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On 3D GIS Spatial Modeling
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Abstract 3D Spatial Modeling is the key to 3D GIS, and is the basis of 3D GIS. All kinds of 3D spatial modeling methods
are different according to the differences of modeling objects. Based on the difference of spatial modeling objects, 3D
spatial modeling methods are divided into two kinds. One is Geographical Spatial Modeling, and the other is Geological
Spatial Modeling. Based on the comparision and contrast of all the 3D spatial modeling methods, this paper also presents
some key issues on 3D spatial data modeling.
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BENENBEERESZRERERANERE,
GIS B ZE RIBEC LA B IURHE LR R E
ZEALE NS R B R EREE, L ER S N A B
RELEID ZHERFEMMBRUT HRUEF
WA o X FX 46 3D % EE S 0 AL HE H T4
H2D AR HEEEXHREE . BEEHE
Wiy RABRA, XHLEET b TAEG AL
MEZEARAE XM D SEMER, R FHEL
HANEAFHEN FERKKRRE, B, %
HEVLEAR U R B #I9 K (virtual reality, VR) $AR
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R B EA E, UARFIA GIS B ELAILMIE
BAREGEENERAXRERAAIFTNERD
61, Bt # 3D GIS R LA XM R I 3D % 6]
AHAELFERNERERRE - FLHZHE,

mMTFELMARGMTAESARR,HA 3D
CSARRBERE —SBMMALERN, LU
— K2 E AT R HEE T ELURER
kR4 54 BE 5 b ER # K45 B ( Geo-information ) i
AR, 4R A ER R E R LA BB x & (B
b7 75 [A] , geographical space) [ 3D i 3 %5 [H] @
7 #: (3D geographical modeling) , il LA #y 3k 3 18 K% LA
T RDFFERS % (Bf #b )7 %5 (6], geological space) i) 3D
Hb 22 2248 5 B2 (3D geological modeling, 3DGM) ,
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2 IDZEBREHESH

BRRRAL MR AR B EmR, R
Y EHE R TR AR ESME , 3D GIS
BES e BB S ERAL T 3D Stk E P,
ENSSEEAMEE,BiL,3D M E xR E—
ZEXMNRIE SR, 2D GIS BEAI 3D GIS B2 [y
ERETHERBYWBIEE SR E KR, B
ER B DL BB Z P, 5 &R
2.5 NRYRA B SRR HEHE.
3D 75 ] X AR AL A 1 R R — - DA 2 [ A A B
BEERDZERY LK 3D RikME#, 3D GIS
RAEXS 2D GIS g XM R &l 3 K% [H X 5%
bz islE B Rl e, B T 5 — K x4, B R
BR K H K4 RKERNR B FSRBERNT
B, EHREA—ENRELMAARINEFEERKER,
BN AR b AR 2, 2 R R B
Y%, Bl 3D sEBEEREMBR I EFNE R,
WEERMEZERID ZHBEREHTT K
BRI, BETEMID ZHBERY, HER
BRFX R A4 K 3D 3% B @ HE 3D Mh¢ 4 A &
BHAk, .
2.1 HEFEEE
3D GIS RSB, F BEH bR E
ERAU MBS mX T 3D g8, BT
WEAMENBERE, BREX 3 &5 E LT
BB 2 Molennar 2 111y 3D R ILKIELH
(3D formal data structure, 3D FDS), 2 & Molennar
“FER2D IHIMNRIE SR R b E X —F AT 3D
XERMEABESH(E L FR) .

& Entity type
—» M:1 link type

E1 3D EABELEH

Fig.1 3D formal data structure

BRI E LT 4 KB A7 B %} & (elementary
objects) ; ;. £& . T Al {& ( point, line, surface, body) ,
PR 4 #pRA LT R (primitives) : 45 & W A
T (node, arc, edge, face) , 3 B R b F 5 4 A Ak
B A S5 S AN K B A ] A9 is-in, is-on %3
$hE R, 3D FDS B a4t A i K B g &k,
BME B — AN L] 70 R 4B 2 %4 24 R 4 3 49 2 (Rl % 4
HHR . )

3D FDS IRERM L, —BEEH S HA
BIR, BB T n THAERY HAhSEAER
( simplified spatial model, SSM)'*! T B iEE B
(urban data model, UDM) '™ | I [} %4 £ 3D ¥ iE#
R L F S 3 € E
2.2 WRZEANKEEHAR

EAMEE S GIS SUgxt i R 2 Rl % R EEH
KRBT R UES R E R PR AR
3R, BAMERE:TINS Gnd S8 iH
BE B-Rep 7Y (RAEHIAS, £ 2 DEM HE %, CSG
B A WA TEN A H 0 Y AR SR B
B SLAEIRY (GTP BRI \TEN + Octree #i R 2% 4
2.2.1 EHEER

REOEUMETHAID ZEELEMNER, B
FIEHEMID R, 2.5 %0, FREFETLL
FRFXRE, MEBEER MBEEHY. =/ MK
HEBRFANERANEERARETFREAKES
ER TIN R URE BBIRBEFEERNS A HIED
S, ZNELHEERBK Crid A, X F A BA
—BRBTFHEXREAE CTHTFERY K
R,

2.2.2 (kR

BRI T 3D 25 R AT 43 3, (R 0 K JB HE T
EABH ST 55538 76, 7 LA AT 3D 25 M #fE 247,
R RIfU S TEN BRI A B SR ek
A%, Hp TEN BIRLR —F R ARSI (& T %
k3D BEILEMHAREEE T &, AR BB R R
RMNIAITERL 3D SR AR R,

(1) TEN &%

B0 7Y & H (TEN) #8815 5 g ol S
FE# 07 8k #5k 3D S EIX &R, [ 3D FDS —#¥,
TEN #8A 4 3 JL47 3¢ & (tetrahedron, triangle , arc,
node) , 8B4 EIF 9 3D JL{ 7 % (tetrahedron) ,
A ) v T K (TEN ) £ 3538 25 R 0 4 i Ak ik T
R IEEE—IDZAMBHIR—ZAIPEE
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AEBHHN 0 E A, E a0 R R SRR
K BB X R E RN K R o A N R PO
R RIEZE X & = AT AR R R A
B BER BB RAR. HENHREES IR
WEMAHR, MER=HEHAR, ZMERNEE
#RMA T, TEN MHESHRME 2 iR,

belong-to

(n—1)-simplexn+1
n-di i (n—1)-di

P2 Mk n AREHAY

Fig.2 TEN: n-dimensional conceptual model

(n-2)-di : 0O-di

TEN A8 i T8 . £ 5 b R 4K % 8 S
R, BT RERERT R4 —KF (simplex-
complex) BIHEE "™, YA X T LAH R 3D S HFFE
FwmIbER, BE,TEN EREEESE PR ZME
Xt R — RN BE AR ESHAIN ME K,
XAERR LRGN, BLXAX-SBHEEES
RAR R o

(2) \X¥

AX W& H (Octree) 1 U X WHEH
(Quadtree) # ]~ 3] 3D 2z [A] Wi J& B9 — F 3D % 3
B, A\XWERKEID FEEESRIR, B
R LB RLER S M EETR. GHRP
AR R R AFE R (B FE&) , R RERF
ARNKHEBRELTEF. EHRFRELHR,
BEMNBBETREERF TR, AL
BN ERENX RS RER I, \XH
BRI — s B R, R SR G B, R
EHE AXERMREMZEITEEFSER,
RERBGERRBIEXNZARBRENEEEL, H
2, NAXMEHRR R REB RN AR,
BREFHER A SERBRROBETR, RS
RERE-—BORRE, WAEESTREMSHE
ExRZEMSEELE,

(3) ERPEEHER

3D GIS 7EX§ 2D GIS i & X I % S B 5l _E 3% hn

THEMNZ HES L EME4 LTRNR,ZH
BRGY B8 — R X R SLMA R £
ARKER, MEXNEPRBRER, EERF
MERY T %, KIS BRER R LA
X&MLY EXRBTHEEOHER, BFKEL
BEVRABEERLABENENR,

WEFERBT - ABEERERSH
Ho XM[1414 3T B FTE R AR S 3
MAFRMZEMBEERER Y & :TIN 5 CSC £R
FAFWH RS 3D WEMNTE, TIN FHR#ERME,
CSGC AXRBARERY ; AXH5 TEN RS HAA
FHE . ERSEE, WEHERRENERN
B KRB ESMBNEE ; REMHEER
#y 3D SEHEER, XM{IS]R/HBTTIN G
Octree M 5 1 : TIN %3k 3D Z YR EE,
Octree F 55 NP4 H, B4 5 8 52 TIN M Octree 2
FIMBKR. XMIIJRET—HEFEHEEH
I 3D GIS, 4245 CSG.TIN,B-Rep, Octree % ¥ #5
AL AR BEE R AR — A B8 b T
EHXM(VTIUFTILARRERRETRESH
BERNBEAREEY REARMTELEERR
BRI R % R X R FETREFF

3 3D TEEEXEL S

R LR % 3D %5 | BEBE R E S 4R, %
F 3D GIS P HEERKINREREBR—F, BiE
BAEFT—FRETT LR BN, X SR
BRI ILFATR AR R L SUR & ARk R 2
FIXH, AT 9 3D 28 A BOE A R 2 S R AR BB
3D BEIBIEER MR 1 FiR.

3D CIS WE BB LR X BEA M
EALERBAEE, HA KM, RERHEN
MEAMRHR R H &4 KSR BERARR, BT
RAGILTHETRERR, EIMX R LEYH, BT
BEE. MEEERARTEEHERRTR, RiC
REAMNRE-TETHRERE, TRAANE
TERARH N B ITCZ 5, % MR BRI K
iR BEAHER, BB LRBX RS
RAHHE SRR R, HIRER 2, B AR A RA
HXE

A IL,3D GIS 748 Bl MR & & & 4 R B , i
FH¥ BTG R, RN A RRE,3D 2R
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Tab.1 Comparison of 3D spatial data model

3 % &/ B RS Juf R LR 3 & 30 & B
3DFDS!4) Molenaar/1990 3D WA node, arc, face, point, line, surface, 3 {H i /| BERTATENRKRAEZEI AT I R R K&
edge body R 0% WRE BUREAZERNS
xR
n Tuple Pigot/1992 HBETE. 0-3 Cell 0-3-Tuple Cell wiE IR RER B THRD BURKAKERGTRI R
g model(®! ARBRY Complex
% ssmi¥ Zlatanova/2000 6 4% AT 4L  node, planar face point, line, surface, MMM BFXAENMYBRBEA DEIEFASARETENL,
" EAEM body g 3: 4 3% 2 Uk TN MERRFESHEE
2 upmt Coors/2003 B TR node, triangle point, line, surface, = # 4 BEMFRER  RETRL:; SHEEFASAREIENR
body LIt PR L
003D gy BRI HEAL node, segment, point, line, surface, WRIXRAK MATEHIRMWLAE, XHA FILENFRARRLERM,3D
2002 triangle volume YERSH WL FES RS
3D-TIN Abdul/2000 R RME node, line, point, line, surface,  Single value .1 K £A KEABEMERR
surface, solid body map/FDS
Grid B350 ENEKIE T A 0 0 4 R WAL WIERAD L¢3 F
TEN(®] Pilouk/1996 HMFHBIFWE  node,arc,triangle, point, line, surface, BAENH:HES:; RETRUAENARUERME  HRLEOTREE A %8
* tetrahedron body oM - ZANEHRHHERRE RS I e
; Octree Hunter/1978 CAD/CAM 31 i by TN ZHMTR BEERIHRK/AT FEEARIBENRKBLM
5 . 3.3 R 2 ] 2 e AR EEEMER BETAR
g Solid Simon BETE. RS component 5 kit 3 UM ETREAEEZABLEHN ALXETHREX
Model! ! Houlding/1994 ID BRI R
GTPL®] Wu LiXin/2004 WEITR M, H(TIN@#,  point, line, surface, {h#)4 EHRES;STFHARESE BRTHTAZBFEANTRE
M3 ), face (TIN  body R 3D ik X TIRMA
i, Mm),GTP, LR €
Xt f R
TIN + W R/1998 3D TR node, segment, point, line, surface, XTFRE FHEANRRE-TMRAARE BRURZIAZNR BEAYE
csehl triangle body, DEM #l5 BHRSWA BTG N
E TIN + 23X H/1996 3IDMATMA, node, segment, TIN #Ex & EHXRERBER, TUE AXWKEBEMTINREY
i Octreel 'S} METE triangle, Octree FR M ,Octree SHARSAEABRESTH HEWHE, FRHHSIERA
ﬁ RikEB fBER
B TENs+ EWR WERTR Octree ,TEN Octree B 1K EEERNERRE. BON BRTRUTHXNRKENEHHX
Octree! 1] FM{-/1998 #®,TEN R #&t 3 -

#R

FHRLCPBHZSOHCHENET i 8 8%
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BEMELHE MM T XREE: (1) B8
MEENEAFREREY TR B
)X 4, 3R B 7 B &R, T 5K B S S R L
FREFMNER; (2) BEEHLAREETEES
TR % 5 2 (8] £ 23 [ 25 4 70 23 1| 40 o
4 & ®

& EFriR , R A 3D GIS Rik MR H 2 GIS &
R m S, 3D S EEAHAR 3D GIS Hig
5FEHRHELZ—. REZBRMROARER
A BB 4 o b 0 75 1) A A A I S T R
REEIRAREBER ST HRMN LA, AN
3D ERBMHMB A RE 3D GIS REMEEA
B, ¥FIDZEBEMSEEEBRRGEAIS R
)R8, — R HFE E N RO, ELAME M
J 7S 1] SE R AR A R R RRYRIA, X RZ
BRI ER
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