ISSN1600-9825 Journal of Software ¥ # 2 i 2000,11(5):1181~1188

ETHHEHNMMREN S HWEHTLS
Ing EE:

(BEXEHENMZSHERE £ 100080

E-mail; wli@cad. cs. tsinghua. edu. cn

AE 2ATHHEAABREHARZBRNANBRE, A TEA L HL0 S8 3 oW 2k UG L
BEot ]l R AMAEREREHEN TR EFAERE B4 5 BAHMFHRAN T AE, R p
BERMREN G EEAAREY RS LW, R ERE AAFEEHIRBETRTHTEE
X FRRERDARNFT kLN ZARBEHFE B RT O MBS L MEY G LB RE, — 42
RABEN P ERRIN S F R TRHAL LA F - AAL LT EHESARENEANSRERF
MABR R ZRAA RE B L Fa, AN T E R bbb,

@M FoMEML, SHEM,FR LA LR AL,

HEES S TP

EHFHSEARBUAE AT UASFEARANXERNT Y4 5L BAERBTAMEEX LT =/
EHTENEH HEERUALPNERBE. CITEBU RN S HATRL S ERM R ELH T
ERORMUBREE R SRR AR A RKBY T - AR 4oLk B8 Bkx—m
HATEERR.

(1) f S5 A7 /] WAE 2

(2) &+ E | 4§ (mage based rendering) ;

By FFTHEMND AR,

(4) &4 B E BT (multiresotution modeling 37 level of detail modeling ) fRj fL B &

MR TEERRAHERANEHANRFPRAEHWERSURBRABASZ Ao ERE. AR
BRTHSSR . AFERKNTLESH S A S ZERNANAFSAXRERAENANALR 25
FAOHRSFEERIUTE SR REARAF TN EREIR. AR HABE . S0
BESA R Y EE LA A TSR QRS HTES RN IR NS, BB AR LS R
WARPNEFMANTBRET Ry ERA, RER S - AN ST A THBNARRRSH
BRAEHEEE R RS A FREEEAEAEN A MARRE LW E. IR FTEFSAREESH
BAVGERATHSEER. ELERERMNEHERN G EER.

B w BHEE (digital elevation mudel, & 3 DEM > f2 % 3 {5 B % % (geographic information system, i #
CI)TRBEBHEENEE BN UHERPN SRR RAH  ERNEENBE S SRRANEERR
f, @350 = 2 5 (height field). BEERBFHEMUISBEERETREESSH TR ETHKRRTERE
Rfe. MBI T 40 R AR B (digital terrain model, B #R DTM )8 & K, %4 4y #3840 77 L POy 2 3485 2 th X 1A 34
WL BrMER. FRAF S B E Multiresolution B LOD)EAFEMNT U ERIBERERNWR FMRE
TRE.ERERANBEEELE -EAREBREREAFAN A4 BL THFEMAM - DHES RN, 0

* AAMABRINEAFARBLES No, 698330100 W HETHM, K, 1973 F £, WLE, TERTTE I EHAEE
FHFUERAL. EEE, 1922 F4, 4R, W LAIW, TEHFRIBRBHHAOLAE S B2 H 27 8k
FOCE TR A ERM,IE 100084, HEXEH YA 2 SH AR RRER
#F 3L 2000-02-28 Y B I . 2000-04-18 7 3 45 & B4

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



— 1182 Journal of Seftware #AFFR/ 2000,11(1)

B L R R ) 0 X SR R (R O R e

EXH A AR ERUN TSNP R - ETA SRR S AN BRER, XRTY
BEMXNERE B ES RN AL HELBEM PR T P RBWMEREL:

1) HEHEFHEH TR Fractal dimension) , AN BRI A/ NEEB e T HEF.

(2) B4 TR BB /A ah B R BT DI 2R 4 0 A 18 0 0 IR 5 4

(3) R Z B8R (restricted quadtree )7 B 3 M B0 B R 15 W48 & 3 7 1028 445

) 2HEHEFESERETHEESHRAE. EEHAPRE TR TSR -2 280K 84
BRE FRAIHRBHNERGZELBTE THE.

(5) LMK (view-dependent) L, M ALERTRLAGE HEFH. AT KD SREHE R,

) MAFREEE FANREYAN TABEEHESES.

1 HxpIIiE

B Al AR I R 8y SR 0 = B3 RIRE Ctriangulated irregular network, fEifs TINVE RIERE S T X EWER
LB LG R A58 (preserve topology) A RFHIPEH F R RELBTRAEELR TRy
AT SR ETEL S R R (view-independent ) 77 % (TR 35 (static) & 7+ B A 51 & (dynamuc) £ 3 BB b F &,

EFEGAEERATR R, BE ST E R R sampling and filtering ) 78 . 14 FI& (pyramid)
TR, — Ak S 0 T 0 AL I D B B . A A % PTRE B R MM R AR B MR o BB M WAL RS
DRMAMEFEFRAEFEARERAINL. SEPEAS TSR RSN BHHK v HEESHE
HWEERS.LAERKE. BRAS Ghierarchical subdivision) 77 % 5 4 i 162 (divide and conguer ) B % B # 17
RR=fRk ARENEEFLBERRAHMHASR— N RETRFENOZE R, VRS O B NPT H
Mok k-d B A 4B = AT W43 B (quaternary triangulation), 2 f1 7 = 4 i (ternary triangulation) 52750 %
BEEME WY EESENENNS - REERR. BT Jeannee) W AT HEHR L. EENSEE"Y
FABFERLABTHS ERREENSARNEES O HTREN = M3 4 (0 Delavnay SH B 4OF B R
TR MR EE SN R S i A F 8 S S B RES, %4 B Ceartography) 4
HR.AMEERE.

5 9b 3K ¥ (refinement) 773 5 i {6 (decimation ) A B R FE AR A S B. SE R NS0T L WK T,
BRBA TR ERBEE AR EERTONS FEFHFTES A4, EEX SR EIX
BRENREZRWATHENE N S0 A EEHH A (greedy unsertion) B E R ETH, ZENELASR
AR (ESRD A B MM M fm B R EWHE Arc/Inlo M EMERERR T —HBFE RBBEHHE A~
FH ARSI E BRI RSRATEE L REE ML F T ENR T RN
M. BT LR MR I EEATE ARSI ST APB R B E RSN L. gk
By 7 4k 77 94 BR RT LA T F TR & M B (vertex decimation) . 32 Ml B (edge decimation? %, = b B M B (triangle
decimation} , T B M (patch deci:nmion)miii 1 EFE . TERTAAN=ZANMBESNE S RENG,.GER
Eip M g

T B T R R CDEM ) FR B 194 3 % R4S A B 1 4K 588, Lindsuom 7E Siggraph’96 LB PO B3E
B BY 3 1R W = M 84 (resiricted quadtree triangulation R RO A A TFH IR EME NI N EE £ 5
HERR RHETHE®ET B (screen-spece)REF RE P B T4 S B4 1T 00 T8 %7 5 fd % 004 2 5
BRFE AEEMMETCREN SRS A EM L, Pajrola # Visualization'08 + % Lindstrom # RQT ¥
EHANH RN AR FA N A RSN T AR BRI MRS HE R ERT
A R AT RN XRIG IR ZEAEG NG, B MR EER THETE RS AMRE
Hlin it BETRMEALBEENELABE AR B EEBEHEST N HS R HTLE. TBR122BAT
—HETHEEENER S 0EINEAR AT SR S0 AT SR RERERERTY
VHEE HETAERTHENTAHEBEN Y RB S ERTSHAMANEE S F BT hE .

© HEFRES AT http:/ www. jos. org. cn



ERS FETHHAKORAEY I SRS 4 ' — 1183 --

FALKMASPHENRERMERAMNELE HBERTHFRE 0K ERF RS &Y, 840
FREAERNEREQV. EECHANRHRRODANFTERATHEEL. RAETHE R SRR
REHNRBUEY BABESEFE WO FEIB AWML T EN SR TERINGEAHE. A4
ReEMERE . HILRERS.

1 REAFRERNE

FRMBFRER. A TLENSR, A RE SRR R WR YA A 5 E N AR L, R G RS
MM FRAHFERNETANREN ELMNBE RENSHRE2TAE AR AAFALTHBERER
EHHAE . Et EMAEHITRRUN =R, B REF R £ 058 H LR
21 EFSRSRMLRATEER LS

1975 48  Mandelbrot @48 T 4 LM 2, AR GE [ K F R 88 5 5 50 0T LA BT 8 88T
e BARJL AR B TG S B pg ML S iR AR L. B WA NERBRET AR FAEit e R AR AL ER
ROSGFBEY— B EAT RB RN EBRRMEERH RN E— EBE LR 8 T A2 &80 5 A
BELFRF @ RE A
211 SBEHAMYITH

3 2 W R PR A B (box counting >, @ F RO VI R B4 1T F0 R A B R0 R AT T2 B9 AR R

I HEL R WX ErR - TREEREMN,FAX ENEEETH, BORRU (>R ¥R 20 X)

A0 PR XN Sy M F TR R 9% 8 ¢ BB BRI IR Dy =tim L DD ey

ME DoFIARA F AR

MIZETRETH AR RS A I T EAERE BN IR S WA T ENEE N .
HEABUERBRY MBS RAE—4ABES Y I eI FBRA ARy FARZE FRE Y S
f-BREEAEFHBIAR. H Bz BEAANER cUAB)PWATEGERYS 3~5 KL EHRFH
HAELTESFHSHAIAENG AXERFRN LSRR E - ENRESERATH EHLER . BTH
ERABHIHIILTERRASFER Bk, e AUHRAE. J UMK B o Q/e), In (V) MHEH =
Lo V88 4 B Cinear regression) W E BB AR T EESH R R (R B HERELUMSTHEHE
D5 CF A A,

ne Z;(lm ¢« lniNCE) D) - ;lne . gln(i\’(e))

Dy(Fy = =t o —4 - il .
ne > ned - Sine)’

AFCH—PTFRY SHATLEERA T ZETFENSBER AEN LERH e~ R m AT,
21z BREHBERUS

T a8, B S 2 AR R B E N ARG BA A EENBE M HEREF G, ZnEs
BREERIERN BRELIEETFER. EFTFERASBERERARUAAEHN TFRES A PHEE
REDBXHHTBR DRSS EAGEMOHREN T A FHATEALCL4E THER KNS E
NRERSHW THAFRE THITEY RIS,

ERELHP, FRFEALCEREHTEERENBRRY . RATEBRGITTREREMBEREHF
BE.SRBERRET 2 OMNREARKTUEANREYH MEL T2 i N EAEHNBREL ST HE.

AegxMaBRENr TESNFETUAEEHER. SHEETREMNNBO AR uRAXFHA£K
Fell o NAEMASaNrE. EFEAEROFENRAR B ENRL AER THAMKIH
ASH AR BER T ETEARUSRENTARNERFES M ERRER D, 6 FTLH S SHE
FREXGEE BR, ZFRARALATEN THENSHAXEERTS . AEES $ERAMEANHEE N
EXRESBTRHRERE AERNESFRE BMRATHSSE ARERHM SR 80U REH

© PEFEESSRAFITUR bt/ www, jos. org. en



1184 - Journal of Software -ﬁt’f‘f’-#ﬂ‘ 2000,11(%)

(adaptive quadtree). ZEMUIE P # BN B B LH L HA B R HAMPH AN FEA SRR AELHNE
SPEELEREHEERENNRTABE MRS TEELH WS AE AR KRR 0 R mE 1 5
R FHARY OEFRAAEEE SARMYMETA T A RS SWIN, HFHERY 64, X LM
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Smoother areas don't

be subdivided further®

D0 KRR FH-- 55 R

Fig. 1 Leaf nodes of adaptive tree structure based on fractal dimension of terrain model
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Fig. 3 * The level and dependent relationship of vertexes on RQ
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2.2.2 MRBREHHTHE

HAREHNHHEAANETANERNKBELRE dTRBXENTHEEE, FREANEZS2ITRE
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Fig. 5 Visible areas F and its inner vertex
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(a) Mesh image (b) Reality image with light
(a) % P (b #F % B 9 B3 R 15 1R

(c) Texture image (d) Changed mesh alter view point moved
(e) 7 S 3L i B AR (d) N F (OB RABEE 4 BN — P E
Fig. 7 The simplified result of 10251025 terrain mesh model
B 7 1025X 10253 7% Fl 45 # B A4 6 1 45
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(a) Mesh image (b) Reality image with light
(a) FI¥sHE (b) #F o M AY 3 5 iR 4R

Fig. 8 The simplified result of another terrain model
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Level of Detail Dynamic Rendering of Terrain Model Based on Fractal Dimension

WANG Lu-jin TANG Ze-sheng

(Department of Computer Science and Technology Tsinghua University  Beijing 100084

Abstract In this paper, the authors use a tree structure based on fractal dimension to organize the 3D-terrain
mesh model and realize real time continuous view-dependent level of detzil rendering of terrain data. The total
algorithm can be divided intw twou stages: preprocessing and rendering. In preprocessing, it builds an adaptive
tree structure by considering the complexity of terrain arca which was evaluated by the fractal dimension. Then
it generates triangular mesh approximation by dynamically determining reserved data points according to the
view related factors and performing a real time restricted quad:ree triangulation. Experimental results show thar
this elgorithm is simple and efficient, and supports the interactive real time dynamic rendering of terrain model.
Key words Multiresolution simplification, fractal dimension, restricted quadtree, terrain model, dynamic

rendering.
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