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Development of Volume Rendering Module
for Real-Time Visualization System

Takayuki OTANI and Kazuhiro MURAMATSU
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Nakameguro, Meguro-ku, Tokyo

(Received February 9, 2000)

Volume rendering is a method to visualize the distribution of physical quantities in the
three dimensional space from any viewpoint by tracing the ray direction on the ordinary
two dimensional monitoring display. It enables to provide the interior information as well
as the surfacial one by producing the translucent images. Therefore, it is regarded as a
very useful means as well as an important one in the analysis of the computational results
of the scientific calculations, although it has, unfortunately, disadvantage to need a large
amount of computing time.

This report describes algorithm and its performance of the volume rendering soft-
ware which was developed as an important functional module in the real-time visualization
system PATRAS. This module can directly visualize the computed results on BFC grid.
Moreover, it has already realized the speed-up in some parts of the software by the use of a
newly developed heuristic technique. This report includes the investigation on the speed-up

of the software by parallel processing.

Keywords: Scientific Visualization, Computer Graphics, 3D Image, Ray Casting, Simula-
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Fig. 2.1 System configuration of JAERI real-time visualization system.
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Fig. 2.2 Pixel data generation modules of JAERI real-time visualization system.
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Fig. 2.4 GUI of JAERI real-time visualization system.
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Fig. 3.1 Principle of volume rendering.
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Fig. 3.4 Resampling for ray-casting.
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Fig. 4.1 Voxel search of ray casting.
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Table 4.1 CPU time for volume rendering.

AT — % REF OME OB RAER

BAB T8 67x47x37

{# FA3t+ B4 : NEC SX-4 (1PE)

#E : V7Y SR 4SRRI A

RIENVEROFE

A7) —VEREK | BEEOBS | V7 V7RO | RARMICHAL
RBIZX B HE BT 55

32x32 145 % 8.88 # 6.06 #»
64x64 590 # 21 7% 17.5 %
128x128 30 4Ll E 102 # 61.1 %

4.2 RYa—ALIHY) I IEE

BRLERY a—AL v F VoY 2P a— N RO ERMTHRILY 2T ACHESL ., B
Ua—Abr ¥ Y 7EREERL EHETRT,

DT RTE®RIX. 37T Tabled. 112X Lo ¥ Y v 7 UBEMEZRL 6L R—Th
D, 67x47x37 DB TH T, KEF (E7V7) OBERRESEOHE %2 NEC SX-4 %
AOWTHEL, TOoBRETHIELZHDOTH D,

KEFOBRERERMEOBESHEZR Y 2—L L X VU ZEBTHERLTWVWS, Ef
FOAVES (RERES) IEWEOBENEWNWI LERL TV,

EEFR ALY AT L OO ATHRILEER > THVWERT U7 oo atFEg % o
HERBROR ) 2— LV VU TOBRIIMETHZ LI >T, #iIER Y a—b L ¥
Yo 7HEgL OREEREL T3,

Figd2 DR Y o — KV ¥ Yo 7 HEifgix. 256x256 BROKE X CHEREATEY, R
Ya—Aby Y ic BT 300 CPU time TH 0B Thole, = O ENIEREMIL,
B CIER L R FRRE OBELMODRIT+HBOON D bOD, EREMTHRILY AT
LOTHLEEEL L TR LV —BOFmELBSLERLVEEZ BN S,

WD eI Fig 4.3\ R—07 — 7 # SfEwmKIC L v Ikl 7=61% 73, Fig.4.3 Tk,
AVERII—ROBEGEOBERERDEOSMEERLTEY, FOREOKEFIIb,»
50, WEOBREFIMETIIDLLLR,

THIZHL, RYa—AL ¥ ) U VEBIIIEBRORTFE EHIZ, TORESMB—AR
RTh5,



JAERI—Data/Code 2000—021

(a) time step = 150 (b) time step = 165

(c) time step = 180 (d) time step = 195

BUERORRK & 2 2 WEFTE» SEAEBR L TV T
TDOREGTN DD 5,

Fig. 4.2 An example of volume rendering image.
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(a) time step = 150 (b) time step = 165

(c) time step = 180 (d) time step = 195

BRMERORK & 2 2 WA AT 5T L T BT
D25 NEORES E TiEbr 5%,

Fig. 4.3 An example of iso-surface image.
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Fig. 5.1 Parallelization based on ray-decomposition.
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Fig. 5.2 Parallelization based on domain-decomposition.

FEIEOBEIL. DIAROBITHBEZ T ey I REFOFEROLV X Y 7Y
HYT DI LIERD, 2O, Ly F YU TICHBERRY a—AF — X IFCYE S aty
Y ECHFETHZ &ICRy | ITHEGERE MO 0 v b ~BIETIHERRY, F2, ®
Va—bF —FIZRTET7 78 ZABHELRELRY,

B, ATHBE LV VIR ARG LR D7D, BT TREHHEBOEB NIV EE
MOPHAEAY LT 0k vy P R5| EEEYBREOEBLIH L VEROFTHRILEIT > L &
7Y, Tay FETOMMBSBRENT., RO ok y FICEFTIAERERS S, F
7o, ABEINTZAR Y 2 — AR LICARSWEZERIZ, ThE2EL<EREBLT1HKD
ERICE L OB TRITNERICSIE R, R a—AL ¥ Y o FEBOARIX. Bz
BEHROET —FERLEbENI LV EV I O TR, BB OREDIEE (FiEH
#) 2EZRL. HETIVERD D, BROARLIEIIE—D7 vt ¥ ETiTbRiThid
RO, ZORZIE S vty SEOT - BERRAETH S,

2L, TR L EREREITI 7 nk vy e L THNE, HERZERER 2t v
WCRE LT RITRO BN D b, BRART vty o7 o v S R3 Rk OMATEE -
EfRAERE LTV 5 MICERARAENFZITTENT L VWO T, IFEE - BRAER & Ef
BROAM AT v Rk Tk, Figh3 IR T L 5RO NAT 54 NBBFERTE |
HROICHATE Z2TERENH D, BRTIR, ZORTBOTERIFIC L 3 50BED K



JAERI—Data/Code 2000—021

BEALLEXOND,
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Fig. 5.3 Processing on parallel computer (server).

Features of ray-decomposition parallel volume rendering and domain-

Table.5. LICHEEANFNC X5 WFIHEOKBE L LD D,

decomposition parallel volume rendering.
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