HodE N ot £ Vol, 8, Na. 9
1998 4E 9 H JOURNAL OF SOFTWARE Sep. 1998

ZHFRERENREEHZ
kG OEBE OB L

(BEREFTHENBZSERE R 100084)

R T AR ABE Y 8 Ik, &2k 69 MC (marching cubes) ik A B AR T B
HBES AL UBHAEASZ AR GAEACEERE AAARET LR XL BHRMEY, EA
TERABEN SR PALE ORI ZEEAS RIEAAT MC HRPHREG=Z A0 Aol
I 2T TSR BAUETER PO N SRR R T R SR R N N VR B R
BEABE RLBABLGHARIARA, REE LA E R AR YN FEFFEMRTE
YERFTFHFRNLART AR LS &b DR AR B

WA b adY,BAnEL 28 AN eik by ¥, B+

FEES%E TP

B4 ERHEHSRBHHFAMDRYSRE T ETR LY —ARASEE UERG S RN E
SR RAGEREAFRYE, SEFRBEENEEF R ATAAERFRAR FONMRTFREY
WA FARZ — i EP ERBE S EARE, BEM BHE WSS T IH SR R B R SRE A1, 8
NEAT—ASSRERRMEN MERRENSRE X—HEaTURATAGL RN ER I ERRE

MC {marching cubes) F B —RhEM AT BHBIHN
SEFWHUEHF R CIELUERET MC HZHER
HELRUERIREAN=AT R SFEHETHSLA
EAEH SR A0 8h 3D EH B ER 3D FIREIEN—
BEARPRZAREREMBEN X EL D ATHSE.F
¥R ERTMAMNERGELFRIERTE ELER L,
KNFRT A D RARPAYRAVTHEE BEEWE 5 Dped3ERE0ENTRE DAL R
LCERR BIHMIERANGTEFRAE AR AaTE
KEEEEEH B+ BEEMESHANE IR EED. H 1N RERER.

1 ZSHREARNE RS ENE

EIRWRS FEHLEEBRECT 28 LB XY D AEEE AR D EERDAETHASLdEE
= SETHHRMEREEN By — LA, BRI FTEE.

HEESEBRP,BER-- NS AT AR S EG TR LT S = AE T WRESRR,PEEAR
R, Bo, MANSERESEUT sHELZ — (L AENSAXRTE, YW S A RUEREF 44
P2 LMSRAEATRTRAGE - SE. BALW_ATRRI - MRHSE. (D XWZHE AT H
EWEASREEA - ENAA YEENFFEAT A LR FREABLUMIBTE BMIRASHXRR
TR E Tk

2 FB-+HAFFICR=FRERD

1 B+HMAREFKEFHER
BREFRDER FAEEEEMTHTHE MAEHFHAPERRIFEE.BHR S BHMBARIE

o ETFRAIER 63 HHRMEXERE EEET . &, 1972 4, WL, FET RASNTRNE RS BT AR
k. MEE, 1932 i 2T, ML BT, TRW R A A EILER 2, g BB, T H L, KR, 1908 % 08, TEHR
PRI LRI AR CAD A B E T,
A ETEE B A BEL, S0 100084, MHAE RS N R E 5 H AR
232 1998-02 28 W] (M, 1998-04-20 W E| M i i

© HIEERES AT hip:/ www. jos. org. cn



— 662 — #® % ¥ & 9%

gﬂ‘ F B+ RSN T RS AR EERT R AL B AR T AR

s o A RBR.— AT, B AR R
, FTHCHEREEAATRE T REL 44,5 (CT SR EERMY
E . FEE) ATRETEGEE L), X R YRR i AT ARG T &

-------- E 2 BR— AN B, BN ERATER Y B+ HARMA
ﬁ‘?ﬂ?@ BAFR] s B RERE TR —44A A &4 A 3D HXEE.
CREE) - AZEEE] 2.2 B+HRNENE
HEENTBRHERTBASRTAHENETS A TSHETHF
Bz ZHRERUOEESY  gosngs, TREASBREEAR BI0A B RS S0 F N,
B8 H LB ERE.

3 FRTRBIMXTIRB YR E BN

3.1 MXHESA BB HEREE S A

FIREL B PP R T A RER A
311 MEETYH

KRG = AE R MEERMERE BT SR 3

() WE 3R EERTH. FRATEEN AT T SHEETHANE-Z A AHR, LEeFHEEAN
FEZANAETERIEMNN=ATFAFR—W. B SR YRANTAZ AR RTHRRAERNR
—#5A.

(@) WA 3R EFRTH FRIEMYSATA T SEETRBMI - ZHE AL AFRTERY
CRAGHEEETARATREN AT EIIFEITRE . GRS RUBRESHTA 4.

() WA MR EFETR, FRANTEMMNEZATF SMETHAHN 1AL = AT 5 A3 3K 0
XY HAYEZHEATRFERS S5 0RFURAREFHTRASA. #ETRRAETHN AT R ERE
EFRATIENGB—MUSHEIEE . T ROFBRIEBHARSE

A sz = £R7)
E —ZgEH [ o e
4 - W
—RER =) ¥y

(@) BIHHRECT S b) B2FFIRIRIT Y (c) BESFRICH LY
’ E3
3.1.2 HIFFTEX

B RE AT ST EIT, RV A AT A B X 18 X2 X3 M X4 ARl nFRIEARA
DBREAN B PG T AN T AETEMNT . ER. XS ER 3 M.

) WA 4O BT, REXLXOR (X3 XOTEH, BE WEFRUY B #HF. 2T TARTI#EHE —
S BT X2< X3 METE . X4<X1 BINB LD, SR M EEFHBREAT TR IE S A B+ RAFL4
# B, 20T B A A BHR R AT SR BT S HA B+

(2) WE +OFFR.EE LXK XOE TS, HETV AN TF AP R EETERTN L. Bk, #x5
A B+ MR ZE VAN TFIAESTHAREE . TRUFHEHIRA S 4. £ EETRREN, o REON
SHAR B - REERAEH B+ H.

(3) WA 4T EH (X1, X2 M X3,XOARE BETFANTYSTIERETTA ELBTHXE
SR TP AN T Y ERLERETF A NR A RINI A, S REFEHFE S H. B E Bt
W, B M DB B B SR B R B+
3.1.3 BEBRYE

B B+ FE— BV AR L ER, B E Y N A T R 0.8 Fieldl # Field2 4 3B H RAMF A

© HIEERES AT hip:/ www. jos. org. cn



9% B PF b OEYdRR Lk — 663 —

y ¥ y

/ o / /

VAN 4 TR /J § ; ﬂ
Sy, UNET. © Wﬁ% ,

FAZ N e %%
\zﬁ'm L7 M an TE1, Smun Max I32 y SR

BREH X2 “HETR X = =AM
(8) BIMETFTHY (hy HofpHETHA (o) BEsfhERagE A

&4

TR ERY A 2D BEA. 3 AR R,

(1) Fieldl # Fieldz L& FE VAN THE SR TUREHE -4,

(2) Fieldl #l Field2 HXM  BEEWAHF Y S PR SHEGY S AT BEEVANTFT A EBEHET
TRBSHNFETES SRR G TR 4.

(3) Fieldl # Field? HX¥ & . HZ Rt AN FHARSHLAVT R A EES A6 FIHY A#F BHE M
B HEFTERARAFH AL SR EH AR S4A.
3.1.4 MWETELHATH

EMEYEAPR - 4N B ERESERNEANECEEEMH T MZESHY B+ REY SR 4
TE AWHHEXIEY S,

M EFFRTFEFEZETS. AR EEETRFEARATHRARNTF SR —Z FTEESH.

LD EFFEPFREREYE BN EFAY AT BN ESE. EYSAQNATRE SARUBEHR

54,
3.2 YINEENR

BERDRERM =AW, 3 H B AR, VMBS HE L8 G FA 7 B B+ fr e W saly B+
MR A ARANEREEAFER S SR ER P AREETAAGT R AL . ER-MHEEeEH.

4 ARNENFENTR

THEHSHANME—TFYaERORERFERER, LA E RN TR ETES RSBl
DEEHETERG= AT b D ERTHEY = HTE
41 BMERNRERSAOER DTERSIBEA=ATAN
BEHOETELARERTI=AE R S8R ERKZEHMEEERE & OlaXa).
4.2 SHEEAHANIL=ME SR TMERRETHE
BEERFAIVREMPX Y RERANE—-FAREREEAFEL BEHE T 2SS ENRREE/DT m. K
BRI EAREERN OG). BIEA T, #HHNE A S n 0F - BRE, LA, BEHE THEEH Omxa).
4.3 RF B+ BENRTH T RERRFOF R DHE

BRRFHRELE £ M50 5 RAHBXTHD T BFRBUH%
HIFAR TR B9 B+ 19 ok 4 R B S S AL, O /KC O 00n y200:¥

31 ] 0 25 T T R B 3 A0 B B sy R et TE
B MRS T FAGRARY A amn BaE O R O ambhsomty
MBI REFANS 1 XMEAAEL TR HRER T 5 s T R
SR AL B R 2 O Uog (md) L BD O og (m)). Oy R )

HEWET MR AUSE - AREFRIEBY  BEs BEYHFERTHANB-REEFSMYA
#. 0G5 LaH B+ RSB EY SHERN. BE
WA AR CHEBETE FTRARST,
Oy =k X [om%)+ocn%)+ocn)“+ocm%)+0(m%) FOOD =0 L EX e O,
4.4 I &
FEHEHMERH AR S . RTEE AR, AR B RS AE R T REN RS S

© HIEERES AT hip:/ www. jos. org. cn



— 664 —  # ¥ H# 9 %

WHGTRA BHREWBEE Om+0) MIFN SR FEEE%ER.
¥ 3 PR et

e 1) 3 ek ML
BEWE  BAMR | LAERR
AL E AR O(mXn) o)
S AL AR 0(n) OlmXn) o)
P4 BHREA O(Log(m))  OGm+n) OCm+n)

5 & R

Bl 6 AIE 7 5 318 F T F AR JIAMERE F A7) U1 % 3D #2647 i B8 A9 45 . 1R A # £ SGI Indigo2
ExtremetiL 2% E3CHLAY. o 8718 &1 2 7T 80, A< U180 390 3 0 28 A BEUAEIE T2 M MO = AT B SR 4 4UR B+ #949 3D
% THTH R 8] ) DT 92 F

B 6 FEFATIUIE 3D 55 2 i R B 7 EREFAJIUIE 3D 04 R m A
&% 30
1 Rhodes Michael L, Roberstson Douglas D. Applications in surgery and therapy. Computer Graphics and Applications, 1996,16
(1):28~29
2 Brewster Linda J, Sushma S, Tuy Heang K et a/. Interactive surgical planning. Computer Graphics and Applications, 1984,4
(3):31~40

3 Delp Scott L, Loan ] Peter, Hoy Melissa G et al. An interactive graphics-based model of the lower extremity to study
orthopaedic surgical procedures. IEEE Transactions on Biomedical Engineering, 1990,37(8) :757~767

4 Koch R M, Gross M H, Carls R R et al. Simulating facial surgery using finite element models. Computer Graphics, Annual

Conference Series, New Orleans, USA: Addison-Wesley, 1996, 421 ~428

Lorensen William E, Cline Harvey E. Marching cubes: a high resolution 3D surface construction algorithm. Computer Graph-

ics, 1987,21(4):163~169

6 Hoppe H. Progressive mesh. Computer Graphics, Annual Conference Series, New Orleans, USA: Addison-Wesley, 1996. 99
~108

7 Zhou Yong, Chen Wei-hai, Tang Ze-sheng. An elaborate ambiguity detection method for constructing isosurfaces within tetra-
hedral meshes. Computer & Graphics, 1995,19(3):355~ 364

w

Fast-Cutting Algorithm for 3D Surface Model
CHEN Mao TANG Ze-sheng TANG Long

(Department of Computer Science and Technology Tsinghua University Beijing 100084)

Abstract In this paper, the authors discuss the algorithms for fast-cutting on 3D surface model. Using a 3D re-
construction algorithm based on MC (marching cubes) method, information about grouping and hierarchical bounding
boxes are extracted in the generation of 3D surface model. With a B+ tree data structure recording all information,
cutting on 3D surface model can be accomplished without tracking all triangular patches. The key point of the algo-
rithms lies in sufficiently employing the information according bounding boxes and 3D (three-dimensional) coherence
inherent in MC. It provides a way to fast locate the intersection points and accomplish dividing. The result of this pa-
per can be applied to simulate cutting operation using plane and sphere knife in coxae orthopedics.

Key words 3D surface model, hierarchical bounding boxes, 3D coherence, fast cutting, B+ tree.
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