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Abstract: In additive manufacturing, reverse engineering, and other fields, many triangular mesh
models were used to process big data. To facilitate storage and improve processing efficiency,
simplifying the mesh model was necessary. However, conflicts existed among feature preservation,
simplification rate, and simplification efficiency in mesh simplification. For improved balancing of
results and efficiency of simplification, a method based on curvedness was proposed to compute new
vertices more precisely. In addition, a method based on the max distance was proposed to compute
collapse cost efficiently. The edge collapse was adopted for preserving the features of boundary and
non-boundary feature regions, and the triangle collapse was applied to simplily the non-feature areas
efficiently. The mesh regularity of the simplified model and the deviation between the original and
simplified models were used as evaluation criteria for mesh simplification. Extensive experiments
demonstrate that the mesh simplification algorithm with hybrid collapse can effectively preserve the

features of a complicated mesh model with fewer errors and moderate efficiency.
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Tab. 1 Statistical data of Bunny simplification by different methods of new vertex computation

ES R/'% Ny T/s i/ mm i /mm dsp/mm drvis/mm
BN SES 60 24 658 20. 470 0.851 1 —8.002 6 0.063 2 0. 064 2
90 6 726 28.018 1.760 7 —8.9280 0.202 2 0.221 6
O E 60 25 106 8. 740 0.801 9 —9.316 2 0.081 1 0.084 3
90 6 790 24. 180 1.323 2 —8.8819 0.284 3 0.3325
i 3 e 1 60 24 418 22.156 0.8017 —0.837 1 0.059 6 0.062 4
90 6 310 32. 230 1.344 1 —1.2521 0.249 1 0.286 5
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Tab. 2 Statistical data of model simplification with different collapse costs

Y ES Nr ENER /% B 8] /s s /mm dvin /mm dsy/mm dryvis /mm
Bunny & KA Bk 6 310 83.98 35.55 8 1.344 1 —1.252'1 0.249 1 0.286 5
QEM #: 6516 85. 49 43. 385 1.397 8 —1.077 4 0.212 7 0.243 3
Hand R KIEE % 8 906 86. 37 37.536 0.589 3 —0.573 0 0.0918 —0.0575
QEM 8 388 87. 83 50. 763 0.614 2 —0.5138  0.0920 —0.057 2
Horse & RHEEE 14 630 60. 88 64. 430 0.432 7 —0.272 6 0.0714 —0.0388
QEM % 13 488 62. 37 91.377 0.372 3 —0.310 3 0.0693 —0.0389
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* 3 DBunny #2 Bk &1t #3E
Tab. 3 Statistical data of simplification of Bunny

LES R/% Ny EN /% I 1] /s i/ Mm doin /mm dsp/mm divs /mm
SCHK[8] 60 27 004 87.50 34. 790 0.734 1 —0.608 7 0.056 4 0.057 9
73 18 872 71.57 16. 360 1.945 1 —1.658 7 0.135 3 0. 1407
SCHk[12] 60 23 608 89.52 55. 504 0.568 8 —0.603 6 0.077 4 0.083 7
90 6 900 80. 25 77.165 1.8419 —1.525 3 0.346 2 0.416 7
SCHRC11] 60 23 032 90.73 24,110 2.834 5 —1.916 3 0.157 8 0.162 6
90 6 868 73.06 36. 870 6.690 8 —6.841 3 0.617 6 0.657 8
AR 60 24 418 91.73 22,156 0.807 1 —0.8371  0.0596 0.062 4
90 6 310 83.98 31. 230 1.344 1 —1.252'1 0.249 1 0.286 5
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Fig. 9 Comparison of simplification of Standard Bunny by different methods (90 % simplified)

ME 9 Fig 3 W LLF . SCHk[12 ) Fi A SO
TR T 4RI T A S TR RS DX DR R
U o AR Sk [ 12 ] 530 0 2 8 e 1K ELARE A8 = ffy 1T v IE
WA 2% . SCHRC 11500k BOAR AL O i i 0
JE N B AT LA L B AR PR R R R L R AR
RURFIE KSR A T RERASIE . A SCHIEAE 20715 R
TEARFE b b SOk D12 )2 b, HOAR RVE 3 50 3 Y

R

-1 0525 3 e
FH-IS SR S
R0 1

HMS estmaie 416 7 mm

(b) 5Kk T7 1%
(b)Method of Zhang Xin

FE 020 T 14T S
TR A |
RO estimane 1.286 5 om

(DAICTTH:
(d)Method of this paper

DX AR A7 585 BB A R B 1k 30 DX 8 aek B 3 52
b, ARSI AN K RORIE

P SCRRL8 15k SCik 11 15k Scimk [ 12 )57
2 DA TS S B X Ll . SR B — Y AR
2k LA TR B 5 A5 5 7 1k 3R /N 9 fRT i 25 L T AR
SCH R AE T A BT B I A 7 T 50 0 IO B P I 4y
AR e ) DX IBAS % 77 Ak SR 4 o B AR



980 e KE® TR 27 %

7.3 AN EEEEE RN S

R Y E AR SCR R W R AL BOR L X  EE A
4 4E Bunny ,Bunny fLiA# %  Hand ., Horse £
RIPEAT T R4 AL B, 18] 10 45 155750 40 B A 90
BOR . B 10Ca) B & 4 B 400 FEAE ) Bunny A%
T IR AR R TR, 40,5 34 834 ANTH A .69 664 4> =
FAT A5 & 10 FE 10 (o) K it 60 % .90 %
)18 1k Bunny 8 ; K] 10 (d) Bunny FL IR A #Y
JRAR AL 40 B 33 233 ANTHLE .66 302 4 = il
A3 10 Ce) FE 10 CH M fai b 60% .90 % HY
Bunny FLiF R, 10(g) & Hand ¥ &Y 4 5L 4R
BORL A9 5& 45 279 AT AL 90 554 A =1 f

& 10Ch) FIlE 10 G R il fL 2 60 %, 90 %6 /Y 17 4k
Hand #5785 & 10(j) Horse #5581 i) IR i5 A RS, 615
74 387 AT 148 762 A = ATH s B 10 (k) A
K 10D R AR 60 % .90 %1 faifk Horse FHY,

M 10Ce) (& 10D (& 10G) & 10D b
7 W T AR AR R R DL B RS TR A AR
A LA AR AIE B Y A 2 T AR 2 AR TR AR S
B B RS R L I LA ) 40 1 R E T R R R 1
e LR FE BRI A, R A PR
B E5CHE A BB s L TRV 1 TR A R AR R L A AR Ry
A5 S BT AT

R4 BREHLEITHE

Tab. 4  Statistical data of simplification of models

T R/ % Ny T/s FENR/Y due/mm dvin /mm dsp/mm drvs /mm
Bunny 60 24 418 22.156 91.73 0.807 1 —0.837 1 0. 0596 0.062 4

90 6 310 32.230 83.98 1.344 1 —1.252 1 0.249 1 0.286 5

Bunny (FLIA) 60 23 468 17. 217 91. 90 0.8705  —1.0250  0.0461 —0.035 2
90 6 248 23.596 84. 07 1.367 8 —1.057 3 0.2388 —0.156 9

Hand 60 31 492 38. 965 94.41 0.301 7 —0.164 9 0.0163 —0.010 9

90 8 906 86. 370 37.54 0.589 3 —0.573 0 0.0918 —0.0575

Horse 60 50 791 44, 260 69. 34 0.099 5 —0.104 4 0.0146 —0.0087

90 14 630 64. 430 60. 88 0.432 7 —0.272 5 0.0714 —0.038 8

() JF R BRI (69 664 AN HD
(a) Original model (69 664 triangles)

() JFHRIEAL (66 302 AT )
(d)Original model (66 302 triangles)

(b)faifk 60 %
(b)60% simplified

(e)fAjfk 60 %%
(e)60% simplified

() itk 90 %%
()90% simplified

(DfEifk 90%
()90% simplified
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(@) JFHABERL (90 554 AT H) (h) faj tk 60 % (O faitk 90%

(g)Original model(90 554 triangles) (h)60% simplified (1)90% simplified
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7S
A=)

s 7

50
o
V< A\‘}A,-‘! ]
A2
M4

"

D JEIR LT (148 762 1 A (k) itk 60 %% (D 90%

() Original model (148 762 triangles) (k)60% simplified (D90% simplified

P10 AR SCH i X 2% 552 M A ) 7 AR 2R

Fig. 10 Comparison of simplification results of different models by proposed method

7.4 BUEEEHERREET WA SRR, . A A T RN 0 Y R A JBOK % L
R AR T AT S XA A S BORA RS ST nT DL R B TR A S AR AR A 40T R R R ER
Wi, A S VO+ + iR SC A RL B U 3D FT AHAR AT, 4 fh 0 A L (4 A1 00 3 2R A KR A 82 mi
B A 4 )2 B R AR TS Bunny B8 7E
3D ATEN A BEACR AT . R 5 AR
& Bunny 7 4b 4 A R R 57 Ak 5 90 26 T RS AT
TR 2 B B I )RR X L, SRR A AR AR i g OURILR 90 RIALE AL /s
B« 9l 8 Ak 5 A B 2R R K b 4R R T BT AR R
BOR, BEA B 11 A T AL RS 19 Bunny A B /s  6.373 0 1.147 9 5.225 1
RUAE AR 2 505 B 254 T i3 FDM T EALET Ep A f /s 18,510 9 2.0850 11.4259

& 5 DBunny 3D $TEN R B G it #04R
Tab.5 Data of 3D printer of Bunny

o) JEURG S Y 1 365 25 8L (69 664 1 THT J1) (b) fa] PASE A i35 45 2R (90 24 fif )

(a)Fabrication results of original model (69 664 triangles) (b)Fabrication results of simplified model(90% simplified)
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527 &

(o) JRUEA Sk B 2 15 P

() Details of head in original model

() i fAE LS s 2 4
(d)Details of head in simplified model

11 fA4LTT S Bunny BRI STHR0R

Fig. 11 Comparison of fabrication results of Bunny
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