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Abstract: This paper analyzes current mesh simplification methods, and proposes an algorithm based on the
quadric error metric (QEM) for feature preserving. It adopts a Half-edge collapse method for mesh simplification
and modifies QEM to remove the discontinuities of appearance attributes. By analyzing the relationships between
vertices and the discrete appearance seam, a new formula is obtained which enables the edge contraction to
postpone the appearance; meanwhile a proper replacer is selected for the wedge in the triangle that has been
affected by half-edge collapsing operation to avoid material distortion. Experimental results demonstrate that
author’s algorithm achieves a similar high efficiency as QEM with desirable geometry and feature-preserving.

Key words: mesh simplification; half-edge collapse; progressive mesh; the quadric error metric; feature
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Fig.1 Texture coordinates of a triangle
K1 =MIET A RIS AR
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Fig.2 Anemerald model with textural seams Fig.3 Aberrances on the emerald model
2 NGOG ST A R 3 SRR RRLAE RS AL 0 R AP
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PraAQo AR R 5 a3 TR I B AU 0 2 SR e SO
Cost(v,,v,) = Dist(v,,v,) + a - IsSeam(v,) - (1 — IsSeam(v,)) 2)
oA Dist(vy,v)=(0s+0) v, A EL IsSeam(v) 7€ LK
LAV HEEE R
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Fig.4 Half-Edge collapsing from an internal point to a seam point
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(@) (b) (c)
Fig.5 Half-Edge collapsing from a seam point to a seam point
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T (ve,vy) /& 15 9 $e 8830 mT LB G BUF J7 vEREAT AW i s 4R 5 1 (v v) SHAR I = M 0B e AR G oA
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v XTI wedge AN [, (v, v) A 28810, I 2 WIS
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(VarVis Vo) B (v, vy, v), e BB wig T woy 7 TR v, b AN BIELE (1) wedge 5 2 B 45, 4 5 BUHL G2 AL ASE R 1) A1 W 2 Wi
A MR GE v,vev, TRAR R 0 T 2R B 1R R, AT R T $r AN AR SR W AR AN 2o ol B A
@)W EHTE XN
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LAV X A
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G HECM)F B & viov, L KR % Dist(viv) IEURE NS Dist(v,v) A IR 3558 3R W, 40 K 2 $01)
Dist(vi,v)) A 45 KT W5 18 Dist(ve,v,) (CREBE 1 508 78 T SCid i), Btk b 7 4k o 35 n] 7805 X (B) I 20 R, &
Cost(vy,v)>2Dist(ve,v,) H. Cost(v,,v,)=Dist(v,,v,)+a, W] a=Dist(vy,v,).
R MR BRI R & Ky S8 B Low, b, MBS R P AT 3 5 B B 1R P T H AR & KT Pw?+ 4
Max =12+ w? + 2 I

Dist(v,,v,) = Z Area(t) - Dist(v,,t) + z Area(t) -Dist(v,,t) < z Area(t) - MaxDist + Z Area(t) - MaxDist

teTri(vy) teTri(v,) teTri(vy) teTri(v,)

IsCross(v) = {

)
= MaxDist [ z Area(t) + z Area(t)J = MaxDist - (TriArea(vS) + TriArea(vl))

teTri(vy) teTri(v,)

Hrp | Tridrea = z Area(t) 725 T v AH R = A T B H AR 2 F1. 34114 ool MaxDist-(Tridrea(vy)+ Tridrea(v,))

teTri(vy)

H.azDist(v,,v,), N &

Cost(v,,v,) 2 2Dist(v,,v,) 2 Dist(v,,v,),
(i) AR LR 3 T s 6 DB 2577 LR AN AZAH. Dist(vi,v)) KT 2-Diist(v,v,) 24T B 8 AE LUM R 2% ©
28 SR K, 2 7 S R AR D 5L R T B A KT Cost(vy,vi) 2 BRIV, 5256 45 RIS IE T AT AL,

B NG R AT B )42 4% s, JAT T I A 1 X RN O A% AT S B A BRI AR R e AR AR, B
A= o 1 5 A8 S A R SR TR AIE LU 8 0 Tt BRI, A Sk 58 SR T 78 B 4 e 10 465 0 o . B 5K
8,4 30 202 vy, HIHT 21

Cost(v,,v,) = Dist(v,,v,) + a - IsSeam(v,) - (L — IsSeam(v,)) + & - IsSeam(v,) - IsSeam(v,) - (1— IsSeam(v,,v,)) + ®)
2a - IsCross(v,) - IsSeam(v,)
Hrp a=MaxDist-(Tridrea(vy)+ Tridrea(v,)).MaxDist FH W4 #% 155 704 (1) 40 [l 5 e 32, 70450 Y 52 N W) 11 5 76 DR i A 78
T, Tridrea(v)55 15 TR B IO = TE A Z RLAERAT veov, Ja, S TR v AR = AR IF AR S v, M1 5CH)
=AY v MO =M B AR R A (Tridrea(vy)+ Tridrea(v,)).
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3.1 ¥iE%EWM
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BT — A wedge, £ & T AARR K JLAR AN LIS 1, a0 SR AR bR texCoord 511 normal. U color; JG # AR
A R ASE AL o T IR B O R P AN LT & — > VertexData ¥ AR 5] kK R VertexData 1 1)
wedge.IndexData HAHAR 1) 3 A H 70 — 4 A RE —N=AJE, LA R oRE =M B —AAA.LIE 6(a)
JIT 7 BOARES SAg 45, L 56k W ) VertexData A1 IndexData A L& 7= 2 B 6(b) H I 45 #4.

V3 Ws

VertexData:
Wo Wi W2 W3 W4 W5 Wg W7 Wg Wg Wi
Vs " We Wa coord o[ vo | vi| vo| va| va| va| vs| vs| vs| va
Wi w3 texCoord |1cq| ter| te, | tes ] tes| tes | teg | teg | teq | teq | ter
" normal o | 1o | o | o | mo | mo | mo | mo | no|no | no

“ IndexData:

VAT R S
Vo v Wo wa

miangle [0]2]8]2[3]8]9]4[5][5]6]9]10[1]7]

<

)

3

(@ (b)
Fig.6 VertexData and IndexData of a mesh model
Kl 6 MRSHIRIN N [ VertexData FiI IndexData

VertexData 1 IndexData %5 A4 AN X 27 kg AR B 1) Tol e Ja8 1 AN T s 2 18] (R 3ZE 4 00 R IR I i B b A 5 7
PO A% A 2R e T e ] DA B T A 5 = A T (R IR AR 48 06 R R T il R S B0 0 s 17 4 925, AT TSI T 3 AN ]
Beds 45K PMVertex,PMWedge Al PMTriangle >k & 3 3 7R X 88 )L 56 &

PMVertex 37 WA AR IR (1 —ANTH s, 22 — AN 1L G4 (geo,quadric,area,cost,to) (W 7 FrR), A cost Fl to
I3 MR B AT B A R B A 4T B 2% i 8 1o 3K P AN B RE HEAT P 1 47 B 454 . PMWedge XJ Y. VertexData 1]
—A~ wedge G, 72— 04l (reallndex,vertex). FEAN MR W w JE—A~ PMWedge, U] w.reallndex J& w 1F
VertexData H1ff1& 51, w.vertex &~ PMVertex, 4 w %F 1 {15 55 .PMTriangle 7 WA B8 i — A=, &

ANZTCH (wo,wiwo),3 AN ERTEET Sl PMWedge, LI BT 43 535 B = A1 JE L ¥ 3 4> wedge.

PMVertex
]

geo | quatric | | area | | cost | | to |

[ [ [ |
| coord | | faces | | wedges

neighbors

Fig.7 Structure of PMVertex
Kl 7 PMVertex 45

AT B BRAE 2 00, BATTK VertexData Al IndexData #£4k 3% 3 AN $d 4544 11 % 75 B 3 - PMVertex %)
vertices,PMWedge J751 wedges LA J¢ PMTriangle J¥51 triangles.
3.2 EZEEN

TEV 03T & u—sv TS AR I TR SE AL 47 & 1 P9 A o 201 quadric T4 8 B 10— R 2,
R G 0 ) B A I R R AR YO0 R I NS T B A UOR AR AR T RAT N vertices S A AR MR 1)
PMVertex H 4k H 41 S0 S5 /NI TS, 0, 0T u—su.to, H BIE BIFAHAE B IR 11560 F B n AN T
R W FWE I TR vertices JF AN TCHERIRAT cost /NI A T8 A5 IR 35 AT R 14D I 1] 52 2% 35 A
O(n), 33 X5 3 B it FE SR Ui AR H PTG T AR S 2R () 52 2% 18, TRAT TR F dsz /N HE K 3R AT cost o /ISR T D81 g 4
AR I IN 8] 52 22 B B (K3 O(lgn).

3% 1. ComputeCollpaseCost(u,v) 4L 5.
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AN AT B LRI R u F12 5y,

i 0 NI PR A B AN

1. Q = u.quadric + v.quadric

2. dist := Q(v)

3. If IsSeam(u) then

4. o := (u.area + v.area) * MaxDist
5 If 1sCross(u) then

6. cost ;= dist + 2a

7. Else if IsSeam(v) then

8 cost :=dist + o

9

Else if IsSeam(v) and !IsSeam(u, v) then

10. cost ‘= dist + a
11. Endif
12. End if

13. Return cost

—YHIDP B uov 53N 8 MU

1 ORAFHT Bkl AL B AR T A5 DR A 3k B T st () B AT B AN S TE T B 5 0, FR Bk

2. ¥ u AREE = M2 UM 25 BN R 1Y removal 854,35 B 11 wedge Bl B 0 1) replacement S

3. MM ERIY wedge -4k G I (B BIVER 5 AN 2575 | RS A0 iy A%

4. ¥4 removal £, 1¥) PMTriangle MHRR, H-38 AIAH DG T, B 30 4842 = #1 JE 42 5 vh NS

5. M replacement F#AH N 1) PMWedge, 4 A A G 1, UM v.geo.wedges H BEALIE —1;

6. KB i) PMWedge M wedges HMIBR K5 replacement 1) PMTriangle 73 0 2 T A5 v (4832 = M 1B,
I 5B T 52 5 A P TR (R B2 K &R

7. BT AL u I8 quadric RARC AR AR EmEl v b
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Table 1 Multi-Resolution construction time
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Running time (millisecond)

Models Numper of Nu'mber of M-QEM M QEM
vertices triangles . . X
algorithm algorithm algorithm
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Geometric error
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Fig.10 Textural errors Fig.11 Sequence of approximations of the emerald,

agate and Cyrtospirifer rudkiensis
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Fig.12 Further simplification of emerald model
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