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Abstract: A general principle, a practical method and a modeling process of 3D visual model for complex
geological entities contained faults are discussed. A kind of 3D vector data model, which is based on boundary
representation, suited to geological objects and their topological relationships, is developed in order to organize and
describe the 3D structure model of complex geologic body. A modeling approach called the unified modeling
technique for stratum and fault is presented, and some actualizing techniques are discussed. To deduce and simulate
the fault plane, three methods are presented based on the basic properties, characters and qualities of geological
faults reflect on fault data. For the construction of stratum surface, the restriction and the shielding action of fault
plane to the interpolation process of stratum surface are considered, and the mesh generation method for
multivalued surface of reverse fault is developed. TRICUT, a method to clip triangle meshes, is used to process
surface cutting on stratum surface and fault plane. A concrete example of using those methods to 3D bedrock model
in the Beijing Olympic Green District is presented and confirms the practical result of those techniques.

Key words: 3D visualization; 3D geological modeling; complex geologic body; geological fault; stratum; fault

data

B E 2@mAGHIRT T R R Z AT ACAHAR G RIL . T ik A A6 IEAZ AT AT BT R = A AR 0 4
BB BRIGET AT ATRT . @E R KRR K R 0 SR TR AR MO S e b ik
QAW R IR TRTATE MR RBE T B RS EN G —MERARALE T AL RRIEF B X

« Supported by the National High-Tech Research and Development Plan of China under Grant No.2001AA 135170 (IH 5 & H RHF 5T
J% J# 11 %1(863)); the National Natural Science Talent Training Foundation of China under Grant No.J0730534 (1 X H ARl #H &R RS
[F R ILR R N A 5597355 45); the Natural Science Foundation of Shanghai of China under Grant No.06ZR14031 ([Tl H 28 Bl 24 3k
47); the Morning Light Plan of Shanghai Educational Development Foundation of China under Grant No.2007CG34 (_##T7 #( & K J@ 3k
> 2> [t 7 §1)); the Wiser Foundation of IDC-Peking University under Grant No.W08SI03 (b 5T K 24807 vh E WF 5T B¢ b 3 WF 98 9k 4)
Received 2007-10-11; Accepted 2008-04-18

© B

SREPERESTFT http/ www, jos. org. cn



SRBE E MR B = TR e ok 5 IR 2005

R (T B @R A HEEGEMN. BMESMENIMAES AR EMNMEFTEIATEHENE
M BT B SR BT R B 6 BT B YA AR L L R 3 RY R RIS B m EK B Em EM N KRR T B ER
FEHEE NAE I E  AGE 09 49 R AR R, T oA 3 1E & 695 07 2 PS4 B K LA = A M E ik
TRICUT % S ILBE 5 b E 6 g 22 a8 i b W BiE o [ 3 R A8 3R AE R P o i B M AL 52 ) 304 73X sk 4%
R ik 69 A 2.

KERIR: =2 T AU, = S0 AL S A TR 30T B 2 3 B B

REESES: TP391 SCRRFRINAD: A

BE 5 b 2 UE ST A B AR 5 A S T SRS AR (19 i, = 4 by 2% AU A1 20 tHE20 90 SRR T 45 ok
NPT R, IR B T . A S R TR GIS FURREE S m Rk AT A A 5 5 18 FE i UL
Yl 2 R R R R 0 ) P 2, BRI = R AR RS IR ) ) Ak 2 08 0 b, v = e o A A
B ] AL P T $2 R B i, AT O AT 55 o7, = A My SR 2R . — 2 b ST RS 28 Dl P 2, SIS M o A 2 ) ) 3 A
T (TRPR R 1l J5T 25 RS0 ), 5y — 22 b B4 A S R A0 3 e D Pk 2 A 2R (T Oy )it e PSS 28 ). — 4 ot &
AR IR AN AN 5 Bl 7 bt A (18 25 i) Jo A1 5 A0E A0 b 50 ST A0 2 TV 40 b DG 28117 FL B 30 ) el i o P A 28 1) Al
FErT7E AR b E AT R RS &8 TR SES . W vl DRI, N M DT A 4 A R R R R AR A S L
SRR ICETH T, I PR = A5 45 R Ay T S e R BRI A S T TS S T TR =
YRR (1) 2 [ B AR TR Y, 3 B R A5 TIN(triangulated irregular network) 7Y . — 4% b AR Y (triangular prism,
T FK TP)s =M A (analogical triangular prism, & #% ATP). |~ X — 4 % (generalized triangular prism,
i Bk GTPY®, BLE = B ki #7 (analogical right triangular prism, fii % ARTP). DU {4 k% (tetrahedral network,
fA K TEN) 8 1A 0 52 A B0 20 DR DA F e sl 3 P LA L B8 20 (YR 45 @) = ot o 45 ) A ABE 1) L Ak S B 5 7%,
W1: 3T £ )22 DEM(digital elevation model) M ) = 4 b J22 7 Z b 55 7 12100 36 1 = b AL Wl D i 4 f) Ak e g
R T7 9 BT84 A £ R (4 DSI(discrete smooth interpolation)! ) () = 4 iy 2 AR ADL 4G A o B T4l ALK 1)<
J2 - S AR ARy U0 0 R ) TSI (0 o O o B A TR U 3 T S ) L (support vector
machine, {5 FK SVM)) = 4 tth 5 B8 [ 20440 8 4 AR U 25 22 2 SR EAT IRV F 5 B R, AN Al % L, IOLAT (1 2 4 R
K2 e T 1] B 2R TR 1) = 4 T 5 T 40 BT TR G5 R B 2%« ) 2 A1 AN 30 /50 1 5 4 b A (W 2
FEA BB DRI 5 IR AT ) 38 5 ) (W) R AT R IUUATT ST A5 AN A8 RN AT B R ST AR A 2 s L R
SRR (AN AS 2 1 22 B IR R0 R T 28, BT 05T 4% A1 1 52 23 PR s SO ) 32 32 30 1) 800 AR DA e At DRI 38 1) 5%
Wi B S52 HHE F ef ) bt 5 A B bt S5 T A A LA AN I 0 v R 5 A L 017200 R e 9 A T B JE R b T AR R B A
[ Bt F ok — AT 0 S 2 b T 1 — AR R SR AR . I, 2 % 1 5 A R R AT 50 P b 300 3 T A vh A B T )=
LB GRINE TP IS VNl o

W )22 J2 FR E M 5T A 3 32 ) 1) e R M 2 AR Y 7 (VR T R A e 2R LR AR 1 v I B o R T R
AR B SRS I G T A M A Tz R ELA Ay R K T JE R A [ K b 3 G ) S 4 o DX
45 R RIVRA S YA 22 RS2 W) Jy™ VP /N W 48 R DR 0 08 P bR A 0 2 ™ S AN 7K A0 B )3 3 5 v
ST 2 D) A5 T R it R SR ) R L DRI L 7 = A e TR R A T ) R A B R R T R
SRS F A1

b 5T )2 — AR R 3 A EEARTRAE 3 N7 I R T R A A A A kR b T 2 1 A Ed
RARMERE, BEMGE F3 A0 2 BB HME (14457 . DR, B S 40 9T e 1) S8 16 23 25 L R A Ak
PR AR AR A 5220, A 70 35 B A 00 B 0 2308 1) it b e ke B AT 48— 1R B30 A oA R AR A 2% 1 b o i )2
5 SR A B e, A B 2 ST b BT )2 () = 4 v RRAL R IR 5 20 B 0 AANHE TR B B I = 4 ] LA Ry
E bR, 5 2 W02 3R G0 R T e B 2 106 T2 T b ST AR TS 26 2278, FH AT ) = 2 2 V) 0 A AR g A7 50 28 1 i
55 R IE . = A = R A I LA (R ST AR B e v E SRR W 2 A 38 T L (1 b 5T ST (R T 2k 4 3 B
22 THT B R I (18 47 1 VR 5. L R A A 9 8 it T L e ) 3 00 L THT 1990 7 ¥ 0 5 T )2 T 5 e M O A 1 £ Ay T

© PEBRABRGAFIFURT  httpy/ www, jos. org. cn



2006 Journal of Software # %4k Vol.19, No.8, August 2008

SR R A2 AR A i B R i R T VAN 0 AR 00 S R R 3 R TS — ARk B AR NS
THTHSENUEAT B 3h 8 A S,

N T L, A SR T A 5 T 2 KD SR 2 A — T A AR R S R R T A 8, I B A ) A
PT35S, A W) R A S0 e A B, T ST s Bl 5 B R I L T T S, B bR A 1 2 Bl 7R A
FAG BT 2 = o R AR A B SR, Ve v A I AR 30 A R o AL R IR 0 555 W SR 1) A S AR LA &5
FE LI SR Ji AR P 28 AT (R 18T 2 R BT R IR Al b, 588 b T 2 A M 2 PR 28— R B3R I 4t A L S B e v
T 281 ) D B ) LA 7R R 7 5t A b B el 3 X PR T o R A S SR BRI A% T R P A

AL 1T 2 M T R 1) 2 R R U A Ak B i S 2 Y A T T b ST T S R R R R
PRSI B vr 25 3 Y0 LR T 2 — A AT DA R R R S VR S AR B 4 1T S T SR T LA A
A R S BB, 20 00 W S T A S L MR R IR L W R T R DI R LA P AR RR
BEATIE. 28 5 LN FU S BRI UE A ST 38 BB AR T ik I Al AT PR AT R 56 6 T S A R K
TARRER.

1 RETE R R ERE AR

AR BT R YR 2 T 1y AR [, B 2 s mT 43Sy 4 216U 7 b it B R K 1 )22 2 e s A AL
bR HR PR 07 2 500 s 2 1) Pt S T 000 5~ v e 5 1] < TS ) B X S B Al T R PR A T BE AT EL AR T
SR = (K JL AT 20 2 1) Jg AN R I 2s AN DR BB 30 A7 AE 77 30, Bk BEAS ), i FLE: Jse 1)
JEAF SR 5 SRR BT VE A 22 5 O T 78 0 AT A (T J2 SR EAT i 2 i R 8 AR ¥ o 7 AT T 2 4
B (R bR AEAL AR, BT bR (K 07 2 Bt b s DL 23, 77 ik S B TR 3t 0 2 i 2 20 SRR AR SOFs 5 1 i
JZ& = 2T AR RAR 5C 1 Wi 2 B A A 3 SRR 1- I P 5l ) P s R A% e, . i e 2
0 5] T PR T SR S B R A T KA

T P Bt A 1t 5 Pt T ] sl J A 3 P S5 1 T B IR 2 R D T2 2 2 A 2 i 2 %
W72 5 P e B A s U5 0 WA AT BB G S A e 14 S DM 3, A AT AT B B0 M 5 T X
00 FE 2 BOE A — YR T 2 A T A S P R 0T AR A — SR ik (0 K, LA 7 (BRI SR
ARSI R e

AR A PR ek Al B0 %58 = BRI R AT M R A 81 1)t i) 1 s (O R 1 LR ) 1 ) [
P RE M5 ST S22 1 JLART 5 AL, 22X AT DASR RN 5K s B A0 B 55 077 5 0 A A2 R EOR 8 197 J2 5 A0 6. b 1 T €T e 08 4%
DR LI I W T R T AR R A — SR R (1 W SR A (E ) o AR R AR T AR =
O S AR I ) P EG o 25308 1) B2 A S T A S S PR IN A R DA (K LI ) — s (R P K SRR R B
ARSI R T A R ) iR 4R . 2k s D RO R = e AR br B T RO . )R
BT 14 2 A i 2 e BE A S5 R, DA /0 A IS RE i PRode s U L SR K.

BB T LR S B Ah 3t T 8 PRI 7 22 R A 2 M S AT I LT 4 s SR i s W )22 1) Jeg 41

@© W2k iiR e, EE B W R g R B RR WEALE . WHE0N . WE KA W BesE
HEARITER . BEAOKP TR . B TR . W R

@ Wil Bl & B BAT MR G0 S . 2 BUT S D BUAGR. D BULE L WG WA, i
LEERAVAE R O824 I YR8 1 0.8 74 AN = NI 1 AN 171N 1 B2 SN 9D 5 IN N { ERNI N 7 N SN SN
Wi e, Hak . IR, WHRARAE . B EhRE . BT RIE . B EINAR. Hig.

@ Wil B R BT BAT Wi T BT B BUY . WS AR (cy.2). TR
Wr i 8L AZ WAL KPR SR E TR, B WU WU B kU

@ W2 R AR BEPBA KRG S W2gS 1. W2gmS 2. WMV R(EM KGR, ik
Ay PFRRARL AL RAD.

© PEBRABRGAFIFURT  httpy/ www, jos. org. cn



SRBE E MR B = TR e ok 5 IR 2007

2 WEEMRETEAEN =R EHIERE

=Y TR S 5 T SR (1) = 4 4% ) AR 50 85 D) R G TR 1) B AR RR AIE T UA 25 0 75 TR RRAIE R PR
AE N 2% 8] K REFAEIX 3 A J7 TR, = 2 2 [F) H5 4 B 70 07 2 St A v T Ay 25 b A2 s b S AR 190 JLART B P AN 3 5 R
() 584 LR TR BT Ll T RS S T SR A B SR T R BT R BRI Ll R A )
X = o 2 () A B R AT T R, O R R, A B TE M A R s R A B 1 = R UL R R e
fn:Lynx BF 2 80 K SEAR G RIARREEE AR, /T LIRS FL . 5. TIN B = ik ) &5 b S5 0 AT 45 5 45 B,
PN T T = g R R T AL S T 1R g0cad RGUR A G-Map IR ek — 4 A B SN G 4
FP I 2R 11 B A B AR D200 Ty g A b R L TR R S R ) L A 0 A R A i ) 45 AR
ARASETR . TIN TS 7 A0 T A 25 A S 0,5 T2 080 4 10 SR 2 e = A 220, i 2 A48 H DR 4 e S A A 78
SR A 3R 5T 24 1 5 A P JLART 0 25, IRl HH AR S RS B R 65, S 4 N T GTP BSR4 i A Al LA foy s
F (8], o2 A6 45\ JEF NURBS-TIN-BRep 8 2 B8 &5 4 34T /K R K L T RE I R (i )2 L T2 s
DU 28 b 5T St 52 14 5 — R A 2. T A M A TR o EL T T ) (10 L AR PR A AT B T — 5 (K B B,k 4 B A AT
MR R R T — 8 A L TR, A = 24 7 S22 R A R 55 1180 = 4 22 Tl B3 A 20 A U 2 4 ) = 4 7 22 54 11 3R
BT W B A G 5 IR A REAE DL £ 22 N F v v & F R B B R T X — i 3 AL s
B 5 IS0 92 B AR SCH T — B T PR3 T ) b 5T S A O S b 0% R 1) = 4 R s U B A O I
I FH TR0 I 1) 53 2 b A LA 5 g i iz v

S O R A A TR ) T — ) S AP R T R s (U SR T b PR T %), e SRR R s = 4k H AR
TRV 0. S R P A (RO G b 2 BT AR AR ) F A B B 2 TR AR, FT ] DEM. [ 5 ket a7 R X 28 2 i
(101 % - T R 2R 1100 A 55 (1 5% 46 W B K 22 SR I3 TIN T 2 2 DEM BB AR, 3 A8 13 1] o 2 R b iR
PRI AR A T 50 AT R ARTE B W= R AR S 1) 52 2 b ST B I HI TG e 2 ). DRI AR U 2565 2 SR T AT 4
PRI PR SR At b WAL Tl T b T BT R (1) — 4 5% e O B )5 22 )25 DEM AR A Sy LA 441

T[] 15T W 2 RA A 1) = e < 1 5 S 284 I . FH 1R 40 40 70 25 7 mi (vertex) s 4 fi(node). #1(edge). Z(line).
=M ¥ (triangle)s —SIPI(TIN). FF(loop)FH Z [fil £ (polyhedron) ) URl HAK I M JZ KOS R WK 1 Fios. yi ok, ik
g o T R AR e b 5 G 2R RIS A (position) . HbJTTI FE (geological boundary). )2 H(layer-piece). )&
(layer). H(block)FlHh 515 % (geological model)/N ™2 UK e 115 4 b 76 22 K B OC 2 L B 2 JiT s X ot v
DRFR ST T = 2 b TN G 1) Fh b 2 7 RTEIL SIS e IR b 5 ) S AR AIE TR ) TE S Rl X — B BE B 4 A
T Hb T TR 1) 1 B R A AL TR (1 T i U SIS AR S S DG R (R O A, T FH SR A A b 2H RN
AL W J2 10 52 e b T AA T LA &5 R A TR

Fig.1 The topological relational hierarchy of 3D vector data model for geological faults modeling
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Fig.2 The coincidence relation between geological elements and topological elements in 3D geological model
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Beijing Olympic Green District
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Fig.9 The partial incision view of 3D geological model in the Beijing Olympic Green District
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