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Abstract Terrain Visualization has become increasingly interesting in recent years because it has wide application
backgrounds. In this paper, we summarize the terrain visualization to four categories in terms of digital terrain
model, terrain simplification, multiresolution model and terrain reality. Based on the survey, discussion and
comparison of existing methods and results, we formalize the concepts and research contents of terrain
visualization. At last, the potential applications of this domain are predicated.

Keywords Terrain visualization, DTM (Digital Terrain Model), Terrain simplification, Multiresolution model,

LOD(Levels of Detail), Terrain texture, View dependent

Vol.5(A),No.6
Jun. 2000

[l

0 3

AT AL RIBER, S AE 60 AL Bl B
FERGRHIL, R R, G B R R
FVH AL AN A% S 4R 3 B A2 B T AL Y
L B, TR R TG T AT i P ) i A
VAL AH A A R Ll A S I AR I AE PTG R FE
T I B 45 20 ST PR B, D i = 4E s LA B R
gt NIT—EIBR A, AR, L EAE B =gk n]
MAC I 27 JE Ok B T SR REE AR AT AN 7
T AR A . AEVH SRR 5 D, PR = 4 ] P 22
AT KR ME B (B 3s 55, T T K HY RE 58 X 2R
SRR IEAE — RS I, 2, IR K — Bt
W1, L AU R R IR AN BE A i 000 AR BT

Y% HEA: 1999-07-01; 24 (ol H #A: 1999-11-22

1, BT8R a8 — AR ARHE, (875 AT S Bl =4k
AL IR, AFARE K& B TAEBRA BBt =48 %
N S b AR =2 BRI R g R
OpenGL"" . Direct 3D"™ = 4 8 {1 b5 ¥ ¥ 4 37, HLJE
=YENT AL IR AR T L SE.

Mo ) TR AL & — 1T LA 50 7 R A 1Y
( Digital Terrain Model, DTM ) B¢ % & /& 2 15
( Digital Height Field) )2 7. 1k 17 T4 4 245 1)
AL R T U EAE AR — A3 BT AL
PR 2 A, V5 LA R e B B A R, & Y
W BB RRL(GIS) L SIS VR) V7
OB B R R SR B g AT
(flythrough) « -3 2 5 R FH L A5 208 1) a] AL
SHAK.

SCHR[ 51~ SCHR[ 8] AR AN R £ B2, % 4



450 o B S T 25

HSAE(A R

P T ALALRIAR 5 B — B0, (L /b R 2
L, A SCH LB T 4 A1 4 o B0 7T LA 7
T, 5] p $1 24 DO RN SCIR G B, D48 i i
ST R AR

1 FFEHAHYRRFNEEHR

K Mol A S R S R = M 3 R AN
) (1) 2R R 7 2. o S5 v 2k R s 7 VAT iz T AE
F R RIS B RS, w4 TR
FoRn =YW E 5 v Tt FH A I R s Hh 1
T2 35 1) 500 A i T SETL I L IO T 48 o 1, e SE B
JeH— A R Rk R R Y R RE, RS MY ) 5
R v T R A TR TSR = 1 W SR R R HLTE, A
T RSB, A e T4 16k 23 1) 10 it
AT RSB WnE A AN DL B T e R
FONHUE TR B L VA AR IR B s M T I I 2L SCHR
[ L] BCA BT IR E X

BrH IR AR X P D TR X2
G, B E—ATPTHXIBIES J2 (R, R2, -, Ra)
i SUAE JRE— N ESLREUE 2= fi(x,y),
i=1,2, .-, m, Zﬂﬁkﬁﬁifcéﬂgﬁ (E,% =R 5
R AHAR, WILE AL RAAE fi= fi BATREC 7 H
TERITH AR £ B, BCE R A 575 50
TANRELf R 5r Z I 53T s AR, BT
n AT RIS 2 AR 0(n) BT ECR X 355K,
Pk, B o AT B 1 S R 242
P 2 1 o 2L

LR LRI B G T R — PR R A,
YERREM ID, 76 ID Z )5, [H 2 mkm Xy *t,
U ARC/INFO ) GENERATE SCHE™ . I %5 4%
Bl e A i = e th B A P A T vk — FR AR
Tiling""“ ™ M AR; —F & B M Delaunay' > """
SRS R LIS AT = e B G AL H
B F S 2ok AT M R 3 AT — A BB R i A, ek
FEIE A W S R 2R K G W IR, R Rl B 1
RUORAESSEIF R, BTLL, H a5 A R X Fh 5
V2%, T HE 5 i 2 P e P DO 50, T A BT
% 7 R FE R DEM .

K W HUE SEBr Bl — A 4e A, Honm A
T T B R, SR AR IR . — NS
o R T 4 B s D TS, 3 R T R 0 R e R
sk B ARG TRV E. WEN E R £

P A, (BTSRRI —Ffr 5 3k, AE R 10 2 S
[A) 2 TA) AP 4. H R AATT SR/ FR AN P SR P R —
FAEL 590 DA BORS JE, 1 2 e bR 3k b 4 380 4% 190 19 i

DEM HJHEAE I W AT 0 F 2 R E H R
2, KA Mx N M, SERmERERE L S, i
IHE O, AR R R & O(Mx Nx S). 3 S
IR, LR

SCHRL 18] 32 H 1 K FH 73 P i) 77 V2 R A 28 Hl,
HIF I Z AR O(M* N+ P), P AP
Hdh, SCER[ 19] 0P IX M7 AT 1 o5k, SR 5%
JUSF— R RN R R o B, B IX P 5 VR 5y HE I
Kl ) s, RIS, SN, AAF IV AR RO, X0
TR R R B e 5 v e ) A ) A AN T AT
(7. SCHR[ 20] 4 H 172K HI DY SO R 5 2ok L 23 Kl
B G HB IR, T B AR KAEARATR I E
KM T 0T, AR AT RS

SCHR[ 9] $ H AR 7 7% 2 516 o 45 v S 1) 509l 7 ik
Delaunay =R A, BIRIE AT Delaunay =
W, HEAT M A AE. T H Delaunay — f 42 B VLT
I AT LA E] O(S e logs) ", Horh s Hy4%
E A NERE . RNZTT R A M S, SS8  an ]
FI A% BT v B — AN =AM e RRAE H
R, BREATH. R/ CAH B Delaunay —
Wb, CRAFA = MBS = MBI R, B4 STk
[22] 42t T — 0+ 20 Ty Wb i € [ 3 R ik, XA R
AW AR S = MBI ) = A R
T AR, A 3 A ) AR B AF 5, AT R s 5 VR A
=B, Biue MIRER R =M. — B SR
W ST AE B = A 08, 50T AR 12 = AR B Bl 3L =
FTERATE, DA B =R . BT A2 B I A
FEBATHEAT 1), 84, JXFH 7210 I 1) 52 2% BE S AL T
O(SlogS+ Mx N) . XF AL s AL T EANR
10 H3e AR T — AR T VR B e A R
[l I, 3] LUK 2 5 s i R 2 o i 2 b S0 Y 47
6 2%, ESRI 1 Arc/ Info ¥ TIN Bt/ R X
FRITVE.

MBS 3 BT R R TR A
AR NATTIE H EAE I 18] By N A7 TR R 2. — 7
T, ZERRAE = AR TR B SO, R bR 8 28 2 T 22 4k
i, WA R R B 45 0, 1t 5y — J7 i, AR
RS HEHME 2 KN T W, N5
[) 5% b 2 AT A0 Ak ) A5 FE R, SCHR[ 5], SCRR[ 9~ 11,



%61

EKH: HIE ] # AL 451

SCHR[ 23~ 29] #RERE Y T & B B ECHE &5 4, 3 SR
[5], SCHR[ 9~ 117, SCHR[ 23~ 28] I E¥E 454 H 2
Guibas-Stolfi $& i ¥ £ 4% 45 47" 1) — Fp A2 .
Guibas-Stolfi $& H I Hs 45 74 70 Ay 30 1 £cdiss &5+ A
AT B S5 1, Ll ) E i A A 1A AR
PR = FATEI 4 S B FREE RPN TS SR 4845,
L6 M. T =8 BB 454 WA 5 3 AN HEAR
MR = AIE A S 3 AT RS, L6
NMEEE. Lee 1 Schochter! ™ B UE A, %71 N AP0
RUAEEM Delaunay — i 75, = MATERIEEAN N.=
2(N=1)= Nu, WHIEE A Ne= 3(N= 1) = Nu. N
g PSR T 58 ( Convex Hull) B S0, A
L, N AP AR NAFAEIERUIA (Nt Ne) X 4)
X 6+ Nx 2x 4. X B EIRE Y dbyte, BN AW
A dbyte HITF RUEL XFE, BNAFIEALN 128N byte.
A A% s 21— A W (R G e T TH A5 32 TRk B
RIS,

2T RHAT AR B ik Ron B A HA
DL, BULE = R SN A AR EE. R AATA
R, =S W s 1w LLS 48 23 (8], HN b ot
HEA A A=A WEE T. Kumler™" & £ 42
= R B B R N R B ) 3~ 10
f. B8 b A% L TR REAS sl U ELH 2byte 3
RFORF R UL T HN BRI MERE, =AM
(A R AR, B B 4 = 4k B s ¥ & 1
BREERE =M EEE R, MILTS =ME
(IR /INTE DR, T LA Do b 17 40 21 =/ I R ) , i
8 = A B BB K ORI, IR ] LR & 2
TN

2 HFEBYE L

Hu TR 1) f AL 2 H B Ar A TR N . AH
Bl R R B SCHR KRR, 8T A% B 3 JE 214 I b B
TRT AR PRI IS8 BB/, 1T i T (%) ] A0 30 5 2 i3 A Y
HTE 21 = #7  Hb T B = A I 3B T 21 = A1 4t TE 11
fT A, AT AR SCEE ST 1 1R T T 44 A2 A A 1Y b T 381 =
£ 0 1 T 1R T Ak IE W — TR, T SR 1R
L, X T PR 1R AR 43 06 L ). BT IR TR AL AT A
gy NP R TT e — KR M B A Al
(Refinement) , BEIWRS 4k, 55— 7% B 41 2R 16 15
tk.( Decimation) , B¢ MY M 25y

(1) ERE 20 40 1) 187 4k, 2% 7 92 ) A I i

e MBI RE, BSE ] — A B SR S
K W, SR I R R R RN B B 1 K, RN
Z I R BT M. B SO IR 7k — MR R D Ak
i\ ( Greedy Insertion) 7715, T2V N 0 A B AT
PRI MIFAT B3RV, IR AN R B A/
=AM A TR ATV, —IRIEAZ A S B A
(R = W (1) J7 R Y AT .

Fowler Al Little! ™ 7564t T X PP 71k, %07
R MRAIHTIHR AT, FiE T2 —A
2% 2 FREAROGT g I M T HEA T I8 e, B R () R AR
HRFAE SR SR AR AT GA 1R = A W, 4Rk, i R

A BHER A, BAR=MEM T, H Fowler A
Little JFA 45 AL E I TR SE 4R B2, B2, De
Floriani A IR0/ INH AR X T7 THB A T VF 2 F9,
HE M T — A BAT AR N E D T
Fowler M Little 177725 5y SEELA W] 1. 12754
UATREEA M B, STk — A S IE =M M4y
R 22N I A, AR AR Rl AN B = W AL X
TR RIS AR R 0(n) , (HEhBAT 45 I —Hk
RT3 R A . T, R AT ke i) A At
X IFCR BT EAT TAEIERIE— 2 4R, I3 T
Delaunay, RPRFRERAE B — A TSR] — N 2 IR
B gitath, LOB R R 2040 =4 M 57 1.

Ja ok, AT ] A0 B R K 2 R T De
Floriani Fl Fowler M ox 2% vk al 8t 47 ook,
Garland-Heckbert"”" Bt /2 7E De Floriani TAFF3EAH
b, KPR AT T IR S, s I TA) A2 2% R D 3
O((m+ n)logm), &H B EBAT DAL TR R LR AR
Ry — .

TERE A, — AT AE s — O R H
Delaunay — 47, Ifi Rippa' ™ WK Lawson'"”
) e K B /IMEE ISR TH S EE A5G ( Data Dependent)
—IE. WHEALERH Delaunay —AAHIE, —4~ 81
A, TR BN Z SR =M, Ra i 51X
A=A R R = A . i e B A 06 =
B, AR A = B ARG UL TERT 1 Zed 1
2 Lawson 251F, SR RE &5 A Hit #1 2, 1 5
B =BTk, XRINE, — BN A B S A KR
=M.

(2) Hgn 2 A S B B4R B, 1X R
T3 S kg W M B B AR LA L A = A B
W, FRAEIX AN B AT = A TE W R A, o g &



452 o B S T 25

HSAE(A R

i(Drop Heuristic) 7715/ Lee! ™ P 5EHR 1. 1207
AR I IR NI 23 O = A 0F, Xl
TR T WILREI = A B AR5, FIRTS BB R R, 2E
% Delaunay =fAJE, JFRAFT9 55 Delaunay =f1/F
IR ZE, AR SRR ZE K145 7 B B, W) S R B, A5 00
WMER. Lee' ™ JFHEIXFh 7105 5 tifH 2040 1) ST 28V E 1
1T T WAL, A XA T I AE RS B B T A8k 2 .
Scarlatos—Pavlidis' ™ JUIFE H T 45 i 2 1) th 40 2H
Jiik. AT iR R T W A v R ) =M BRI
THIAH S8 ) = M TR RIAS B 1 77 1%, LIS B R4 =M T8
R H Y.

Hoppe' ' KM 5 Lee #H R 15 15K KEH] UhH
=8, SRIG A 915t ( Edge Collapse) 17714
= FTE R, b T R AE T AT 4G = TR i 30
B, K TSt ie B, JRn st ik, K5
Kt Ja BRI T S R T 1.

F 0 IR PR 077 9k B AR AR 8 75 T 22 B e fH 21 4
(77 % e, ARG I AR = AR TR BT 5 B N AR AT AR A
A2 0. PR EAE =B W AT 4k, =MIER X
T RPN SR, T =MTE M P B3 R R o2 e ot
A7 IR SR 4% A — N T 128byte WAL, —
i 2 000x 2 000 K& I TEAT4R =BT I HT A7
512M.

AN, BT EIRLB|ME Chen-Guevara M $2 H 1
B U, BT R R A B I R 3 D Y
L5 1A 3% 3 RSN % I T A T8,
R PTIR I B2 PR, R AN MRS 26 2 Dokt
BT R R R Delaunay — A TE M, FEKs s AR R

B E T UEBRARYE — A 3x 3 MAAREEAT Y, BTk
AR HRORE 2, DRI/ B AR 1 BB UK.

3 ZoyPHtisEE

243 AR U027 ) I i AT AR 5
— BN, IEAIHET I TSR AR, T B
NG, A EAENAE S BonAE B (i) 2 Ik
H— MBS, anAEEAT ML) AT BRI, ik —
A BEL) 10km, K27 1 000km HIAPIRIIE. % S0m [
W A% 15, B — A 200x 20 000 FH& 9 A5
. TSR A X AN 0 a7 A sl 4 350 36 1) B B 4% R, AT A
HLasthxE LUK SZ (A 8x 10° N=M7). b TIiEm
BN B, 7R bR RATARI, SR g 0 R 3

MHTE R AN 34y, R K Bor 5 E DB RA 5
003 HAs, T L3 vy RO T, X R R
BEWFSTIIMAE X ( View Dependent) BiAR. 545, ik n]
PSR FH BSAR s 2 (R M A 5 22 B 407, 11 B AR A Izt 1Y)
HEA 0] LAD— ri 51, SR IXPIRR A 2 A
(Level of Details) FI775, FIFE AT DAEE & T 1 IE
J%. De Floriani®™ Ay, HiJE £ 4> PR RLLEAN[R] 7 9%
K8, WA K2 EE; ANE R 18 1)
DI ORI BRTE ). T T A 4 PR 22 20 R
JEARSL:
3.1 EF=ARISHERRE
De Floriani > & 4632 H T FHJZE Ik &5 Mok A Hh
TE . WA BT IE I—2 =( T ernary) F17MZ%, K570
RN JZ IR = TR, LR W 7 J2 IR ) R =
MIEH © RER, © 2 ANEeERIEE D K=
P, v B dEA N S =M R A RK
RZEHI S P JE BT G = ff 4 . o S5 S 0 3R
TR = 4, R E (1) > € WIEA—=ME
B R, E () AMIES = MATERIRE, e &2—1
WREBE) . R x SR =B S =MIE
FHRHARRKREMN L P G, HiERE P 5=AFK%

HWAZERH B, HFHAEERK H THR=MEH
R RZE BE G, [ OO BT 58 . 1 EVE R I A 2
2R O(Nn), n HIZRIECE. IEW De Floriani H
Cs HIRRE, F— 2 =T AL 2 IR = MBI
KT AN AT G (R A1 K = A, AR TE LA
RN [

It Scarlatos—Pavlidis' ™ ®' X3 T H A&
NER =M IERBSLER=MAHRE. 5—5
ZHJNEML, RS R A IBAE R A P
AN AT R — A= AMATE R 9320 R 5 Mg, B

WKNIRZ, E(e1) E(e2),E(es) A=A, 113 4L
LB KR, € AEK 0 R Z BIME, A

O HE(int(4))> € HH E(er)E(e)-
E(es)< e, BEE=ME, M3ATEE P E
B 3 N = A

@ B E(er)> € HHE(nt(4)) E(e2)-
E(es) < e, EH e1 5 er MXTHITIAT, ¥ 1 50 B0k
PN =T

® E(int(4))> € - H E(e) > 6E (e2)-
E(es) =< e, HH: 3 AT 2 P, FK, &4 Py 2



%61

EKH: HIE ] # AL 453

P, B 4 AN E = E.

@ M E(e) E(e2)> 6, HHE(es)< & I, iE#:
P B Pa, FFEFE P1( 8 P2) BIAHRT I e1( 8 e2) , Ff
i RN =HIE.

©® 2 E(e1) \E(e2) E(es)> € I, %4 Py £ P
A Ps, &8 P> 2] Ps.

&Y IR = A B T e T80 = MR
AT B, EAT5 VA R A XA 1) 7L

7E JZ X Delaunay'™ Hl 4x 7 £ = 1 B i 7Y
o, IS Delaunay —fMER4ES AR IR LK) =
LB, T Delaunay — ff JE 10 £l 2% 1% i, i 15
Delaunay —ff1 /& 7] LUEE S 40K = A1 T 1 H IR (R
A B, AR 4P N = AR AN TR =
Y 2% ) BLIR) = A TR AR R ARG I T B A OeU P =
% B ) R B K Z (5 B £, JF %
Lawson' " HEWIREAT = M TEIARAL, IXFEE AT DL 2L
i3 o P K = A T2 R B, SCRT LA B P () = 4t
AL, X2 H AR A I =1 T8 J= s B o L
U — M.

TEHTE ) 2 73 HRA T N T A, — A& AT
] A, FEAN[R] 73 B 3 b T = A 9 22 18] 9] 6 IsF H B
(1< Bk popping) "4 Hoppe' ' $21HH TAEHEZS
#(Geomorphs) 22 TE 1) 7122k SEELAS [F] 43 H R th B
= A W 1R ) 4. Hoppe! ™ ™) ¥4 i 11 1% B2 4% W PM
( Progressive Mesh) HIAE 51 A 2 HuJE (1) 875
HEE DR =AERM O(n) , 2l — MR
L MO A — R B IR v sp Lito, -+, vsp Lita} SE
LA e, vsp Lir PYY g7 28, A I, M A m] LG
T — RV BRI AE e { ecolo, ---, ecoln), TEoK N AL
BB AT 26 4. FEREAT PN R MR = A 1
DI, 3k w] DUE ik — A 8] 2 80 2 45 = M T2
AT, XA, AT LA T Ao A5 b R 2Rk RAT I, PRIAN [
I3 HER T = W) i H B0 Bk B4
3.2 ETHEIREHIRE

H5 b, BT R — M E R, (H O T
WHRTTAE, AR & MR Bl — MR i 2 3 S
R AP R g0, DU SOR R 2 AR 25 44 1 — b s 4
Fagtez o= 9 i Y SORR KRl 43 38 ik 3 VA B T vk — A
FEE DX IR AN W B AT — 20 DU BRI 3, B B —Fh 4%
PEAF 21306 2 I, XA R 73 A5 1k IX R Y SRR 73 2
— AT R BT R e 3o DY ORI 4y
RZEBIME, E(q) AFIEXIE ¢ 5HUE & RKIRE,
A2, DY SCR R 70 T8 8w BA oy R BA R =25

@ F 5 2 i 7 D559 D A A1 0 A0 DY 5532 1)
RGBT — 23 DU BRI 73, JERE X — Rl 7336 21 DY SR )
AR R DY W T 4R k.

@ fEJa 8%, WAENFHIE X I g, W
L E(q)> € WA, g WISz it 36 A 5E T8 X 8
U 4 AN AT 38 H K 43

@ ST A FE X IR 2 E (g) < € I, &l
II R I

{EL DY SO S 73 455 28ty >R oY A 1) J: — o T Y X
B 73 R b s EO 25 27, BT s ) B 2
A& 2 HREEKR T R, BT R Y 2 AR T X 3
KANERAS—HE, BRI, AEARTE SR SRR HAT a2 th
IR 4 B 3 T ) AN 22, X AR B BRI, 45 LA
T 55— AN o) BEBRATT ] DA Tk 5 3 0 sl gk b b B
(1) X R T By X5 AN 1), Von-Barr ™ $EH T
A5 F R 0 Y XA ( Restricted Quadtree) 77721 LA
fift e, IE g RS B b ) DY SRR A B R AT T
IR, BI5E — DCI HLARRE I I AN RS2 I, w] it
X 12 DX A5 DY SRS s A 6 A s AT 4l 23, B
WA 5 AR DX I B ) K

B0 Y SRR K1) 3 A5 B A7 7 1) ) B, Evans®™" Al
Duchaineau' ™ 2542t 7 R H M = M T8 5 5 Hu B
() J5 ¥ 1% 7 1 2 30 3 AR R — A SR IR s 25 7
KL H A = ATEE IR

@ R R R B I, X2 = X e
ANFERT R AR A, KB R 7 O A B =B
VERVIMG =M.

@ MEANEM=ME 4, WRE(y)> € WHH
HA =M 4 R H sOREL AR B A =
TETI AR ER, 1% B A — A TE 5 B AN 8 K H A
=M. TR E A =MIBINTE R, 2 s I 1)
T S A R L AE = A A ( nontriangular) , FT
CA, ZEX) J H ) =B AT R T o 0 2, IR
T3 22 L BLREAT A R IK.

@ HPTH K E A =M B 2 45 2 R 23K
I, XA = AR T 1 23 25 1

4 T o L1V V0 L A S o
HJE R 7 VR e — Mk T E R K R ). 4 E
B R R SR N, BT ek B DY SR A SRR R
AR E R, I 5T = MIB R Z R B oK
— T AR A A BT A R BRI B — R IR
P =MIBES. WET TR, < Bkah” R AT
FET WA HR 4 AL R A0 Lindstrom!™ 2538 H 1)



454 o B S T 25

HSAE(A R

FET DY OB R 3% 2 2 X 41 715 ( Continuous Level of
Detail ) W FFEAAE“ BEB)” DL 4. Lindstrom 42
() 77V 72 S K L T A 0 A R DY SO 5040 &5 4y, (R
A DY ST B ECHRE 46 48 - ANE LAY 2 R A i — A
HERRC W HERBORE 6 ZESLHIEI 2 40 9
TEAY, T K A W DA T 380 JEG 4 3 40 1. & TR AT A
FER =B ZUG 1B, 58 4 R0 W I 40 (AR
R AR R T — A e e R T R AR B R
I ECE AR H M ATTER S I RE PP IZ AT R, I
WA ARG AR AR AT PR I REARL, 53 A, IX a2
R 1) N A7 35 F6 KK, A& & R TE B B 1 B oK.
Duchaineau” %5 A1) ROAM #3455 Lindstrom 1
TAEH AR AL.

4 HEBEXME

i T P9 B S 2 b T W A A P B S A0 1 4
b 25 SR LA e R A 7K ST B A T 3 v, A AT
TV 1) LS M SR ke . [ T A A O R R A
OB A IS Bonsh, B8 T e s, i
AT DA N B % ae B (B TR IR A B g K]
5 O TR G (R 4 e AR AR R 55 & i
Hh M (8 TR RS

(1) HEg&n ECaiERm ESn
B % S0 (W TR SR | X8 A WA 48 = b T B8k
P RO 15 AR — 7 AT E AN )8, dLp— A
] 0 A 8 B T AT S 2 AR P )L R
NT ESR G, (155 ARG R 24k, W8 52
THUE I BRI, HAEMTE 2 SR I £
Iy HER SRR/ S - R B oy R, ARG
MRPE LS AR R IE B L 4 R R, X2 A
TN A 5071, W04E OpenGL Hmh & 11424 —
NERAL glBuild2Dmipmaps() , R . &85 1 &
GOy HER, B — T TR RN AE ISR 75—
A R RSHE %0 2 0 10 8, 38 W RO R S
OpenGL) H 3 HF 1 024x 1 024 IS . e 5
TR KB %53 BB /N R ST, i 64x 64, 48 5 43 i
TS m.

(2) IR KE S EEEE e
FM, BAR AT CABE T8 B B B SE . {HAE = 4 Hh
PG B RGH, XTHUE o RS A B I A
S TR BT S T A, DAAE s IA) = 4 sE iR X

AR, A BEHEAT A G B2 WA= B8 B X TR
R =4 2 Mg T AL RS
MultiGen'™) JF & A7 & T ¥ = 4 it B 26 j 4%
Creator. [K 1] 55 1% — 4 it 1Y A i A2 B 2%
Yy, R FEIEAE RS T i R L T T AR R G, —
B R J7 R S A A B = 4 Y T B
3DMax) K&, R )5 A BMIE /PR G,
Xt ] SRR U, W DORE 3 2 3 0F S T = A
SRR TP REAT R 4y, AR K R B — s I R
U R = A S A TR TRT AL R TV A5 AR
Yo, T AAAE 2 LB N3 31 R &R, Wil AT 1, BT A
XK =MEH s ELERE 2, HKREH
Delaunay — 1 JE #l#fi f& & Delaunay ( Conforming
Delaunay) — f B % o] LGRAIEAE — £ T34 43 i 2
AR I IR i = e R D IR 7 < Dl i S AP R U K7
Delaunay —ff1JE 0] LAIE k4 AT (0 53, BEORBE T 2
LB T, SCORAER] 70 Ja I =ML R A R
BEATE R (BT =) AEBRATI I E b, el
MR AL Delaunay — 1 1A i T % Fh = 4E % A5
5 = HE

5 BE51E

T R Al LA, JEHE RVE AN T ) a)
AL, 2 /A Bl P AR DR, U A T T 1R
AHE, BT N CA T AR 23X 05w TAF, (HEIESEH B
WA K VS S AT AL SR E AN 2. H T S
iR R P A A TR R, VR S R TR, 3 i A ) A
R, XS AR A A 2 SR G M DEM. [ 10
~ 20 fi%; FUOE Bon L, EARLEIEAT (AL |AT
BN, 27 B B AT 20 24T 10psf BLE .
ARV AR OK, (B AERLIX Vi PN T 2 AT FR
(17, BT DAL - H0AH 5% (0 5500 2 R Ve T N s 7wl A4
(70 P 22, R SRR AN D SR ) 30 4 ) LAY
Y AR R AL T, SREIE B BloE P AL R AR A T 2t
TS BRI B, Prid, BT — M
AL R AT AR 56 5 RS 1K 5 i B B4 R AN
P NS WIUBE R R N = TS i | S AT R 2 L
W, oy BOB AC B VR B 1R ¢ 5 IR,
THOETT A B2 N s, B AR
Wt KA A, S AEAOK JLAFE BL, RiAT S 2
M BRA: i A



%61

E KB T AT LA

455

10

11

12

13

14

15

16

17

18

19

20

21

2 % X

http: // www. washedashore. com/ terrain/ LargeT extures/ index.
html.

i, H—AR3D B EARKIEFES. #EIFHLDIY, 1999( 10) :
13~ 18.

http: // www. sgi. com/ software/ opengl/ datasheet. html.

http: // www. microsoft. com/ .

De Floriani et al. Multiresolution models for topographic surface
description. http://www. disi. unige. it/ person/ Deflorianil./
publications. html.

Heckbert P S, Garland Michael. Survey of polygonal surface
simplification algorithms. Multiresolution Surface M odeling
Course SIGGRAPH’97, 1997. 5. http://www. cs. cmu. edu/ ~
ph.

Nielson Gregory M. Tools for triangulations and tetrahedriza—
tions and constructing functions defined over them. Scientific
Visualization: Overviews, M ethodologied, and T echniques. IEEE
Computer. Soc. Press, 1997.

BB, D/NR, AR, 2R AT G 3 R AR R
rpE P 5 B B 2R 3R, 1998(9) : 754~ 759.

Macedonio G. An algorithm for the triangulation of arbitrarily
distributed points: Applications to Volume Estimate and T errain
Fitting. Computer & Geosciences, 1991, 17(7) : 859~ 874.

Tsai Victor ] D. Delaunay triangulations in TIN Creation: An
overview and a linear-time altorithm. Int.

Information Systems, 1993, 7(6):501~ 524.

J. Geographical

De Floriani, Paola M agillo. Visibility algorithm on triangulated

terrain models. Int. J. Information

digital
Systems, 1994, 8(1): 13~ 41.

Geographical

Lee.J. Analyses of visibility sites on topographic surface. Int. J.
Geographical Information Systems, 1991, 5(4) : 413~ 429.

ESRI Arc/ info User Manual, http: // www. esri. com/ .

Choi Y K. Park K H. A heuristic triangulation algorithm for
multiple planar contours using an extended double branching
procedure. Visual Computer, 1994, (10): 372~ 387.

Keppel E. Approximating Complex surface interpolation techni-
que for construction 3D objects from serial cross—sections.
CVGIP, 1989, 48(1): 124~ 143.

Delanay B. Sur la sphere vide: Bull. Acad. Science USSR VII,
Clas. Sci. Mat. Nat. , 1934, 793~ 800.

Lawson C L. Software for C' surface interpolation. M athematical
Software Ill, New York: Academic Press, 1977, 161~ 194.
ERB. HHEE R RS T Auat EFERE R, 1997. 3.
TR MM 22 . BRI, 1998.

FOKHE. —Fh I DEM (A sl Sid. HEHLA A S B, 1998.
4.

Su Peter, Drysdale Robert L Scot. A comparison of sequential
delaunay triangulation algorithms. Proceedings of the Eleventh

Annual Symposium on Computational Geometer, ACM, 1995, 61
~ 70.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Garganini I. An effective way of represent quadtree. CACM,

1982, 12: 905~ 910.

De Floriani et al. A delauna-based method for surface approxima—
tion. In: Eurographics83, 1983, 333~ 350.

De Floriani et al. A hierarchical data structure for surface appro—
ximation. Computer and Graphics, 1984, 8(2) : 475~ 484.

De Floriani et al. Data structures for simplicial multi-complexes.

http://www. disi. unige. it/ person/ DeflorianiL/ publications.

html.

De Floriani et al . Delaunay-based representation of surface de—
fined over arbitrarily shaped domains. Computer Vision,

Graphics and Image Processing, 1985, (32): 127~ 140.

De Floriani et al. Hierarchical triangulation for multiresolution
surface description. ACM Transactions on Graphics, 1995, 14
(4):363~ 411.

De Floriani. A pyramidal data structure for triangle-based surfa—
ce descriptin. IEEE Computer Graphics and Appl., 1989, 9(2):

67~ 78.

Guibas Leonidas J, Stolfi Jorge. Primitives for the manipulation
of general subdivisons and the computation of voronoi diagrams.

ACM Trasactions on Graphics, 1985, 4(2) : 74~ 123.

Lee D T, Schachter B J. Two algorithms for constructing a delau—
nay triangulation. Int.J. Computer Info. Sci., 1980, 9(3): 219~

242.

Kumler Mark P. An intensive comparison of triangulated irregu—
lar network ( TINs) and digital elevation models ( DEMs).

Cartographicsa, Monograph 45, 1994, 32( 1) :

Fowler Robert J, Little James J. Automatic extraction of irregu—
lar network digital terrain models. Computer Graphics
(SIGGRPH"79 Proc. ), 1979, 13(2): 199~ 207.

Scarlatos Lori, Pavlidis T. Hierarchical triangulation using carto—

graphic CVGIP: Graphical Models
Processing, 1992, 54(2): 147~ 161.

coherence. and Image
Scarlatos Lori, Pavlidis T. Optimizing triangulations by curva-
ture equalization. In: Proc. Visualization’92, IEEE Computer.
Soc. Press, 1992, 333~ 339.

Scarlatos Lori. Spatial data representations for rapid visualiza—
tion and analysis. PhD thesis, CS Dept. State Univ. of New York
at Stony Brook, 1993.

Schmitt Fracis, Chen Xin. Fast segmentation of range images
into planar resions. In Conf, on Computer Vision and Pattern
Recognition( CVPR91) , IEEE Computer. Soc. Press, 1991, 710
~ 711.

Garland M, Heckbert P S. Fast Polygonal Approximation of
Terrenes and height fields. Tech. Report of CMU-CS-95-181,
1995. 9. http: /www. cs. cmu. edu/ ~ garland/ scape.

Rippa Shmuel. Long and thin triangles can be good for linear
interpolation. STAM J. Numer. Anal., 1992, 29(1):257~ 270.
Rippa Shmuel. Adaptive approximation by piecewise linear poly—
nomials on triangulation of subsets of scattered data. SIAM ]J.

Sci. Stat. Computer, 1992, 13(5) : 1123~ 1141.



456 rh [ P % B TR 2R HSH(A R
40 Lee J. Drop heuristic conversion method for extracting irregular 51 Evans William ez al. Right triangular irregulay network. http://

41

42

43

44

45

46

47

48

49

50

nerwork for digital elevation models. In: GIS/KIS“89 Proc.,
Volume 1, American Cogress on Surveying and Mapping, 1989:
30~ 39.

Lee J. Comparison of existing methods for building triangular
irregular network models of terrain from grid digital elevation
models. Int.]J.of GIS, 1991, 5(3):267~ 285.

Hoppe H. Progressive mesh. Computer Graphics(SIGGRAPH 96
Proceedings) . http: // research. microsoft. com/ ~ hoppe/ .

Hoppe H. Smooth view-dependent level-ofdetail control and its
application to terrain rendering. http://research. microsoft.
com/ ~ hoppe/ .

Chen Z T, Guevara ] A. Systematic selection of very important
points ( VIP) from digital terrain model for construction
triangular networks. Proceedings of AUTO-CARTO 8,
Baltimore, MO, U.S.S, 1987, 50~ 60.

Heckbert P S, Garland Micheal. Multiresoluton modeling for
fast rendering. In: Proceedings of Graphics Interface’94, 1994, 1
~ 8.

Samet, H et al. Hierarchical data structures and algorithms for
computer graphics. IEEE CG&A, 1989: 48~ 63.

SR, M. et DY OB B — i it dr A A s STk VST LA
Bt L B B 22 4. 1992, 4( 1) 1~ 7.

Samet, H. Applications of spatial data structures.

Wesley, Reading, M aryland, 1990.

Addison

Samet, H. The quadtree and related hierarchical data structures.

ACM Computing Surveys, 1984, 16(2) : 187~ 260.

Von Herzen B Barr AH. Accurate Triangulations of Deformed.
Intersecting Surface. Computer Graphics, 1987, 21 (4): 103 ~
110.

52

53

54

55

56

57

58

59

Www. cs. arizona. edu/ people/ will/ .
Duchaineau M et al. ROAM ing terrain: Real+ime Optimally ada—
pting meshes. TEEE Visualization’97 Proceedings. http: // www.
llnl. gov/ graphics/ ROAM/ .
Lindstrom P et al. Real4ime, Continuous level of detail rende—
ring of height fields. In: Proceedings of IEEE Visualization 98,
1998, 279~ 286.
http: //www. multigen. com/ .

Harrington S. THEALE 2. dbnt: b ntfifa K& H AR AL, 1985,
271~ 276.
Chew L P. Guaranteed-Quanlity mesh generation for curved sur—
face. the Ninth Annual
Computational Geometry, ACM 5, 1993, 274~ 280.

Proceedings  of Symposium on
Ruppert J. A Delaunay refinement algorithm for quality 2-
Dimensional mesh generation. Journal of Algorithm, 1995, 18
(3):548~ 585.

Shew chuk Jonathan Richard. Triangle: Engineering a 2D quality
mesh generator and delaunay triangulator. CMU Technical
Report. http: // www. cs. cmu. edu/ .

Staadt O et al. Fast multiresolution surface meshing. In: Procee—

dings of Visualization95, 1995, 135~ 142.

FkBA 1996 - 3RIF A K 1A
17, 1996 4T % 1998 4 3 [ He 45 /R K24 1
+ )5, B8 AL s B R 5T BT
RENE. EZERF T ) h B B R A,
Hb T AT A





