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Mesh simplification algorithm based on control point error control
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Abstract: In this paper, a mesh simplification algorithm based on control point error control was introduced. The first
control points are the center points of the initial mesh triangles. The second control points are the vertexes of the characteristic
lines. The distance between the control point to the under control triangle is the error between the initial mesh and the
simplified mesh. The triangles are collapsed in order according to the weights of the triangles. The triangle collapse operation
should meet the requirement that the distances between the control points and the under control triangles are less than the
threshold value. Finally the validity of this algorithm is verified by the experiment.

Key words: control point; triangle collapse; error control

gl,__\: {”0,1,7}0,2,"',1}0,,4)} ,?ﬂﬁﬁ‘zﬁﬂ%%% To = {to,lyto,zy"'a
a8

=AY PR AR A R R R R B B LT R A9
IR Y RERE | | 85 AP P = MR AN TR, R (AT AR L
AR R, RIEA R 816 B A & MR : KA
R NIRRT TR R TR
FowMERE N EAREEY  SIARFEREMBTER
S BT ORI E M A = ARTREE %,

ARICHR H — b LA = T 37 B N B A A 1 U T AL B
%, LA gR PIAR ) = MR O AR SR — 2 i, DA AE
PR TR AR 5 — 25 ., 7E PG P 143 e A M — o
R ZER =M, B =M RA S —RER AL S 58
ZREH REE . LER RS RAE =M Z E R B R AR
iRZE AP e BRI M S R E =M Z B BB 8 R
PR, MRAESUER = MAE, B RIUF T = AT E R
1, T8 BT TR A PR R A POA% Lo fa] AL AR AR S5 20
W A ) B R A = AT B BE B/ T B

1 EARBRS

EX1 =AEMNEMETEESV = {v,0,,0,]
M=MAEEET = {t,,t,, ¢, } FrEK—JudH (V,T)
FN, ZARIBAEA RAET SAHERE, —KAREZHEE
RN =ATIE ., WEMBICE M, MRTUEES Y, =

W% I 89 :2006 - 11 —02;#&1T H #9:2007 - 02 - 06

EER/ N REH (1975 - ) I LR LW TE A, FEHFIEr 1 TS 0 5 R B 5

tO,mO} o

EXN2 ZAERBHLL v, TSR = AT R ES
FRATUR v, MHR=ZMAIEES C(v,) Lo, AR =ATE
M EFRA v, KB, iEN 1, o

EX3 ZAEMBASE ¢ BEADTEMERN=AE K
A HRAN=ZA ¢, WHX=ATRES C(1) -

EX4 = MEX=AFES C(,) BEg M=
T, = ki AN, PR X, ERNA, 25T
Ul X FEEB RN N K P(N,X) ESCh=/AE
& C(1;) WP FmE

g

Y4y
1v=’=‘g—,1v=|—N| (1)
A,
Y (X, -4,)
X==—- (2)
A,

r=1

2 EH RHER
A LR , ARG A = AT 1 AR 4 — S
B RRZ T to, WL SRR ve, , ve, TERD IR AR

EHR(1957 =), 5, BHLRBA,

BBz, WA W, EBBTTET AR TR S (1962 - ) 55 LB RIBUR , EZBETE05 1 LT 24 TR



5%

KBHE AT EH SR E K 0 M Ak

1151

XL =FTERIR 1, , H—RERREEILH VC = e, ,ve,,
e ven | o TETRALIIME A A ME— X R =M TE,
WRZER RNZE=AE . S0 =AFEE SRR
RES,ZAE  NE-RKEHAESIEHN, VC(1,) =
{”cc(l) sVCo(2) 5" sVC,(y) b VC,(r HZE=/AFN t; , M
W= 1, IR —RERAEE VC(1,) = {oe} o RS
DC = {de, ,dc,,"+ ,de,o | IRFRF—FER RBIHZE =M
HIBERS, Ko de; O ve, BIRE=FATE 1, FIEER,
1 S

e PR R AL 72 P LR B AR RIAR HRAE , LARD 45 P A 4
MESI TR R R SR — R4 R, S R BRI R ERIL N VE =
{ve, ,ve,, - ve,, | o QN2 PR, MR RIRE ZATE 1., 5 1,
HREREE, IR 10, 5 1, ZIEHIRA/NTEIE 0,3 (v 4 ,4)
HFFAEL, TR, 06,1, 5 0o, A IREERI R0 ¥ 0o 5 v, TN
At B 1, ISR ZRAFIE RS, TUR REEMA— 1=

TEHISE —RAFERESR

B2 il

BIMN=ARES RERAES, 1« WE_RKER AL
HI1EH VE(t,) = {ve, 1) sve, ) 500 s 0, | SEEHM ve,,, HJ
ZE=ZFHFR N, . LIES DE = {de, de,, ,de,, | ITHE
TR SRR ZE=ATE N RBEER , K de;, H ve, BIHZ
BE=MA 1, WRBEERE ., R ve, BIHZE=/A 1, BIEKX
BEE N de', \RBBEE de; = de’; - ¢, Hh ¢ RIFEREH
c=1,

DA i s B 3245 = ATV 1 B BS A 400 1R AR 5 TR A RO A
ZIERIRZE , RE IR ZE BH d,, , 6P E L R R aE
de; < dyy ~ de; < dy,y o EMBERERSD, EHESZ
BEZMIEZ A RIRT NI R , K HE o P i T AL A B R

3 ZAMTTERE

W 3 BR, Bt A BAR = AR #T Z AT B 8RR K
t; FITUREHFN v, o

B3 =B
=T HT BRI R0 P ] AL ROR B R 2 — 3
Rk A = AL BE — MUE B = AR E#H T HE R 5 2
PrBIFBAI L. EDNIZRTEHEE B ITR =
1, KIRERECON W,

W, =4 (w, *o; +w, .rci+wd.di,max) (3)

Ai %jti B‘JE*R; w, W, *ﬂ w, %*Ki%\ﬁ, 0= Wy s W,
w, < 1 FAEREa =2+ ( Y cos g ~1) Jb g R=F

T 1 B9PIf8 s VAL e, = "“”12‘ o, =pwraEe

PR EIBT, B8 oA TUR B B B B R (R 65 IR 2 E
& T 1, SR — 2R B o, BIBERS 558 KRR A B ¢,
R BB I B K ME

BAR BT A L, BRI =FMIEAC R ¢, , 1, R BAR
=/, o WHKXZMEEEH C(1,) , C(1,) HHE—RKER
BERVC(C(t)) = {oe, 1y ey s 50, b s 5 R
BHEAR VE( C(;)) = {”ee(l) sV€,(2) 5" sVE(p) b, C(t,) i
HREER Ch) AEN=ZABERRESHIFL
VC(C(t,)) MR AT M LR =MIEEEH T(C(,)) =
{50,0(1) 320,¢2) 9" b0 c(a) b HBRI=ALES C(t;) WF
¥PE P(N,X) E 8 X IEL N TR ELN L(N,X) ,
HLL(N,X) 5=AEEE T(C(1,)) NH=AEK LB
HERTUR v,,, o ¥ o, BB BARTR 0, BRI =ZMAEES
C(v,) o

HE VC(C(r,)) NEMERFF C(v,,) NEDT=ZMAF
B‘JEE%, 1%@]%% DC( C(vmw)) = { (dc(l) sth(1) ) PR (dc(A) )
th(A)) } ,ﬁq:' (dc(r) ’th(r)) ﬁlﬂi%%ﬂ)ﬁ VCo(ry @Jzﬁﬂé%%
Clon) WERTY 1y, BB BEBEN oy o dsy oy
oy doyy PRREIEH 4, o

HH VE(C(1,)) NEMER FB C(v,,) NEDT=ZMAFE
MABIEE, BEIK S DE(C(v,,)) = {(day tiay)» s
(dosy stum) b EHHF (dy,y sty ) HIEFRIEHIR ve,, BI=FA
HEE C(v,.,) FEMATE b, KRR RE, REER N
v dygy PRAMEIEA 4, b o

R A, e S dpa B A, e < dya , RUT BRI AL
HIRZTFEBME BN WR d, e > iy BE d, e > D R
BT B AR E B BEEE, ZAF « TTRBER
B, BR=AT  KRE W, = W, «p Ko p HETIRL,
p > 1 =/ o, I ESR AT BITT I L, e o

WNE 4 FiR R BAR =AML « SPEEIFGEH loop (1,15,
ty) ,  IBRERER ;5 t, BRSO BIRPIM KR TMER
TSR o, SREEINGER, e LB W, = W, xp K o iR ETA

PrBIFBAS Ly o

E4 =MIBABBEALEN
WME 5 iR, MRTER=HAT ¢, BFH T v, SER=
FAT 1, B , SOREREIR IS FO AR NG X TR AT =5
EhEE , HHE v, PEN=ZATE BRI RS R4E KR,
MRRFES K BUE = AT BRIE, . NEW, =W, xp ¥
t; IR BRFE SR AT ZRIUT BRI L pee o

de(i) ° de(l) > de(Z)

BS5 &=L RE R
EEAE  TERRESE, RRENIER R BEH



1152

AR A

2007 4

—REH FEE VC(C(1,)) NHENER RS RAE=MAE
&4 C(v,,) N=AERIEE S DC(C(v,,)) RHICFE
(doyy stury) S HEFER R ve ) MAZFTE 1), BB — 2RI KR
BHEER DC W dey, =dg, o BE_KERAESR
VE(C(1;)) RS MNMER A RA=ZAEES C(v,,) A
=MIBHIE _RER R RS, RIEERE DE(C(v,,)) WIIIC
T (o otir) R ve,,, MAZFTE 1, EHEE DE
Wde,, =d, . HH C(v,,) HRXXBRA=MAERIE,H
RXIBAHE C(v,,) W=AFLURS C(v,,) R=ATEHE
B =T KA 26 X R = M % 1 BRAN E 1 A 37 B 0T BA
B Lpypigee

FT R IR Z R PR R AP BR

AT REVHEMARNE - RERAESSE KE
RS IR ER SRR =AY,

HBR 2 BRI RPN AT AE BB T & IR
?M?‘J Lc(lllupse H

B3 T BT NI L, . SRESR=ATEAE R BAR=
Y ;

BBR 40 BAR =T RGN, IR 4R B3R &5
¥ B s =M T8 A E T LAAE T R BUS EHiE A ST &0 BA
5, 5B IR 3

SRS VTEBRARTA, TS ER=AFEI BRI
=¥

R 6 AT RIS, SR ML, BUE T S 4R1E,
¥ BAR =ML ER UED R BUE EFEATEIRT S,
L3,

BT HEFERER R SHE KB AR =MAEEE
B IR BRI /N T BE, T8 8RB BN, BRI &
Y&, BAR = A ER LIET] R, ¥ = AL EHE AT EIN
FPBAS, e A0 Bk 35

IR 8 BRI — R R 55 TR L '
BHXXIB=AWNE, I X=AEA NS, AR T %
SREEHRA I R SRR BN IR 3,

4 REWNEE

Cignoni 7E 1998 4F42 HH AL SR AY 2 R ) 1R 22 21T
R, PIMERIKRE S, 5 S,, BRRIRERN:

E_..(S,,S,) = max(q(v,S,)),v € M,

34172 2= (mean error) 25 :
Ja(v.5,) - ds

1S, |

Herq(v,8,),ve S, HES, EAvFES, WEEE, |5, |
N S, WA FEAH

Emam ( sl 932 ) =

B (My, M) = max(de,) (4)
D (de; + Ay)
Emam(MO’M) = l=1,,,0— (5)
3 4,

HH de; AHE—RAEH] R ve, BIHMRIZE =M o, FEE
B, Ay AP RIAE =AY o BOTEAR, ZAo,i IR RIS )
Eﬁo Z:I *ﬁkﬁ%Epﬁﬁ dhald o

5 XBHER

RAVC++6.0 SLHL T Bk, FFHT THIB LR . R
4 68 x 512 x 512 FHEHE CT $93 5038 , SR 2 BE 3mm , [F]
JZHE s B EE 0. 4 mm, SR MC 5535 AE J A J5 1R 55 16 T8 40
B 6(a) Bin, Mg A 439 852 =T LA Jk 219 554 T
Bo BUFEAR MBI 0 7 0.6, R+ IERECH ¢ = 3 , &S]
¥p =5 NERHw,,w,,

w, =1,

@ ©
E6 skIBERIFI1L

F1 HEMELER
o  ZAB\TEEE =MAERAR(%) FHiRE

a 0 439852\219554 0 0

b 0.2 143 819\71 560 67.3 0.087
¢ 0.4 70003 \34 652 84.1 0.13
d 0.6 41315\20308 90.4 0.19
e 0.8 28142\13722 93.6 0.24
f 1.0 17986 \8 644 95.9 0.33

AR SCHR H — PR T s DR 25 T A AR RT AL Bk L 7E
AR PIME AR —2K 55 T RRRIE R, URHER 52 E=
ML Z B BE B AR A LR 22 MRIEBE R = AT BN
HERINFHGT=ZARFBRE. ZARTEKNBRTA
PRIFTE IR AR PG L, SEU 3R B BIE AT A ROt T A% R 4L,
HRFFFIAREBI R ING I . BB BRI SR, B
Bk — U RISE R, QN B 18 N Y ER B L ARHE RS
SEH:

[1] KALVIN AD, TAYLOR RH. Surperfaces: polygonal mesh simplifi-
cation with bounded error{ J]. IEEE Computer Graphics and Appli-
cations, 1996,16(3): 64 -77.

[2] LOUNSBERY M, DEROSE T. Multiresolution analysis for surfaces of
arbitrary topological type[ J]. ACM Trans. on Graphics, 1997, 16
(1):34-73.

[3] HOPPE H, DEROSE T. Mesh optimization| A]. Proceeding of the
Computer Graphics[ C]. 1993. 19 -26.

[4] GARLAND M, HECKBERT PS. Surface simplification using quad-
ric ertor metric[ A]. Proceeding of the Computer Graphics[ C].
1997.209 -216.

[51 XUBEfl, xIE, RWSAR, 4. 2 TREHMER KR & E
LI, B3R, 2005, 16(5): 668 —674.

[6] GIENG TS, HAMANN B. Constructing Hierarchies for Triangle Me-
shes[ J]. IEEE Transaction on Visualization and computer Graphics,
1998, 4(2):145 -161.

[7] CIGNONI P, ROCCHINI C, SCOPIGNO R. Metro: Measuring error
on simplified surfaces[ J]. Computer Graphics Forum, 1998, 17
(2): 167 -174.



