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A Multi-Scale Patching Method for Partial Fineness Control of VR Object Shape
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Fig.1 Octree.
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Fig.2 An example of the multi-scale modeling.

a a X dg
S: = log, (E) = log, (m ” d) . (2)

ZZT, aldBD octant D 1 WDOEXTH 5.

HE DB octree ¥ P LATEDPNTDIEIZ %R F D,
S > S &% % octant X EIRT S &, b,k iiiE
T S AAKREVDTL RIEHE octant 25EIR
NERFIC RIS LD, BRLEDEFELHEDT 2L
S HNE SV NIVEHE Y octant 23BN S NLFEMIC
KRN TRRFESRFICRB SN S, ZOH#E,
2 D& HITRER L BIEHRE  RIREBE B T
LB R\ TARGER B RIS T REIC 22 5.

3. VIFRF—ILINyF

3.1 JIFRH—=ILINyFOF—4

MC T3 octant HfL T/Xy FHREREN LD T,
F7T 27 N EENE—L NIVEDBEIIIFIEE <
Wy FRERTEBH, BHET S octant BTL ~ILE
PELHEET octant RTH 3 DL H I8y FAR
HEHRIZ % 5. ZOERE BEET S HFEE L T Crack
Stitching [12] (L& CSEEIER) 23 5. ZOKE
TIXBHE octant DL NVEDOEDS K X WITE Rl
RSO L AR TR 7 MV OWBER Y O
M2 NESERKT S, T/, T2AFXYTF—%%
WHIBER, BEROBRET 2 AF¥7F—5 LD
SHICEROBEREL LEIZR S, #2T, B—T )L
TVALTNRYFEERTELINF Ay — %y F
AEE (L MP L IER) 2825 T 5.

MP {ETIid % octant ICULTOF—~% %52 %,

o INFRY =Ny FERTFT F,.

o BFMEETTY F.(3), (6 =0~11).

Level n+1

3 E%AHLANWED octant BITHL 578y F OAES
Fig.3 A crack between octant patches at different
levels.
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(c) Including
edges vertices

(a)Crossing (b) Crossing (d) Otherwise

a polygon

B 4 Octant &K 1) T DREEIKEE
Fig.4 The cross conditions between an octant and
polygons.
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Fig.5 Multi-scale patch.
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Fig.6 An example of the multi-scale patches.
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WL/ VR ATV =7+ ORI BKMESEO 7200V F 20— Xy FHEpE

Procedure MPP
L : Current level value
START F, :Patching flag
F.(i) :Edge flag
O/ : Adjoining octant
( - @A)
ooking for O, {j No
j = 01 lv 3 FP =y
| Yes
®-1) . Looking for \
Obtain O.() child octants
with £yt \ k=0,1,7
Testing F (i) »
i=0,1,11 ]
(D-2) No 0
Does O,(j) exists? Move to the
¢ child octant k
D) I
Yes ®) ecursive call off ©)
No > >
Looking for O (y) Procedure MP
|
Move to the
parent octant
| Testing F (i) I |
J Looking for
child octants
(D-4) Generation
\ of patches J/
in 0(0)~0.3)
;____ A

END

7 MPP - YV F R F — 8y FERE

Fig. 7

i

(a) Self-intersection (b) Solution of self-intersection

8 HCRZERE

Fig.8 Solution of self-intersection in 2D.
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(D-2) AT 5 0.(j) KdhiE (D-3) ~, %iFh
X (D) 28 T7 5.
(D-3) HELLTVHRBTFHRICET LMD octant
o BTNy F & EREAL 5T (D) 2T, &k
it H1F (D-4) ~iEdr.
(D-4) O.(j) PHAERAFEA TNy FEAERL
(D) % T3 5.
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MPP - Multi-scale patching process.
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E IZREL WA /Ny F OV ERRD octant 12T
BT LD HORENRI ZURElNH 5. Tz
J A7, EXRELZVSy FHRERINDY
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Ny FEERT 5.

3.4 TNFRI—IINy FOEER

MC #, CSERU MP kTAEB SN L%y F Ok
TFEEnENHE 9(a), (b), (c) IKART. b
WX )T octant & 2 RILT/RLZZ. X 347V x
7 PRE/Sy FOTRR, BMH¥ /Sy FHzERYT. BE
octant B TTL NWEA R 5356, MCETIE/ Sy F
PAEFI 2 D ETEP AL 5. CS i MC ETAE
LAy FOZEITE A2 REIEET A 7912, octant HEFHE
FOEAZBET LI LICE > TERT S, MPET
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Fig.9 Each patching method in 2D.
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MERF S B 70O JEARAE, RN PV RS 7 AF v
T A OBEELAET, BRORVIS Y FOERH
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9(b), (c) CHBSNE v F%HBFAL, CS
FETIE 8y FTEED octant T EICAR IS
&, octant DRKE ST Ty FOREZIZIESHD
ENEL, FE p TRTBWEICALEZMMZE S F
PHEM SN AU REMNH 5. MP ETIZ SNy FTEEMD
% octant IZEICMIIC S X GN/-HNEBEHTH L0
HEREINDRY FORESDITH DI D%,

4. REEHER

A7 NI )X L% SGI-VWS320 (CPU: PentiumIII
550 MHz, Memory . 384 MByte) (ZE¥ | % iR
FEL 7z, L ¥ ) 2 2iE OpenGL & v 7z, Octree
ETFNVERRVANVEEZ Ly, =8 8L, #7727

DEFRZEE A 10256 DI HKRE L7z, R L TR
THHEORRIZOMEET AL L7, WBICHWSF
7V METIVT =¥ “bunny” (# 70000 K1) T
> ) & Stanford Computer Graphics Laboratory @
T A M HEIEL T octree EFWVIIEHL 72, #HH
RO/ Sy FHERLBTIIEELBERTL700ICHOR
ABLELITo T, CSELEDIEICL 5T
MP #ETHEBREN 237V =7 b OKEL AL,

RKVIT P ETFNMHE CSE MCHETRERT —
¥ % BEEALT 5 octree ETFIVANDOEHREIT 180 #
BETHD, CSEDT — 7 EITH 28 MByte T, MP
Eo7— 4 8138 17TMByte THh 5. CSED /Ny F
HBT — % 1 octant DIEFR EOREMNET — ¥ é:
ZOERNRT PVOT —FH 12 £ v MBS,
ECIREFE7 IV E, NALIEREEEL %0)(216%
RIMVD 1LY NORTHB7-DT — 77N\,

Octree 7 )VIZRFRERIB 2 #A L, SIS
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o0 Processing time of MP : ©
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0+ T = ()
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Observing distance

10 BISHEBE T A B L 8y FH
Fig. 10 Processing time and number of patches vs.
observing distance.

F 1 WIKBREOTH L EFE
Table 1 Mean and standerd deviation of the shape
error.

Observing
distance 1000 | 2000 | 4000

Number of
patches(xlOS) 24.2 8.6 3.9

MP | 0.284 | 0.424 | 0.843
Mean | &g |0.295 | 0.428 | 0.834
Standard | MP | 0.228 | 0.360 | 0.694
deviation | CS | 2.12 | 2.33 | 1.16

BRI EIL SR AD CS L MP ED /Ry F
ABLEREFR & Ny FEER 10 1ISRY. T 7O
HABEERETH L. Ny FBEImARTIRETEL <,
777 ETIIDEETCE v, BISEBEOBIMIEVT
KSR ST, 8y F 8L Sy F AR DS R
FTh5. AVVFVET N OETIMLIEERILY 180 ms
T, BZHEEE 500 Dbk b MP ExEHAL 2A
ETFTNVOFB L) ERGFEBEITTFETH 5.

2%y FHEBSLERE O RETIE, MP #id CS #:0
12 MR E 2 ), MEBHEOR S ZRL TV
b, CSETIE NNy TOAEFAEIED 72D DHE, TH
HOBE L ERANT NVOBETE R EICE QUL
MZ2HELTH, MPETIRINS OTNER LA .

3 1 IZEAZEHEEE 1000, 2000, 4000 2BV TRHE S
N BTIRDFEFARI G 2 A2 O T & R R 2=
WSy FHERT. Sy F8id CS kE MP T
L WEIC R A, BREERIFEBROR Y IV THS
BRI ELEDOERR T MIVAEIZDWT, T
FETERSNLRERRE OFEROBRETH L. B
BHEEAKE { % 5138 BRI MR S CFREE
BHEAT S, CSEE MP ETIIFHEEIIRELE
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WX/ VR A7V 27 N ORERNEGIREMERRO OOV F Ay — )3y TR

11 MP EIC X o THER SNy F
Fig.11 Patches generated by MP.

12 CS Lo THEBENTNy F
Fig.12 Patches ganarated by CS.

BV, BIRREDRERZEIT MP EO /P55
WS, CS RNy F O A EFAS IER I HERY
WCKELRBENRETHLDEBDNR S, MP T
REDT LD EN DL \VEIF 2 BRLDS R SN T 5,
BIEHEE 1000 THB SN T ERD /Ny FORT
X 11, B 12 [2RT. BRE—/ Ny FHTH 598,
MP D FDARIC BEICEIRL 7228y FHER &
TWwh, ZOLEXERININNyFHEHBEOL AT T
L& 13 IR T. Ny FEBEOY ¥ T IVEREIR 0.1
THhb. CSHETIE octant BRTRYI SN /278y FAT
ERENLILIZLVEBEDOKRE LDy FHERIZ
ELWE—IpRo6Nn5. F72, R 9(b) TRLAZE
RSV FHRER SN BEEDR D Y, BESH
e L ALELEE 1.0 RO\ y F O HHEDS B,
—%, MP&TEEICA T Y =7 P RERRICEGL

1400

1200

glooo

& 300

° /MP

5 600 e

E w0 |} <

z SNV
N
0 5 10 15 20 25 30 35 40 45 S0

Area of a patch

13 Ny FEEDL AT T L
Fig. 13 Histogram of the area of patches.

£ 2 Ny FHBEOFH L EERE
Table 2 Mean and standerd deviation of the area of
patches.

Observing
distance 1000 | 2000 | 4000
MP | 6.09 | 17.1 | 37.2
Mean | &g |6.11|17.2 | 37.6
Standard | MP | 4.17 | 11.0 | 35.3
deviation | CS | 5.80 | 15.2 | 45.1

T8y FOEEEN B 7203y FEEBEDOR ) 3472w,

F2CHISERI T A AR SNy FEROFE
YERRRELRT. MAEBTIRIIZHEL VWIS F]
TREEP—EL ATV Ve RET A0, Ny
FHEDFHDOEI SRS, BHEREZETIE MP 328
NS K KRABIKRNDBEILHES BTN E VR B,

MP T BRMICEREL 2AEEEF M BIESN S S
EWBRVDT, 772 AF v LD EH—BIZET 5.
NEBBERICBT -9 %252 55727 AF v octree T
B3 52 &N TE&L. 77, octree L IZFIZFERE
fb&3hizF 7 AFy< v ¥r 7y —4 2 HEL, NA
EEIIY vV EEEY 5252 812X > TRBRY
BTV AFYyoE Y TLUERTH B,

14 ENAELICRET -9 2528607
7AFy (HRBK) %2, HELREL —HSET
Phong ¥ = —7 1 Y/ THE L 2R TH B, b
JIEC BIE2 AT 1000, 2000, 4000 TH Y, /Xy FHK
(349 55000, 16000, 6200 Ta 5. BEHEHIZICL 7
WY T 7 AF % SRR 2 SN TWw 5.

5. ¢ ¢ U

WMENF T V27 MCEET A & E R L R
ML BENRZ A L) REBREOERILDO DI,
octree IR EFIVICERFEMERM* EHL T4+ 7
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M14 77AF¥%25047 V=7 bOWEER
Fig. 14 The rendering results of an object with tex-
ture.

Va7 PRENSYFEPRESERTLINVF A -
IRy FERETIREL /2. MC EIZBWTHEE octant
TL RWAEDS B DA Dy F O E % i
ASIEAECEHE T 5 CSEICHL T, RAATIZE
=T VIV XLATREFRNNyFEAERTHI LT
7.
CSHELERFNTH S MP EICOWTHLHEERR &
RBREORBE T o 7o8%, MP #id CS#EIZxL ¢
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