)
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Table 3. Variations of the number of faces and the display time with respect 1o error allowances

7.ma e: (.01 e: 0,01 e: 0.05 e: 0.1
P 5 o0 50 20 s 20 st 20

. 2,88 10 2,85 10¢ 220X 10° 178 X 10% 1.54 % 10}
HNOS ok faces (100% (99%) (77%} (62%) (53%)
Display time (sec) 6.106 7226 5,744 4926 4.825
splay (100%,) (8%, (94%) (81%%) (67%)

No. of Faces
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Fig. 16. Numbers of faces displayed for each frame during
the mouse mold cutting simulation.

10,2737ke] FF ol F W& g3l glet

6.2.1 3|& QX0 2 ALY Z2 83 C|AZY
o] AlZH

A7 A F7)18 2008 TR 4 LAE
0.01, 0.05, 0.|Z WA FIHA o]l wh2 v AT o]
X Z 2| 7lpe} 4 Azke] WS A ®}
ot 2 A= Table 30| Wb} gi5e) 84 221}
F58 A9 A} HaFH o] Al Fasid.

AlgdelAde] AMA HH JaZeo)f w2
Ng2) H2}l Fo)E AsiBA Fig, 6ol Vel A
2ol AR, 3 GAE derd 27| 2000 &
Fo] ololl siwdEich Fozl 34 g ajol) dh3jed 4}
7y A28 Al oA A Fole AL Ut

Timw g3ech

a1 . BT

D'iﬁ55%5%5%HEH?§%§§§§é§§ﬁ§%§3§§%f§é_
SUep
1200 2205 1

{ —<lrzamep Tiiialr ls ¥

Fig. 17. Display times of each frame during the mouse mold
cutting simulation,

el g fA]dic), =8} Fig. (7o) 9) 3te} o] A%
olel] 285 AIZLE &AL DAlo vl Al A
oA @] Fe AL £ $ dd.

v G4 e HolEw 713e] Aol o
g 44 9 agyeo)Ee W A} gAEe,

Fig. 170149} Zo] i 2Z e o)o] £2HE S
3hab Aol w)a} Yato) AaFmA H3 kAl
AL B 4 Utk Fg 1700A 74 2 2o 7hgdf )
= HE AL 529 oHE F7) A o) 20779
HEFE 78] g ze] FolE vjehd Aelu}

7.d B

2 oM e A e 71EE ol8slo 3%
NC 93 zpde] AAIE A gHe]de] 55 4
Ae MEF WS Alksldo, of gL wA,
z-mape2 AT Habgal 242 Jlde o4
I 27)e] & dHer RN F 7 g s
A8 A E Fo43 #HE 2.3 3 el Mz
HYAA 25 Z2Z F 2 2SS A, F
T7F 2 4ol Sl A AR 7ad v4=
22 F7F o] Sl o8 A z-map ®}
2 T8 b S ke oo a9x Iy F7)
ohet z-map el R 22l Bl ¥ e 3
& g wY3EF sl o) uhg-E A& e
A Z2)e 3l 7ha Ad S Y3 F o] B
g w7 A z-mape e} FA A e A
A3t T8l ARG 4t 571 wl2e) sl=g)
o2] Aol AAlgle] A} A Eeejde] 4% g
g 7S ¢ ol el =8t s 25l
YA F7NE z-maplE FUH ed el dsA FFa
2td-S el AAH Fo2ZA Astslorhe Wi &
=& o] 1A= F sojele)

vt #ae] Z2 g oS gL )
A8ME o5 e o] §F o|Fojxof
Heg R}

A, P2 A3 9 winged-edge AHR F=

FZTCAD,/CAME S| =23 A5 A 4% 200009 129



358 FAAE, o) i

£ d9Hos 7)o Bas A4 Hade) A
kg TR} B 48 Bopol M AR
E4HolelT & 4 gok. Webd BENL Mo ¥
o17) HME 2 w4 2 Aol s HHe
AR F2E TUY D8 AS

A, dode) 2719} A7 e 4l 718 ol
7 NC Z223el) B8H0) HES Aol 58
o1 Aol A F whel el Wasit

A, G2y Aol e Hel SYA Wy
olch. 2=k Walsh Ro) BA THNNS) HE
2R F A4 NSk ARG WA B A
Teiskd A2AZE AR B AE £E9) e 2
AE A5 Ak o] ARl Balg
4 gleme o|& 3718 Wast 9L Aeld

Al #

2 AT (FERH I XYL ol £AE
2o BA R} R A A} =G

=t

1. Choi, B.K., Robert, B. and Jerard, R.B., Sculptured Sur-
Jace Machining, Kluwer Academic Publishers, 1998,
2. Van, H.T., “Real-Time Shaded NC Milling Display”,
Proceedings of SIGGRAPH '86 in Computer Graphics,

Vol. 20, No. 4, pp. 15-20, 1986.

3. Huang, Y. and Oliver, J. H., “Integrated Stmulation,
Error Assessment, and Tool Path Correction for Five-
Axis NC Milling”, fournal of Manufacturing Systems,
Vol. 14, No. 5, pp. 331-344, 1995,

4. Schroeder, W. )., Zerge, J. A. and Lorensen, W. E,,
“Decimation of Triangle Meshes”, Proceedings of SIG-
GRAPH 92 in Computer Graphics, Vol. 26, No. 2, pp.
65-70, July 1992.

5. Cignoni, P., Montan, C. and Scopigno, R., “A Com-
parison of Mesh Simplification Algorithms", Conput-
ers & Graphics, Vol. 22, No. 1, pp. 37-54, 1998.

6. Hoppe. H., “Progressive Meshes”, Proceedings of SIG-
GRAPH 96 in Compuser Graphics, Vol. 30, pp. 99-108,
1996.

7. Hamann, B., “A data reduction scheme for triangulated
surfaces”, Computer Aided Geometric Design, Vol. |1,
No. 2, pp. 197-214, 1994,

8. Lee, K., Principles of CAD/CAM/CAE Systems, Addi-
son Wesley, 1999,

9. Wright, R. S. and Sweet, M., Openg! Superbible, Waite
Group Press, 1996,

10. Woo, T. C., “A Combinational Analysis of Boundary

EIFCAD /CAME S =57 A5 Alaz 20009 129

12.

Data Structure Schemata”, IEEE Computer Graphics and
Applications, pp. 19-27, March 1985.

CSFE, ANY RE, F94, CONC 28 Yels)

Adgke] CAM Al28) 7, 35 CADICAMEHS =
4. Vol. 1, No. 2, pp. 150-157, 1996.

ol whEa “Heel angle 33} 28 €l B
°]E2] 5% NC 7} "lele] 44”83 CAD/CAME}3)
573, Vol. 4, No. 2, pp. 110-120, 1999,

, ZAE, MM, “STEP-NC2) #)%) 78} 2374= 4

23 3 RA”, EF CADICAMEE] =23, Wl 4, No.
4, pp. 295-311. 1999.

AN, A9, RT, 28T, 2AE, YA, 2%

?, "CNC Shop Floor &3 #94 o153 CAMA
28l (PosCAM) A, 812 CADICAMEHS] =53], Vol
4. No. 4, pp. 339-349, 1999,

ol s, v, 7IE s A A4S o4 NC

24 Sige] el AlEReld”, 15 CADICAMEE]
54, Vel 2, No. 3, pp. 161-174, 1997.

F 48

1998\ IR V1A T8 A}
1999 3-8 A Hfda) |7
A4 Lok CAD/CAM NC Simulation

of & #

1986:d Mgzt w 7] A) A 2k At

1988 A2 ehae 71 A d A ek M4}

1993 M2 8T 7| A AL Ga}

19933~ 1995 =)D 7]gdFa w4y
q47+4

1968~ A IRt AT =
o

FHJHok CAD/CAM. Solid Modeling,

Design, Car Body Design

% 2 ¥

1986 MR A7) 3 B

19891 AFshel7|edd 7] 9 A2
3 H4}

19964 =Rl A7) o AxEw
T A

P 1997d-1990d (el R AT

20004~83 71 AW TE2A] o Fola}

FHYEok: Geometic  Modeling, Compu-
1er Graphics, Muchine Simulation




