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A Multi-scale Modeling Method for High Reality Rendering

Relative to the Viewing Distance

Daisuke Wakatsuki*!, Ikuo Ishii*!, Hiroei Imai*!, Akira Takahashi*? and Hideo Makino*?

Abstract - This paper describes a multi-scale modeling method that can display the
wide VR space with enhancing the reality. We divide the object existing space into cubes
hierarchically, and control the fineness of object shape by the parameter that indicates the
complexity value of object shape. Utilizing this parameter, the object shape is simplified
smoothly relative to the viewing distance. Moreover, the high-quality and high-reality
VR space can be presented because the expression of the detailed shape of corresponding
with the viewing distance can be realized. We showed the validity of the multi-scale
modeling method in the high-reality wide VR space that has huge quantities of data.
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1 octree 7 — ¥ f#i&
Fig.1 The octree data structure
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REMOHRER TIRE S aliE Iz ORBREEH N
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4 >DRBIZHET 2. RE (), b) FENThAT
V27 POAFRELUMNHIIHEYLT 5B E T, octant
Ny FEERLIZV. RE (¢), (d) 1d octant 224 7
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(¢) boundary octant

(a) outside octant with no child octants

(b) inside octant.

(d) boundary octant
with child octants

2 octant O 4 KEE
Fig.2 Four states of the octant
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Fig.3 Numbering of vertexes and edges
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Fig.4 An example of octant patch

K1 octant /Ny F7— % O
Tab. 1 An example of octant patch data
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Fig.5 The patch data of an octant
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Lc: current level value
Lm - max level value
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END

6 FIHA
Fig.6 Procedure A
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B 7 octant ¥ RY) TVED 4 DDIFEREE
Fig.7 The states of interference between an
octant cube and polygons
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Fig.8 Procedure B
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Fig.9 Generation of the approximate patch

TFYHIFET S edge A DL D AR ZDOTHAE
R EMBRITHET D, 2BRICTFELIFET 5 edge
BOIIBEEITFENRLVWLDET 5.

L,=L, FTHELTL n > 115556 F oc-
tant WHET B Z LA TERWS, FIHAODIZHW
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LM EBRNTHEL L RIVIED octant EEA T
BAEMVEREIRICEZ S, 2T, FEEHEE L HRY
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RAKEISBER) TR TERBOAENAKREV
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DE—R) T VOHFEIR (n;'n;) =1 95, Lz
Mo, K1) TH SBO~ L, ETCOEREDZL
220, BEEERY) I OEREOAENKEWVEER S
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S = X Lc (1)

3.2 WREBEHMEIC & EEBRHEE

X 10 W RESEEE I £ 2 HBERFHE0 —# %
Y. RERPLT T 572817 octree Tl 72 < quad-
tree TRLUTH B, octree X B7a L CHHET S, L
NNVELBOH»SH 3FETDoctant HRELTH 5.
octant #RT ARy 7 ADFOHRFZVTHRFEHE S O
ETH5. S=L Doctant 13%H octant TH Y, [E
1y FELD. §< LD octant & NEBHET octant T
Ho, HYNSy FELD.

IREHE S # AV THEEREHET 51213, R
RLEWVWEHIERRINGA—Y T 2AVS. T %
octant ZHEIRT HEDMEL LT, BH 5 octree &7s
F0, S=LFH3S>T &5 octant R L TF
REFERT 3. N1I0RXT=15KRELIEEET
T, ZOHA, NFDABRTHAR octant 2HEREN
%. L =1T octant(A)(C) iFEREINT, Foctant
PHBIREN D, octant(B) iZF octant F/= 9 S =L
HOTERENS. L =2 T (E)(Q)H)WJ)K) »
BIREN DA (F)(D(L) 32BIREN T F octant HH:ER
Ens. L =3Tid (M~(X) D% octant 2 ERE
ns.

M111EM10 £ @ L octree TT = 0.8 DFE &R
T. M10 SV BEEIERL 2T, I5IHBELE
RERHTIVWOT T BNELKEREBELEFATHS. T
D4, L =1 Tl octant(A) »EIRENZFDFLT
D octant PEBIREN < x> TH 0 BREITEIR L 72
5. L =20 () CHRERERE 0.6 DIRLTIRT

K10 T = 1.5 T®d octant DER
Fig.10 Octants selection by T = 1.5

11 T = 0.8 TD octant DEIR
Fig.11 Octants selection by T = 0.8
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HEDTHBLENT T =15 DFAEFBRIZ L =3
D octant(Q)~(T) B FERENB. £/ L =2 D oc-
tant(L) 2RI N T = 1.5 OF A L 0 IR EREL
Ins.

FARTRIDOEDIZ, BREERIIISLTEEE
Fx L X)UED octant % IR L TR EFERT 5
TENTES, BOLHHMETIE SARKEVDTKRE
YA XD (LRIVEHNEN) octant A5HE N THERE
ftaned vy, BELZYOESH LSS ZiE § M
NEL, IMEWVWH AL XD (LRVELE) octant A
BN TUERBEIPREFEEIND.

FHEBECSCTCT 2B EFETE 2 LI L0 HE
BEZIS L EIIER A E e NS, HREEEIZ X -
TRIERAIC £72 5 B8 1L octant D L RNIU{E % IR T
EDENETAOBETHY, Z0-0EEHEDE
RELIZBALIZH L CEDLOTHERIZ, h > RHHE
BEEEICIS U CHEBERAERTES. i, $hHT
TR TIE L RAED K Z W octant TH S A3/
EWVERLDZERHD, BELEIZNEWY A4 XD
octant PRI N THELBEENERT I L H 5.
ZIT, BIRENBLANNVED EB%E T ZIELTH
Y EIZHIBR T 2 A5 AL TWS,

¥, KAXTHRIREN S octant B EWIZ BT
% octant I CLRNVESRRLZLBEINHS. LI
fEHR72% octant I TR BROFEMENRZ B 120,
octant A T octant /3 v F DAEFIZ & 2 A4
C3. Mh»EDR%25H#FH D Marching-Cubes /S v
FOTEFEEEEDE S Crack Stitching [5) % # A
THILIZEST, ZOTEFEERT D Z L HBEEET
H5.

3.3 HERETOMER

BRNBR2 ) -V FTOER d,, octant DEEE
B d octant O—WDES 7, FO—TWRZ 2 ) —
VIBERREINLEEDORE R g, b TN, ¢ =
(zs/ds) X d 12 2BRD H B, 7272 LFD octant DL
BR7) = VEIZFTIEIPNTWBEATH 5.

22—V d, Tz, 22—V LORFSR
x5 258, c 3RERJICBVWTRESMES
RIET B 72D octant DX EEERT. F72, octree
DIRD octant D 1 LDEE % o & LIz 4, s
d TRRDEER G X 5 octant D L _IVE L, i

a

L; = roundup { log, (;)} (2)
&b, 127U, roundup I3/NBUELITYID FIF %
LBITH 5.

—77, octree 2 #K T 5% octant DR E T
0=S=L, DfEZEH, X (1)IZ&LD octree D LN
MEL, 2 &R EEND. £ T L, OERMHEHE

=Y

a X d;
T = log, (%) =log, ( d) L OSTLL)E)

Ty X

AW T octant :BINTIE, FNHAEEREJ TY
Bl LXWED octant 2725,

4. RBR-EBR

SBT3 SGI - VWS320 (CPU : Pentium II 550
MHz, EEE: 256MB) ®#{#HEH L. Loy y v s
2 OpenGL AW, A7V 227 MER 1321
AT T, RYITUEII5804 TH B, octree TF
VTR, #7927 MEABRALILHEEROD octant
L, BRIV L. RIVITVEFANLET
VNFRT—=VETFANDEHERIT 6B TH - /-,

PIFTHE, YAFRT5—=NLEFMCH LT, S
WIELTA T Y 27 b 2E0BBIR % octree D L X
VBN THET 5 HRE LVEHARE L8 LR
N RIRRBES UKL (6] [5) kY L AS L E
AbNd. ZnIXLT, BIREEES BV THEKRE
ReHET 2AF X BFHUEFHHIR L L8 BHE
#HEAX, LAAVHEAR LS RIZRY) TV EF L
DEERED LB % 1T > 2.

RUFMEERERETROEREY 1 » L4,
BT 2 LRAVHESRD LNAVE L, BLO
HUEHEARO T 0K, SEEHTERINS

®2 REEEIIAT BRE Y F I

Tab. 2 Viewing distance vs. the number of
drawn patches

- UARNVHIEAR | R EHES K
L. NoF8| T| RNyFE

256.0 0 0100 0
1280 1 8| 1.0 166
64.0 2 14 [ 2.0 447
32.0 3 55 | 3.0 1075
16.0 | 4 222 { 4.0 2521
8.0 5 880 | 5.0 5293
40| 6 3410 | 6.0 10655
2.0 7 13192 | 7.0 22888
10| 8 39395 | 8.0 39395

08 - 40000

0.7 / | 35000

number of patches / [

0.6 i 30000 g
) 05 " total displaying delay time o 25000 g
2 04 T %//1 20000 3
g simplification time ~ .E

03 W 15000 E

0.2 //‘ 10000 "

0.1 -~ 5000

00 — - . . 0

0.0 10 20 3.0 40 5.0 6.0 70 8.0
r

12 T OZR{L & MEERER

Fig.-12 Parameter T’ vs. processing time
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viewing distance : 2a ( T=17.0)
number of patches : 22888

=

viewing distance : 8a ( T=5.0)
number of patches : 5293

viewing distance @ 2a

number of patches : 39395 viewing distance @ 2a ( Lz = 7))
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Fig.14 The complexity value control
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