JAERI-Conf
96-002

E90EFACEHBYINIIPREFRSHES
1995 11A 9108, RBH%ERH, RaH

Bl a— FPERAS - VPR ARAS

BERFHDHRPR
Japan Atomic Energy Research Institute




Al F—F L, BAREFHISS PSR AL T bR HREETT .

AFEORME R, BRSO EMTERIVEREHR (T319-11 KRB IR
HERD) BT, BHLEL (3w, B, IolRsHREARFHILESER S F—
(T319-11 RMEHRMIMEHN BFREFDFEN) THECIZERARGTBE 4 - T
BNET,

This report 1s issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division,
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Japan.

©) Japan Atomic Energy Research Institute, 1996

W RAT HARF WA
EN Bl @EFHEHT—-L X



JAERI—Conf 96—002

HWoOE MREFHicBY 5V 7 + v« 7THFR] HRSHER
19954%E11H 9 H—108, RiBHFE, =&

SESES Al ESER: E R
F¥710 — FRRZERS - FUEHRERS

(1996 & 1 B22H )

Asfesy, R THEILH9H, 108k, BARETANAFRESHEFRcELTRES NS
OFE MEFHBITEY 7 b7 = THR] BRELTORERERFE LI OTH S, PRI,
EFHa— FiFEERS S FYERREESO#BIR K-> TiTbhi, Yiab— Y2 Y PEER
L BRERROERE, $3VRT 5V ORHPEEXEENL  EPaT Y E— Y s v
m"ﬁ%@®?~?fﬁb,szauwyayaﬂﬁmﬁﬁj&UFE&ME&%MJKﬁ?
BREDTTOO:,

HHITZEET : T319— 11 ZRMEAEEIRER LR 2 — 4
7o 75 AETERS
RYHho— FHIRERS i IE, Ak Bl Ol B, BH BF (LLEERD
M4 #Fa&] (KA, BE &~ (HD) , &K 2F0 (RIST)
P EERR g B, &WE Bz, MORfE (RLERRD
£ B E2), EE B (=KD



JAERI—Conf 96—002

Proceedings of the 9th Topical Meeting on Nuclear Code Development
November 9 —10, 1995, JAERI, Tokai, Japan

Nuclear Codes Committee and Research Committee on Reactor Physics

Tokal Research Establishment
Japan Atomic Energy Research Institute

Tokal-mura, Naka-gun, Ibaraki-ken

(Received January 22, 1996)

This report is the proceedings of the 9th Topical Meeting on Nuclear Code
Development held at Tokai Research Establishment, Japan Atomic Energy Research
Institute (JAERI) , on November 9 and 10, 1995. The meeting was organized in
cooperation with the Nuclear Codes Committee and the Research Committee on
Reactor Physics. The main subject of the meeting was “visualization technique”,
which was useful for understanding various phenomena in simulations and experi-
ments or for supporting plant design and operation, and the papers on “Simulation
and Visualization Technique” and “Image Processing and Measurement” were

presented.

Keywords: Software, Reactor Physics, Nuclear Code, Simulation, Visualization,

Image Processing, Measurement
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Rujitsu's Approach to Scientific Visualization

Makoto Yamamoto (Fujitsu Ltd.)

Scientific Visualization techniques are developed with the remarkable progress of
performance and functions in supercomputers and graphics workstations.  The popular
visualiztion system is the distributed configuration, in which the results of numerical
simulation computed in supercomputers are transmitted through retwork into workstations
and corverted to the mages for display.

In this paper, the various cases of functional distribution in the configuration are
mainly discussed. And then visualization systems or softwares in Fujitsu in fhe past and
present are introduced. Especially for one of the solutions for real-time visual jzation,
we propose interactiive data reduction and tracking, with the interface to the simulation
softwares. As this example, 'VisLirk', which is the software being developed now, is
jntroduced.  Our trial to Virtual Reality with the high-tevel graphics accelerater AG
and the real-time (G software 'Sight (F/)' is also introduced.

Keywords ( Scientific Visualization, Real-time Visualization, Graphics Worksation,
Solver, Network, real-time computer graphics, Virtual Reality )
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Fig. 3 Example of AVS visualization
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Fig. 4 3 types of Distributed Yisualization
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Application of Visualization Technique
in Computational Science

Tadashi Watanabe (JAERI)

At the center for promotion of computational science and engineering in JAERI,
complex phenomena in nuclear application fields such as heat conduction and fluid
dynamics are studied through computer simulations based on first-principle models
and equations. This research project is divided into three parts according to objec-
tives and methodologies: continuum-system simulation, particle-system simulation,
and large scale numerical simulation technique. Application of visualisation tech-
nique is studied for the large scale numerical simulation technique. In the course of
establishing a- d'istrib,iltéd_ processing environment, an animation processing system
has been developed, in which simulation results are consecutively visualized on a
server workstation for image processing and automatically recorded on a video tape.
In this report, the animation processing system is described using examples in the
particle-system simulation.

Keyword(Simulation, Visualization, Animation, Video)
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Fig. 1 Computer system in JAERI
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Fig. 2 Animation processing system
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Fig. 3 Sampling and collisicn cells for DSMC calculations

TEMPERATURE and VELOCITY FIELD (Ra=2703)

Te80K 9500 800

T=250K 320,000 Simulation Particies
46x20 Sampling cells

Fig. 4 Steady convection rolls
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TEMPERATURE and VELOCITY FIELD (Ra=043)

T=150K 326,600 Simulation Particles
40x20 Sampling cells

Fig. 5 Heat conduction state

TEMPERATURE FLUCTUATION (Ra=843)

T=80K 808 085

320,000 Simulation Patticles
40%20 Sampling cells

Fig. 6 Temperature fluctuation in heat conduction state
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TEMPERATURE and VELOCITY FIELD {(Ra=5341)

160,000 Particles
Aspect ratio = 10 200x20 Sampling Cells

Fig. 7 Convection rolls (aspect ratio = 10)

TEMPERATURE and VELOCITY FIELD (Ra=5341}

TESCGGK

Aspect

Fig. 8

200x20 Sampling Cells
ratic = 10 169,000 Particles
Convection rolls (aspect ratic = 10, vertical size x 5)
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Temperature field
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Fig. ¢ 3-D Temperature field
(cyclic for x and slip for y directions)

3-D Temperature field
80K (diffuse)

500K {diffuse)
40%40%20 sampling cells side-x - slip
840,000 particles side-y : slip

Fig. 10 3-D Temperature field
(slip for x and y directions)
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Fig. 11 Sampling and collision cells for cellular automata calculations

Fig. 12 Flow around an obstacle (rough visualization)
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Fig. 13 Flow around an obstacle (fine visualization)
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4. TUOONBIYYVOFTORMEBH I 2L—23 2
w7 AE (RH)

HaSFOHE N RAFICES T ARIZBATTORERA 7rT— L. TR F—L AN
ZBWTHH THERIZRATLS, XERTHE., JRIEEFTOEAT 22 L—43
VEBOERAKECEALEAELT. DEI/0GRIFFHLLTL—Y—HKIZL
AZEERFROBH #AEEHLIAL—2a3y (REVTHLO—FFEINZEE) .
Q270 -VASHELEBISEHL LTRBEFTA X573 VROBET
DHEBFIal—3r (EGS4, EVTHLAE) . QTIABRIFRELL
THAYHERA 2 RANWBH R UVEBEKFEFERBAOCEE R S alb—2 3y

(Navier-Stokes zt. Control-volume 24i%) IZ2WTHNT 5,

Numerical Simulation of Thermofluid flow and Mass Transpoﬁ
for Microscopic and Macroscopic Phenomena

Tomoaki Kunugi (JAERI)

Thermal engineering problems in nuclear fusion reactor and high temperature
gas cooled reactor include very wide time- and spatial-scales and their broad energy
levels.

In this presentation, we will show some examples of the scientific visualization
results applied to the numerical simulation of thermofluid flow and mass transport for
microscopic and macroscopic phenomena as follows: (I) as for microscopic thermal
engineering problem, numerical simulation of melting and evaporation behavior of
molybdenum layer irradiated with a laser beam (Hybrid method; Monte Carlo method +
molecular dynamics), (2) as for micro/macro combined problem, effects of runaway
electrons on the plasma-facing components by using EGS4 under the strong magnetic
fields(Monte Carlo method), (3) as for macroscopic problem, computational secondary
flow behavior in a curved circular tube will be compared with the experimental result, a
new type of reversal flow in an isothermal horizontal square channel was found by means
of numerical simulation (control-volume finite difference method).

Keywords: Hybrid method, Monte Carlo Method, Molecular dynamics, Control-volume method
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Table 1 Difference between the the peak deposited energies obtained by the GEANT3 and EGS4

for a simple divertor model consisted of 10 mm graphite ammor tile and 50 mmn molybdenum laver

Items D [%] AD [%]
Peak deposited energy in molybdenum layer 13.6 6.4
Peak deposited energy in graphite armor tile 4.1 147
Ratio of the deposited energy in molybdenum laver -7.3 ' 3.3
Ratio of the deposited energy in graphite armor tile . -9.0 9.5
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Boundary Conditions
+X boundary; periedic
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+Z boundary; vacuum

Fig.1 A simple divertor model (10 mm CFC tile and 50 mm molybdenum layer)
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Fig.2 Effect of incident electron energy on the energy deposition in the materials
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Cooclant tube assembly

z (a) Toraidal case Electron beam and magnetic field are parallel.
(b) Poloidal case (a)
L. so=17 () Unit {em}
X . <y Boundary Conditions
Y W > =X boundary; periodic
\\\\\ +Y boundary; peniedic
. 9 EEEY
proy L \s.( N N =Z boundary, vacuum
25| 06¥ I\ 2N N

oot RN\

! \
$1.0
; Copper coclant tube
$1.2

Coolant(Water)

¥

{a) Type A ! Monoblock concept ,
imm-thick copper tube in CFC block

QN

N \IGFC

Copper Structure

Co | b
Coolant(Water) pper coolant tube

: $1.0 i > Coolani{Water)

| ¢ 1.

i {b) Type B : Armored copper tube concept, (¢) Type C:1mm-thick copper tube
Copper structure armored by lem-thick CFC between CFC and copper structure

Fig. 3 Three types of ITER-CDA divertor configurations and Claculation conditions

E=3CCMaY Ex=1CCMaY

E=300MeV

Fig. 4  Example of the deposited energy contours
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Fig. 2 Comparison bewteen the flow visulization experiment and the present analysis (Q=90" }
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Fig. 3 Comparison of velocity distribution between the experiment and the present analysis
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Fig. 4 Effect of the inlet velocity profile
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Application of Visualization Techniques to the Research
on Atmospheric Dispersion of Radionuclides

Hiromi Yamazawa (JAERI)

The research activities in JAERI on the atmospheric dispersion of radionuclides have been focusing
on both the development of numerical atmospheric dispersion models and their application to the
emergency response systems such as SPEEDI. In the former, a few visualization techniques have been
used by way of trial to help modellers to interpret the calculation results of complicated phenomena in
the atmosphere. Among them, a computer animation with the volume rendering technique has the
advahtage of excellent expressiveness. It is expected that, if its.perfonnance with regard to computer
cost and quantitative expressiveness is improved, the technique would become an easy and useful tool
even for a modeller. The latter, on the other hand, has different aspects that the graphical outputs from
the emergency systems should present information just enough for decision makers. The recent

advancement in EWS's performance has promoted the easier interpretation of output information.

Key words (Visualization, Atmospheric dispersion, Emergency response system, Graphical output)
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Table 2 List of graphical output from SPEEDI in development stage in 1980s.

Wind observed wind

wind field by arrows (in arbitrary horizontal or vertical cross section)

Concentration  |concentration isopleth (same as the above) X (air conc. or deposition)} X (nuclides)
temporal variation (at arbitrary point) X (nuclides)
particle distribution {in arbitrary horizontal or vertical cross section)

Radiation dose  |dose isopleth (at ground surface)
X (air dose rate, external v, thyroid dose, internal dose)

Underlain map  [coast lines, administrative border, terrain isopleth, rail road, national road,

longitudinal and latitudinal lines, place-name

NODEL - PRWOA
INSTANT CONCENTRATIGN [SGPLETH NUCLIOE - SFE
OATE - 83/08/08
{ppt) TINE = 13:00
ot VERT. LEVEL (C) 0.0 - 25.0 1
1.5
CONTOUR VALUES (Oxw=1Z
{ 1000.0
2 709.0
3 100-0
3 100.0

ITACHIOHTA y
w MAX[MUM POINT
t =4.7, -L.51 Kh

957 {.527E-09 ClsMnw3

DISTANCE (km}
[~
o
~
2
x
2

NAKARHENATO

1
0.0 0.5 1.0

<1 . §
-0.5 .
DISTAMCE (km) »i0*

-2.0 -1.5 -~1.0

Fig.2 An example of graphical output from SPEEDI under development stage in 1980s.
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REOBRSEHAEEL-TRHAE TR, Ao 2HARBEORRIZVEICB LN TEY,
BRERVAT AL LTEHORBHEAEEAH DI EE DEATHOBA» LT LR &
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Fig3 Surface wind distribution around Mt. Tsukuba during a tracer expermment
(simulation by PHYSIC).
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Fig4 Trajectories of marker particles release around the tracer-release point of a field experiment.

Fig.5 Schematic diagram of air flow around Mt. Tsukuba.
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Visualization and Measurement by Image Processing of
Thermal Hydraulic Phenomena by Neutron Radiography

Nobuyuki Takenaka ( Kobe Univ. )

Neutron Radiography was applied to visualization of thermal hydraulic phenomena
and measurement was carried out by image processing the visualized images. Since
attenuation of thermal neutron rays is high in ordinary liquids like water and organic
fluid while it is low in most of metals, liquid flow behaviors can be visualized through
a metallic wall by neutron radiography. Measurement of void fraction and flow vector
field which is important to study thermal hydraulic phenomena can be carried out by
image processing the images obtained by the visualization. Various two-phase and
liquid metal flows were visualized by a JRR-3M thermal neutron radiography system
in the present study. Multi-dimensional void fraction distributions in two-phase fiows
and flow vector fields in liquid metals, which are difficult to measure by the other
methods, were successfully measured by image processing. It was shown that neutron
radiography was efficiently applicable to study thermal hydraulic phenomena..

Keywords ( Neutron Radiography, Visualization, Measurement, Thermal Hydraulics,
Image Processing, Two-Phase Flow, Liguid Metal, Void Fraction, Flow Vector Field )
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7. THRACEROERLE 2oV T
A Z8 (K- 1)
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RLEOEGET—F L L, FREBEGFEATIEICL > THWEEOEEILEZT> T 5,

KFEFTIE. - nSOTHALERLBRFHON, 3 RTiEFMAIHE LT [HF
E{gEFEAEL] 2. 3ATEESMAE LT [THBEEIOOIZEa—F b
EFI74(CT)] O2HEALT, REOREELBAT 5. K-FEZIHEREEIL.
HHICEBA LR FORE 2 BHT AHTHAEZFHIT 5, COLODIKIXAT LV
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TR — o9 F T #HVAFERBATH, T-THHBEGELODCT IZDNWT
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Quantitative Flow Visualization

Koji Okamoto (Univ. Tokyo)

Quantity of the physical property, e.g., velocity, density and temperature, can be re-
constructed from the visualized image of flow. In these studies, the three-dimensional
distributions are calculated from the two-dimensional images with using the image
processing techniques.

In this presentation, the recent progress on the Particle Image Velocimetry (PIV)
and the Computer Tomography from the interferogram images (CT) will be discussed.
In the PIV, the same particle should be identified in the consequent images. The new
tracking algorithm with the pattern matching technique was developed. In the CT,
the density distributions were reconstructed from a few projection images, with using

the Genetic Algorithm (GA).

Key words: Quantitative Flow Visualization, Particle Image Velocimetry, Pat-
tern Matching, Computer Tomography, Genetic Algorithm, Image

Processing
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Figure 1: Schematic of particle displacement in two images
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Figure 2: Spring model



Inlet

JAERI—Conf 96—002

4

/ Qutlet

/‘/(-/

f
.

Figure 3: Reference two-dimensional

flow

Outlet

Figure 5: Two-dimensional velocity dis-
tributions reconstructed by Cross corre-
lation [5]

y . KL - o
S, e BT e e N P
.. .
v +

S PRI SR A :.‘.
- AL

First image

Second image

Figure 4: Example of the synthetic images

Qutlet

! 2
RN Sl A4
N B, e S d f
A RN - o, Ay At
! ‘_“'{: i >y "
1 - = - .
G e - . = ¢
. -, TR s T

Figure 6: Two-dimensional velocity dis-
tributions reconstructed by Spring model
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Table 1: Results of reconstructed vectors

Dimension of flow field 2D 2D with A&D#3 3D

Technique CCHFLISM# | CC*' | SM#* | CcC*! | SM#*
Correct Vectors [A] 309 417 91 376 260 387
Erroneous Vectors [B] 89 40 188 38 39 59
Particle to be tracked [C] 482 442 484

Yield [A/C] 64% 87% 21% 85% 54% 80%
Error ratio [B/ (A+B)] 23% 9% 68% 9% 26% 13%

#1: Cross Correlation technique [5, 6]
#2: Spring Model technique
#3: Appearing and Disappearing particles
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Figure 13: Configuration for optical tomography
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Figure 14: Concept of the assumed density distribution
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Figure 16: The source locations

3.2.3 GAIlCL3REiL

GA 2T, FEEAHOMAEEBELT b0 [10, 11]. GA BERROLFHS
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B GA TIREEOREIT, B, K&, ZRER. O3 20FHIP LMD,
AR Tid. TESN ¢*(z,y) PEERIIHEL TS, RERIERESN ¢ (2, y)
REBETLDOILERNT A—F —ETREATY S, BELSH ¢'(z,y) &, EFFE
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t Lflo

GA ¥ HVABEHELIIBTOL HICETE N, RBILOTHI, W22 DEE
T T MCERESNS, BIRFFEICBVTRET, BRORIeXRATLETH
LEE F . BIE 8 kEF— s LOREL LTEERT 5,

F=3 [ Ip(R6,) - p'(R.0)I"dR (13)

BAE F AVNERER L 5 L) 2Bk, BOEETHL &AL L, BILE F A
XpEERE S LD AR, BEWEERTHLEART, FRACBV T, HHHICR
WEKIZ R I BB AV TAEER Y . iMMICEVERIERESIN A,
REIZBOWTIRET., WOPDEEERULEL, T 2L, RTEIEL, 20
DFHEET D, FOLBRKIBEOREATYEASDOE TS, AHFRICBTE,
V- AEBAR2RTH DT, 2RTERELEA LS, MREOLEKIT 2 KT 2
SOEFITHEEND, FORBEKIE, FHOEO 1 20OHHE., JORDOLIHT
DB LEREND, BlxiE, BESHS (x,y) PER ez +by+c=01TLo
T2 O0EE. A ax+by+c>0, FBEB:ar+by+c<0IZFTHNEHD
Yib, Bk, V- ANBNENFRERA LERB THBH LDk, FHEES
OES L Lg EI2Tons, 8L VAR, Ly & Lp LIZFTON5. F
ELFR, —2Id L1 & DLp PhdH)—2Id Irs & ©Lip POHERINS,
ZEREBIZBVTIL, W OPDOBEEFT v DIERRERT 5,

AL, BIR, WE. BREBL VI JOOFREFEYESR, BRIICR
BLS N BESAEBHEAEND, CORBLLSNFESML Do T, BHEESH
EESRTHLERLT,

3.3 EiEl

RFEOBRIELFT R0, YIab— b SNEHEET - »5. 2RTHLEERD
A EESE L,

3.3.1 8HAELSOERET —2ITL IR

AR, LBREESATENT L, SREESMi L. M 17(a) A —HT
B, BREBESAE,S. 0, 22.5, 45, 67.5, 90, 112.5, 135, 157.5 & Vo728 A
LOWET— ¥ RHEHET 5, :
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(a) The reference density (b) The density distribu- (c) The density distribu-
distribution tion reconstructed with tion reconstructed with
the present method the conventional ART

Figure 17: The contour plot of the density distributions
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E

3.3.2 EBEILEHE
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3.3.3 SHALY—FEEDLSE
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AFEORBEILUEICBVWTIR., S /¥ 23 —FERUTOIHICEFTENL, &
BT BNT, W OPDEBEEFMHNT V¥ AER SIS, ERESMI,
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T T T T T T T

Reference

Density g

Figure 18: The density distributions along the line A-A’
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Figure 19: The transition of the fitness value of the best individual

Table 2: The errors of the reconstructions with eight angles

method error K

present method 0.11
ART 0.65

random search 0.19

AWTHEBES N BEI 254K 20(a) & (b) 27T, ER A-A’ LOFEEST
K 20(c) KR T AFERRVAES. FESMIRFICHEBEIN TS, K4
AEEICLAMELTT, oL E, AFETR., PEOFEDPLOEET —
T EBWEESTY., BERLFHEN L ENTWwAI PGP b, LOLLENFDL,
3HEDLOEEF— 7L ABHEORER, SHADOHEL DO RELMELELR-
TWwh, 3FHANHADBEY LVHLEITE-DI0E, FEOUBEFLETH S,

34 %&®

BLWFEZ 7 4 —FEEFRELY, AFRIZBVWTHE., BESAEIEEESTHD
HELTESID, EHEEMMOASEORBLEERE LT, BETVIT) XLEH
Wi, PEOFHEEYPL . AFETHAVWTEREEOBESM 2 BHEE L,
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Table 3: The relationship between the number of the elementary density distributions
and the errors

Thetem erroi“ E
7 0.34

19 0.13
37 0.11
61 0.19
91 - 0.21

Table 4: The errors of the reconstructions with three angles

method error ¥

present method 0.29
ART 0.59

Density g

(a) The density distribu- (b) The density distribu- (c) The density distribu-
tion reconstructed with tion reconstructed with tions along the line A-A’
the present method the conventional ART '

Figure 20: The density distributions reconstructed with three angles
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8. ROSA-VASTF 7'5 74 w7 ERVAT L
FE B (FEDF - 8k

BEIM BESEL (LOCA) HEFFORESTHO—2T, KECKIELEILLDE
FERDEHANARICTHET 2BETH S, EHTIEZROSA-VASTF BEZF O THE
AESHEZ (ECCS) R LIcEE %28, LOCARORELERES - ERFHETHE
BUIEBRET-> T %, EFI013 2400 BIlRIERIRVBEEIN TSP, ZEAD
HEIIEFFEARE U S BSMOMEBNERIIRSE - bDERLID, T—F D&
FITRZBRRESRUIBMAET S, £2C. ERTIEBEADOBAKG T RUME = EF
BTTS 74w BRTBIEDOYRATLEER LI, VAT LICIDERERFIIR
BOMBLHREICHEETZ - EXNTEEICN D, EEREDI HDHETPERZEROER,
ERBAICBITREEEBL EICROIIRIL-> T3, :

Graphic Display System for ROSA-V Large Scale Test Facility

Masaya Kondo (JAERI)

A loss-of-coolant accident (LOCA) is a postulated accident in a light water reactor
(LWR) in which the reactor coolant is lost through a pipe break. Experimental simulation
of LOCA situations has been conducted using the ROSA-V Large Scale Test Facility
(LSTF). This facility is equipped with detailed measurements, over 2400 channels in total,
of thermal-hydraulic variables. Because the simulated phenomena involved complicated
thermal-hydraulic interactions among many components, the interpretation of data has
been requiring considerable time of experienced engineers. A graphic display system was
therefore built recently to visualize the water distribution, temperature distribution, flow,
etc. in the facility real time with the aid of a workstation. The graphic images can be
produced also from recorded data. This system has greatly helped engineers make timely
decisions during experiments, understand complicated transient phenomena, and

comrmnunicate with foreign partners.

Keywords (LOCA, LWR, ROSA-V Large Scale Test Facility, Graphic Display System,
Thermal Hydraulic Data, Reactor Safety)
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ROSA-VASTE 75 74 vV RRV AT b
g Bt (e - Bk EE)

1. i2E®iz

REETFHFEF (BF) Th. MEAREAR (PWR) (<3175 5EMBAEH (LOCA) %1
Ui &t 2 BEERFHOHASBRICET 5EBRY ROSA-V/LSTFEB" AV TiT 2T,

EFFICBVT, F—EREORFE L), #FRVAT I ko) TAEESELL L, K
FIEREEELET S, LA L. FOBRLHAERCIVELIRRLETSH, PLOEHLE DIl
D LSHEERTE I EOLETH L, FOLDIIBLERIAL LK/ EROREY (THR) T
BORTVWAE I L IREELE: Sh, BAFICRERBCHHAKEFEL. FLoBHLERT IO
SR EIPLAER (ECCS) At b Twd, B LSTR Clt (RERE LIT QWRIRTIRS 5729 ECCS
St EAL AL L, FLOEGEH CADIREERICIARARE (T2 VTV IEF—VA ) N
PEF 253 EREAEETIERYToTWE, JhiE, Z0L) RARCEHEICHETIMLFEE -
TRl EERRELTVE,

COLHERREEIRET D LETFE LARNOSHAORGEE S HICBI L, TOHERK
WAMET T 5. #LT. 1RBOLFIRECT ZBEL VLA TOMRIZL 2HRTELLERIL
Lo THlasnaEdichbd, LaL, FHOLMA (FAE, REBRFOREVNE) 124> THHHAD—
WAL ARROLF IS LT THRLOGHIIAYEFSEL2VIRECEo ), BEROREICL-T
L RBHORERDAHHARE BT A LD B, o T, CALORFERRLAERIIBV TR,
B LREBCHYT ARSI BT E2BHAOBRFREIZTI T, 20RBESFFFRE LHLONH
flhh, LeLids, ERIEREE—-OFES, BESMF (BE 17MPa, 620K) BV TITHNLL
¥, BERHLSEORELYESZEETAZ LRATETH Y, FH, 2E, BE. BFEEOHEHEICL-TI
NOEMBIELITb, 23 LAz Ed b LSTF i2id 2400 B EOHIE SATRIT S T b A%, KB
FOFTRTEEBTLIERATER-O, RN ROBEE»CEBENIRELHIFL, ERLO
e DEW T LEND o7, 360, EBBROBITICEVWTEL, TNSEROREMD 5k« 44 L
THHEEYEBETL-OICEIEBRLEHNEEL.

2IT., BEOAEHESG SAMELYERL, EERESF 71 v 7 RTFLEDODI )R TVRE
TEBMERTE VAT ARER L. BV AT A LSTF EEBEIC 5175 EBIEYED LSTF OIRERE
Kb HENERBT LI LA ENE L, LSTFEHOREOERB CORBIIVE TR, HEMEDER
EOBBCVELET., AEMEBLHEECEBRBICLELRTRET ). 7, ERRATERROLES
LECEETELLY ., ERPICAEEAIEL. FREESWTHERRTABELETLILOL L,

2. EREBRUFVAT LBR

ROSA-V/LSTF (Rig of Safety Assessment-V /Large Scale Test Facility) D #f%ix. Westinghouse L5
110 5 kW B IIEABETFS (PWR) 04850 1E25 L), 24, FREOHSCEBRERERIE
RBTASHMAREELCRETE2L) BERA—0OTETRI STV, XL, BEARERYET
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1 RBEEL— 7 IEREAN—THEOEF LT 20— TTh b, Flid 1008 RO ERIMBIAEEELE
HTHEANTED, BEREBHIE I0MW Tho, LSTFOEEEARPROCEDEREIEFEFR—TH
N, BEEREOEREBIIBVTEFREFN 15T MPa, 598K TH 5,

LSTE IZIBEN (MABENEH & 31045, BEHEH ®500 =, BEZMEHH 2302) | A
StARRIEE (#0200 8) . EFEE (B 1704) . WES (B 00K L BEAE (Beos) FHRLICBIE
2400 FIZOIZAMEBFEB AN TS, BROIEERTH. ThoDBIEEIX YEWCOM-7000 R U
FACOM-S3300 = — BNk, ARIEtEE (FACOMMTR0) TRt s h TREIh D,

ROSA-VASTE 75 74 v 7 ERYAFLIZ, V=2 AF—Y 3y, ADERSE, BEAAT Y7
PERBN—FIzTE, T— AT =23 LCBHETBEY 7 b7 o7 0B ERE, DT b, T
PARF—vavidEOBERS, == @O, AD KT 7 FA 7Y POIBRIZKII SN S,

N Kz T OBGER T — ¥ OFAE g 2.1 iR T RYAF A TIE, LSTF 02400 2 %
DOMELAD S b, ERBICIEET I LENOE 800 8% AD Bifif: (XATAFHA Y -ER
(B) B %ML TH—/N— @O DT—2XF— 3 (IBMPowerStation R$/6000 model 560) (ZHLY 32
o TOT—2AF— 3 ¥Tid, ADEREFHBLCHASEERI B L LRI, £0EEELFCHEE
~DER, A THEESORE (D/A BREORE) | H—— () ~OREEDER. HEEDRFFR
UEEERE2TI. =2 - O BRI AThAHEBEI—N— @ OT—2 A5~ 3> (IBM Power
Swmtion RS/6000 model 560) ~*rEZEIN, XS5OI SAT Y DT —F7 A7 — ¥ 3 (IBM, Sun, HP
) NEBEEIND, ChOHEHEOERICLI o TELIRMENIREA L ZVD, £ETOT -2 A
F—a VBV TREOUEHEICETORLRRET) S EPTRTH L, ¥ —1— @ FY-1—Q»
LEESNEHEEEZSAT Y YOI — 2 AF -2 a VICHERTAZLICMA, 7547 ¥ eI
HEEONFRVEERT YT ). 6B, T2 AF—¥ 3 YRORMEMEDERITE T NFS (Network File
Sysem) ¥ AWVT. ¥ ¥ 7Y 7 1 ESOREME (4 4KByte) ¥ EFTH I LIE>TIT )0

KR TFTLAOERICH o TR, BEDT— 7 AF—a Y iZBAEFEF LI L, BEDT—
PAF=LavEhISATY N LTERTAZILD2 A% HIIEBR L, 20D, X ¥ — I+ AFELR
Bed, MAeDT—2 AT —YarilBnl, #FNFBEEIKFELRZ IO 7 42ELTIDE L,
L oT, X-window 24 F— FLABETHN, 2o, 1—Fdhy FEBHLTA Y P77 iXBHRENT
WET—ZAF—Yaribid, REMBELRE (229 LRV Xwindow D7 7 —EBFHFLE) 12
HCrZI34AT v e LTHATAZIENTELY, Z Lo TH—1—FOMDT—F AT~ a ¥ IilH
BRI L IR, TOEBR, FITIAv s RSHLAEVWT ) yr—2 3 v THBILLEDS
F.EBL DT ATF—Vavk, FOBBICEDLT I/ 7Y P LTHERTETSH 5,

3. BRAEF Lk
3.1 FREBER
ROSA-VASTE V574 v 7 FR VAT LADETBEIIOVT, F0ORARNL 3 DORTIEE

OBERVEIAOCERELLUTICET,

311 HWEIRGA TR
HEHMRABROBEREBRRICOHROBRTFR, PR 77 - VETHEIICEY S I L,
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WERLOGH P RET , EEREL ED L LTBOTEETH L, L LAY 6, 1) LSTFIZE K D
SENSHoHERTRE LTED, SEORKREEETAICEEEONEHET BRI ILENH LI L.
2) EEE (7, BERESEOKIOHEIER) RUF Y ~BEFER KFREDKUOEHEZE
H) »oAkEE2ERTL I, FORBIBILIR/BEEOBE (Eh. BECL-TELTS) RUHE
EEOES3HELTBLLEXHLIE, 3) Y77 - VEXEHET 2 ITIHRMEE (EOICL-TEL
T2) PIBLTBCAERS LI LEOHEBIZL Y, EBFESEKOSHRFEDY 77 - VETIEE
TEDCLEL SRAFENIIL L kv,

220, FELPEROANEEIOKMRUF T - VEXHEL, FNOFERFTI 771 v
ERTLEELER L (Fig.3.1) . R8T, LSTF 240 HIKORBEHENIEET I L VS
s, AEiE I BEORGHLREORRIIThEV. £0OMH N, LSTF DM T HHAKD LD 5
HL o THRFEOB TR ODETIEICL N, LSTFARDBHABREERFOHERRT S, T2,
BN ORLICHVITAORKEELIZI LY, BHAOY T - VEERKIIRT (BNRVIEZEY
T —VEHNKE N, SEH) o S5, EBRPUEZI—FTHLEORVWHERTH S 1 KA (IIEER)
EA. 2RFAEARUEBED?SOZERALFE-BEPIIETT 5o

F27TL, FEEEICEUTO LD LfleAd s, T, ERINIRKULTIZLHEME, 2w LIHKE
FHROFN v vBOBEE,SBEH LAN TH i, TRTIFTAMKE (HEHAkPOREOHRKL E
Ok LKD) Thbd, THEBHAKORERLZEBET 2 ICIIERTH 24, FLEAD & EOREKIFE
2ELIERERD ZRFIC20nTR, BEAEISEBRI IR LEF o TwE I L 2TB L TBLE
b, T/, KPEHETHL Ty PLFEa—VFLZLREALESICUBYT LA, REETIEIRROM
Ghhy L e, a- L FLZETHIRRRTEIEE LA, 8610, BEBORISTFIIHEIH
BB oot AARED, KFRE () 5, FL{EOoBRSBERESFRL2LDIZALT
BN EEsEARESE L,

312 FRHEEERTRGE

HEEOERE L, BEOREIEDIILHEBLO0ILI0LL{UETIHATEETH S,
A1, EEHBEOCESEHE (BCCS) RF0EHICL - TEARBTIEAFRL L7720, 1 RREDOER
e{kid BCCS DS ¥ 4 3 v V1 E2FRIT 5 ETHRYID, £, BKREIIS 2 FELOBBERTIRRE
SHBEATTA, FOREIMMEE,rSBLEATLILT, FLOBELHETLIIENTESL, 20
I CEBRELICEE T2 2 L THECHRETEBHERIEIL R 2w, BRELTEHR/FTRT HMAEN
BREBTHERYLI—F—Tid, BRRUHBEEORREE (BRAF—N) 2ZHZRIEEIIERSZ
CRATETH Y, ST LIBELRRAF—LTERT DI TEE Y, MAT, Ay a—F— I8k
TELZF vV HAAMERDEINEL VD, FEMCERTILEDD HIEES 4 C/oFE% LR
HIETEZEREL W,
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METEEL DRAFCRT TSI EFTRTH S,
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2} . WEHEN2EEHIISCOMBICH L TREFNRFEY L THRETHTH2H, f#, T2bLER
BICE L THYEEOEEIIMbL L T2 TIERT 5, T, ERBERTICHIAFFBEOTREEINC
BEof e (H1A120-3600s OFTREAET, 3600 L RELBAICESRE) . HEMCRTREEY
7L, BEBHOF~F LY FERRTHLIICLI,

Atk V207 DB 800 Al b DB HEROFL HERELERRT HHESR T ER
LR h s enin ) MENS L, SOMEICHL, FEEETIX LSTF 2R T A ERBFIZEIIH
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3.13 BEERTREE
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3.2 sk EaERE
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Visualization for Plant Construction Scheduling

Takeshi Yokota, Yasuhiro Kobayashi, Kenji Arakiand Toshiaki Yoshinaga
Hitachi,Ltd.

We have developed a schedule review support system in order to improve the
accuracy and efficiency of plant construction schedule. Construction unit schedules
are evaluated on the basis of a numerica! index for difficulty of installation process
of hardware elements such as mechanical components and pipe segments by using
spatial congestion rate of working space defined for each process. The following
two functions are implemented using the difficulty index , and play critical roles in
this system. (1) Visualization of schedule is done through construction simulation |
which shows the situation of hardware elements, working spaces and workers, by
means of VR devices. (2) Refinement of schedule is done through the optimization

of the detailed process ordering to minimize the overall difficulty index with the

use of the genetic algorithm.
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Visualization System for Intelligent Robot Simulation
Kenji HIGUCHI, Takayuki OTANI, Etsuo KUME (JAERI)

Simulation systems for intelligent robot has been developed at JAERI as a research and
development program of underlying technologies for intelligent robots and intelligent nuclear
plants. In the system, it is numerically/logically simulated that a human shaped robot reads
and understands instructions written in natural language, planning and producing a required

sequence of actions with environmental data.

In such a simulation for actual nuclear facilities, it is indispensable to model the large scale
environment and to visualize the simulation results for performance evaluation.

We describe a modeling method with CSG{Constructive Solid Geometry), accurate visual-
ization system by Ray Tracing method and high-speed visualization system using polyhedral

model.

Keywords: Simulation, Visualization, Robot dynamics, Large scale environment, Construc-

tive Solid Geometry, Monte Carlo method, Ray Tracing method

—118—



JAERI—Conf 96—002

1. I ®HIC

R - SERERMRE LY ¥ Tk, ETUBRERTR y F RUHAENLT 7 > F OEBK
#ifFges LT TABEEY 32— 3y - 707 %4 (HASP . Human Acts Simulation
Program) [1]] &IHINBHEET Ry PO Y 32l =Y a3l - VAT LADREET->TEZ &
MEOCHMIZ., ERFETICBVWTAREEZRBTHIHETR Yy P RS T > + DHEEL -
HE{to£REROBRE, 2510, ATHEMED Y AT AL EN T ERBWN T EFNTHD
E., HFFFCRETLZETH D,

HASPTiE, Figl IR & 90, LIt SN AMBOREEDAR v b 4* B4R

THRBIN-HESLAEBL, BETF -y BV THCOTEZEEL . 77 MRFEER
BT A2BENEE /HE I 2L - ariEnd, T, BHENIGIES DRy M E
feid, BRI BB LT3 RTREEE HICTHLIN 5,

HASPAHETIEREHO I L. HEY Ial—¥ 3 Vil T 3 HMERETORTFH
‘ﬁ]:%’\ ADFFETIE, a) BEABTHA LN DG LOEL - BRER PO OK v N DiTE%T

CHEERT AEAEERTS [G4ER . THHEOME] b) o v b 0HEEMT
E%L Yial—iarERETHRILTAHEMTEET S [RERT - BELEROFRE].
B ¢) sl v b AYEEREH#RIC CEISWTHEL Y. EEOREFRMT AHMTEETS (B
BB O] TiTo T b,

HEY 32— Y a lETARMEARETIBEY 1ab — v a VEMOHETIE, 2) A
MEIOAH Y F OB S 2 EHFICHE - FET AN EEL . AMBOKR y F ORETEEY
5252 kHMEL TRy PEWE - N—F 7= T7TOHFE], b) 2K v FREIST LK
EHEIREE OFMFEYERT A [HBRENEOME]. RV ) HASPIIBT 2mE/H
3ol —-varomEftr BIWE LA EREY 77V 0EE (Monte-d) DEIZE] 172
Twd,

YAy Ial—ay s VAFATIH, BEFUMERO LD A RHRE - HERETET
ML EBFER, 32l —Y a VEROFHO- O OTRALHBIATRKTHE., Vv -
EFNEERLT 27T FOEFMLTFE, BETTLEOLREBINEC X ) THRILT H16E.
Yialb—3 3 YERYERMETRT MG 274, HEIBLEO/HORBHEET WV
DENFE, BEBERTOIEAERRBINEC L 2 EEERFERIIDOVWTERS,
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2. HASPIZBIFTAHFEEFTIL

HASPIIBWTIHREA LRI Bl 32 -2 ardiFbhd, 2 3al—Yaric
BUTil, SRLEOEESY» L LBARILEL -4 D0EFIL (Fig2.l) #BEFEET 5, Bl
5, HASPIZBWTIAEAHy } DBfERETHAEREFLN (ETHHRORE. #BEFD
3&kHE) 3. C S G (Constructive Soiid Geometry) EF I, K7€l .= v 7, ZEHET
FU, EREF VLo TRBEN TS,

(1) CSGEF I

OF9 k-2 3alevaritBnTit, BEENL22CADF— ¥ EOBRF — ¥ TiZ
%, 3RTERSHGEL TRV CSCEFVE LITLIELEE T3, B, HASPILE
wfu\@&@t%ﬁuﬁwfuﬁvb%ﬁkﬁ%ﬁ%ﬁawﬁﬂ&¥ﬁ+zv7%ﬁ5tb
b) B FANDEICL ) BETREXAEEZ M E . 0F v MK 5 RETRAGE  BEIC
SMET 570, o) TR Q) ~@) THEXZEL4DBRT — 5 2 ERT I -00BRT—5EL
T, CSGEFNZID IRTHELDAL TWE, /4, HASPIZBWTIE, RETIVIZ
LW EADEIRT — 7% —TTHICERL T b,

(2) kAl e A

Kol vy 7k, 2KT/ 3RTOBFHR=y 7 THY, FK 7LV (2K7T/3 KT
DEFEEL) FIHEETLIREIDIEBHIATVS, AL RFXro0K y P DF)
Vel A T A AL AT L TR, KIPRTEEEET IR, SOKZLV - vy 7%
AuToRy hOWEEMEREL TV S, CSCGEFAILERI L - v T2 ERT SR
BOFRMAATIIOWTIX, FRA LR~ 5,

(3) BEHEFI

AERFZEIC BT, 3.2MICHET 2 &) ICHEZRLEO/OIC [RASNEH ﬁjéﬁ
BOBBREIZ L DERL TWA, Jhid, FHEO L IIREIHIES W B S OREERIC
wf%ﬁ#%?—7%$&¢%tbuu%mﬁ%%ﬁﬁmaslvaazfétﬁLM&#
BWLTWAIENEHTH S, LAL., BEEHEINEILAOHERMEETLILV A
DBREThHD, P3ial—a YERFRRTIMEE, BEENHOEREN—F72T7 %
BEHLT— s AT~ gy LTHHEEFVE TR T 2FENEL TS, HASPILE
Wi, SOTHRILLBEN O BEAETFVECSGEFTADLAERL Twb, BLHDOESV,
By MERBHICHACORGR ) T OMBIRTETH S, [F4BiZ, CSGEFAMHLEH
EEFNEERTLINEOFEM AT BN5, '

—121—



JAERI—Conf 96—002

O~Dlx
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Fig. 2.1 Configuration of geometric data in HASP.

(4) BEEF N

HEEF L LI, FERFASTIRPAME Vo ERUBIIL - T, ZOEROTRE
RESHBEFNTHE, ATFMIT, KEPLTFBF v 7, HI5WE, BRSCEER TR Y
FEEOER SR EEL . THCRLLTHERY SRICRET 00Ty 7IZHH
Thb, T, BEEFREICLIERERICBNT, FEFLEHVTABORET Bz
BETLIEICLD, UEEEERLTZIEHFURTH S,
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3. HASPWBITATHILY AT 4

HASPZBWTulfbigied, a) v 3aL -2 a VERETHIALT 2700, b) EREFR
SHmEs N, BEARELZoL 0 EEORERMI B TEATS [RADAEE] %
BT 5725, ¢c) CCDH ATDLNEEGH OB SNy VEREDT v F 7 - T
VEERTALOIEHINS, SEEERIIACOR TR FERUMES T UTICRT,

31 L3alL—o 3 ER0TEL

Oy ST ETTAEOHE P REL HICTRILT 2BRECDVTRNS, Y32V —
S arEROTHEIGGERBETRPZEZI LV, J0ho, FHETTVEERERDHD /N —
Ny 2P REBLET—2ZAF—2ary ETZ -y 77l L D EEERL T b, ERGHER
iZ. SUN-4/10 7L 30 GT (E5fE128MB. 71 A7 44GB, A7 v 7 260MB, 777 17
T oeIL—F{FE) Thi, IOVATLERVT, H5000HDKR)TY - F- 7l
Lo TEBEN-BERELUN Y P2 HERRL 2, HOSNCER (Figs.l) BUTHE
BhTHa,

o EEAZRE 1024 X #1024

» RGB f#gfE : &£8¥ v |

o BIE 1 18H0 W0MOEREY TN -5y 77 REHL . BEEHRTR
o WETNIT VAL I ZNvT7

o%ﬁf—?:ﬁuﬁy(iﬁ%)

o FREDITETIV . Gouraud F72i3 Phong

Table3. - HUSIE R ] RR— SMEERH T —HBOBRF -2 BN TITo LV AT LD
B MEREYTY, cORIBWT, CSGEFLOEMEIIBIT AMBTIRE 12, HEF
% a0t 27 0EE2CSGEFVERAVWESE., FUDTY - F—y~OERIZBITAH
SEME i, AL HEREL EHRT-0 0 WHEOE )TV IC L - THELENL 185
&% T, Tabled.l 1281} B HERR, ER 1 HEER - BRTL-OCLEZEHTH 2,
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Fig. 3.1 Three dimensional image of robot simulation.

3.2 %ﬁﬁ%%ﬂ&éﬁﬁiﬁ

(1) SERLEEREIT & B ERERD B

BBl L Hi, HASPCRETFAHS T EFNICKEAR, 5k FRRICRREER

24 LMD Ry F OEREHFERIENTH S, TRy PEEICRERRIIETE . 5
B, BEEER. BHOLOOHCNERERLT ). CORBRIEEZ, LML SRy VF
. EERSLREEFNVEYyFLIL, ERDIH 2PHEREE, EEFRETEMAL
TE LI EALDHLTI L VIFETTORE, LAL, BREO—HH 5V KEFFHRE
L. ERZEorwTELEOBVERRSE, RECHCHEEZERT O TFeLy Y
BHRCEEROLERZD 6 OB ED CREL RS FREIN D, ZOHEDTTR—FL
LC. FyFLazy /FEnE@roTsns kI HTHESS (RS <EEE] &
ERL, ChYELEEGEABL . BRAREBETAFELRERNFTH L, TR
~p¥EE, [RAB_EEE] ERTAHETH ), AORXFERERBFICL I —Va
Y3 ARBEHET AV,

« FyFbaoyy: pa—SEHRERHOTFKy FTHNE, ¥+ 5 ¥ IFLEGOEE
Hhh, HORy b ChHART, TrF2T—F0BIENS, BSOBN/CHERUERE
PEN - HET OB, BENRETILOI, BE. Ty FL sy itk oTHEnE
h-BCBOREIIEN,
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(2) B BEHEOHRE

FEGEHEIR. 2N 7T TATVXLRAF YV TAY - TATY XL L TLE
a5 S ANEET, Lab. X VEEL3IRTEEEES I EFTETH L, LREFED
EE. AROE (FBvids 25 50REHE) CHRIRIBRERERTIILICLY, BR
%i&?%:&?%h‘:num57Uﬁ§Atswru—E®vslv—9ayﬁﬁbnf
w600£h.é%%%ﬁkﬁwﬁtﬁékwﬁcam‘%wniofﬁﬁént%ﬁ(k%
FBERR) POOEFABOBICE EWI I L THY . HRBHEC L 2ERERTTS
S A BOTIE. BB, S BT ERL . ARBOL OWEEHRT HPEFHREL « T
TR RV BB L o THIAME B T REE SO ICBHT A, L) ¥ Iiab—¥3
VEFoTwD (Figd2)e oNY Izl —Yavitky, ERPLEIIAI Y-V LD
AEELEBL BIISET A HBOBESE KD, FERCHTIRCGBEXRET A LILL
n, 3RLEHZREFS.

(3) MEHEE EY T AL ORE

S SEEEEEEL T 2 EREHEIC L AERERT T 7 AOBERTLEL, B
WEEAEA RS TV FANT - THT FTADENL ERLL T, ZOEHIR, AEE.
L SATIARIC & - TRBE AN 3ATEMICBWT ., BT (FAHH) R 3R T By
3 3ab—vay-FUYILTHE, LIRS D, BEHREERMEETRI T/ TAN
0. 7075 AL SEEHEIC X BEGERT T T ALORIEI T, BIE- IR, BEHR—
S8 . BT HEROFHTORELR RN - ik BREDOKROLE RERLHEVE
. BHBE-Z7 Y~ LOSEE. BRSO RANE - —ROBE, Ehb, 3HIT, TY
FHAME - FUFFACBCT, &) BOREIREL B 27D TFH (BEFY 2 BATRO
) AEPT AL, BREHEIIBVT, LVHHLEREEIOCERREELTILL
RAL &k D, S0k Jil, MEOWERRARLRAT 2 EFNVRITNIHET SRETH
75 LMIBEBL TWa, L7zA o T, HASPIZBWTHREL AR FHRMELHREILT 57
BOEY 74 L OB Monte-4[2] 12 & o T FRUBIFEIC & 5 EEERLBOBRLATTRET

b5,

3.3 MEBBABRBKETINOEK

WAL LS. BEIECBWTE, CCDA AFPLnEESE,S . Ly VIEREMA
L. BEEFMCHRT 2 HEEF N ERBTHFEE AV S, DTICREC L2 REZRO
e ERL - 2 BEOBBBEF VOERFERIIDVTRRS,

331 ERVEIIHTIBEENFETTVOER
3REEMIIBOCHESE AL 5 BOCSCEF VN T IRARUETTVOL
Bl . HEEOEATHEIC L ZBSEEE Tt BOSRBFTOMY BRI LI ELS, B
ﬁﬂﬁnﬁwéﬁgﬁwlo&&ofw%oCwﬁ%ﬁtﬁ?%?fﬁ—%atf\CSG%
FRTEE <. CSCEFMUYER SN ERHRY KT 2 RIRBFET VERRIET R
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Fig. 3.2 Concept of Ray Tracing algorithm.
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Fig. 3.3 Three dimensional image of JRR-3M.

BULT. gELIBEEFVIE, JRR-3M (Figd.3) RUEEKRE (Fig34) Thi.

(1) SEBI8 % RT3 MEEF N OERE

rsRim e SR B EEEFVIE, WERNZ b VICERTATEEO—REL TERENL R
Z)—V ED2RDODNT A—FEABE L, FlAE, HARCKMERTHEADO AT AN 2
YRBEXRODATEREAEIN S,

z=rcosf+a y=rosind+b
(2) SERIFCHT IRBPEHBT TN OERE
SR ONIREOBEEV =(V,,V,, V,), A% E= (u,0,w) £ T 5. 12KL,
W+l +u?=1 (3.1)
Thd, T/, A7NV—rExERTLFEzERTLAEAY
wr+vy+wz+d=0 (2.2)
LY B 27, BRREERT 2 ERUKOFERL
flz,y,2) = Az?+By?+C 2

+ Dzy+Eyz+Fzz+Gae+Hy+ ] 2z4+K (2.3)
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Fig. 3.4 Three dimensional image of mockup environment.

L35, Bih, BERVEOETLEDS (z,y,2) 1L, flz,y,2) =0 %7,

)IRAVES fADER
WE, fED1EIIHL, HAVHLERTIIC, Zo#EROR T

r=lt+V, y=mt+V, z=nt+V, (3.4)

E¥ B, 17,
Paem?4n?=1 (3.5)

Thb,

WE, TOBEN fICETAEAOEBEY C = (z,11,0) L TE. SORD t DIET t1 &
T5E, XEAHEBVT, t =t1&L, ThERBI)ECHRAL, fle,n,z) =0 LESL
Skizckh, t B TA2RAFEREREDL, COFER,

At 1+V)24Bmty+Vy)l4..-=0 (3.8)

Lk, CiF, BELEOT, R(36)1F, t1IK2WTEREED, 20, R (36) Dt 1itH
TAHRRZ 0L 2b, ZOHRE g THE, giF, imnllBTH2RNTHY,

g{l,m,n) =0 (3.7

LETD,
H) g R0 U — L DR
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3 (3.4) TRESNIZERLRA (3.2) TRASAZFENOZAIR, K (34) 23K (3.2) IZAA
L, tiCELTBIET, REb, CDtEt22F5E, tad, Imnd 1l RRTEHAL
NbH, 230, TOLIRREBhETHE,

t 9 = h(l,m,n) - (3.8)

THY, KaDERFE,

zo=lte+ Vs, wm=mta+V,, =nm=ntaz+V, (3.9)

TH b,
i) X7 U — - EER
WwE, A2 DERERIFVED, LT D, pR2BICERTALIIIEDSE, D,

QIFRDL D IIEIT D,

p’=(w,-u0), p=7p/p'l
5’=(uw,vw,—(u2+v2)), q= a'/IQ’|
37,
0 = (0,0, d /w)
EThHE, AZV—-Y DRI,
z=0+ap +8q (3.10)

LEHETE D,
iv) 7 —2 LOBEROFERX

9, R (3.5, REB7), X(E8), NGB +EFEVLSET, HuEVEHREL, fIIETIE
BMEZAZ -V PEDKEFTRKDE, ZORR, ZTORBz(z2,Y2,22) 1F, ImBEiEnd
2RRELTHEHESN L, HIZE,
(3.11)
(3.12)

(3.13)

T3 = ] :r:(l)
Y2 = 1 y(t)
2 = .

EEITS,
Kiz, X (3.10)~(3.13) ¥ EZ SHT, alfOMEE KD B, a— SZEMICBIT B BEHERA,

RESETRTIHBATH D, AV AT AL o TERENL J RR— IMRURERSIZ
MY ARREESEE, TREA Figd 5RU Figd.6 IimRd, 7, AL T LB ®{T-

eBlE, RIZRT, '
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Fig. 3.5 Contour of solid primitives derived from the CSG model of JRR-3M.

Fig. 3.6 Contour of solid primitives derived from the CSG model of mockup environment.
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(3) BEEICX T 2RFPBET L DER
iy 27— ERR

BIETRARIE IS, A2 Y=V OEERZ VR, q&T2E, A7 =2 FDAx(z,y,2)

i1, _
=0 +ap +84q

EFREDL, TNERGTETELRDEHIIE S,

T = Dea+ qzf
y = Dya+ qyB
z = 0.+ Qzﬁ
T,
_ v
Pe = ATra
_ uw
dz = Vutw? + v?w? + (u? + v7)?
—u
Py = e
_ YW
s Vutw? + vPuw? + (v + v?)?
d
Oz = E
_ —(u? +v?)
1z Vutw? + viw? + (u? + v?%)?
THbo
iiYo — BERIC 17 2 AEOBIFR
M DK,
-z + (y—9)’ -1
= :r2+y2-—2xoa:—2yoy+a:§+y§—1‘2:0
i2BnwT,
G = —2.’50
H = -2y
K = 22+y%~r?

ETHE, ASIERK B3 DERTRDL HItEKDES,
f(z,y,z)=m2+y2+Gz+Hy+K

a) A O L TEORRR
—136—
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BB, A0 L TEOERRBHET KD S
AV (Vg Vy, Vo) O EED 2y Fill (z = 21) PR LD R (21,1, 21) KTV ZZERD

®%
2 = (m-Va) t + Vg (3.20)
y = (n1—Vy) t +Vy (3.21)
z = (—-Vy) t +V, (3.22)

ETAHE, Thods,

7, = = Vo)l = Vo) | (3.23)
z—V,

_ (y— Vy){zn — Vs)
nh = - Vz + Vy

&k, o,y EAER B2 XRATEE, flzLn,a)=0%H5,

(3.24)

f(xlaylazl)z 0

(- V) (z—-V,) 2
z—=V, +V3)

(
N ((y— Vi)~ V) +Vy)2
G

z—V,

Cxwiﬂﬁgﬂh)+va

H ((y - Zy_)_(z\';z— Vo) + Vy)

+4-

K
(x— V)z1— Vo) + Va(z — V1))?

((y— Vy)(z— Vo) + Vy(z = V,))?

G (21— Volz - V)z— V)

GVa(z—V.)?

H(z1 =V )y — Vy)(z— V2)

HV,(z - V,)?

K (z-V,)? (3.25)

+ + + + + + ~ + +

ZoR (3.25) 12, FIBOR (3.15), R (3.16), K (3.17) TEENSE A7 - EOERF g,
y, 2k RAL Calb pRBERERD S,

0= ( (psa+azB-Velzi— V.)+ Va(q8+0.-V,)
+ ((pya+ ayB— V)= V) + Vy(a.8+ 0,—V.)?
+ G (21— Vo)(poa+ azB— Vo)(qzB+ 0.~ V)
+ GVg(q.8+0,—V,)?

— 136~



JAERI—-Conf 96-—002

+ Hz1=V)(pya+ayB-VyH a8+ 0.~ V)
HV,(q.8+ 0,— V,)?

K(q:8+ 0:—V,)?

pr(zi — Vo)a+(az(z1 — Vo) + @:Va)B— (Vazr — 0.V )
(pylzr— Va)a+(qylz ~ Vo) + a: V)8 - (Vy21 — 0,Vy))?
G (21— Vo)(pza+ qz8-V){q.8+(0.— V)
GVa(a:8+(0;—V,))?

H(zn— V)(pya+ ayf— Vy)(a.8+ (0, — V)
HVy(az8+ (0. = V)

K (a:8+(0:~V,))?

(Pzlz1 — V)2 + (pylz1 — V)N

((az{z — Vo) + a:Va)? + (aylzs — Vi) + q.Vy)?
G(zn—V:) az4q:
GVzsa2+H(a1— V) aya.+HVyaZ+Kad)s?
2pa{zn—V{az(z1 = Vi) +a.V,)

2py(z1 — V)(aylzi — Vi) + a2 Vy)

G(z1—Vs) Pza:+H{(z1—V;) pyq.z)ap

(-2 pzlz1 = Vo ) (Vezi — 0. Vg) =2 pylz1 — V. ) {(Vyz1 — 0, V)
G(z1— V) pzlo:=V)+H (z1—V,) pylo— V)
(=2(az(z1 = V) + a:V)(Vez1 — 0, V)

20qy(z1 — V) + a:Vy)(Vynn — 0,Vy)
G(n—V)(az(o:-V:)=q,Vs)+2GVzqz(0:—V.)
H (21— Va)(ay{0:— Vi) - a.Vy) +2HV,a.(0, - V3)
2Kq.(0.— V)8

(Vezp— 0, Va2 +(Vyz1 — 0,V,)?

~ G(a~— Vi) Ve(0: = V) +G V(0. - V,)

— H(z1—V.) Vy(o,—V)+HVy(o,-V,)?

+ K(o,-V,)? (3.26)

I
+ + + + + o+~ 4+ 4+ + o+~ 4

+ + + +

L), BED oy il (2= z1) TYULNLMFEOKERR, X7 —>ETalD2RAL L
THEHLEL, #->T, n*AFNLET R TED 2z EBEL THIE, LTEHOREROAIME
KTE 5,

b) A& O RIE OB HE | |
Kiz, AEORNEOBTES KD S, a) TROZ EFEICHT 2 200RTEDENS 2K

HEIZET 2 2X0EZEORD, AGOMECRTHEORE LS,
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iii) KO ERDINT X —2BEADOER
a) 2 REEMOPLEKRD S
2 SR AR
a02+2haﬁ+bﬁ1+2ga+2f6+c==0

OFLOERD, EXFEX
ace+hf3+g=0
ha+ bg+1 =0

DRELT, RDLHIIERLND,

—(bg~1fh)
a0 ab—-nh?
_ —(ha0+ f)
| Gy = B —
b) 2 KRR B ABE)T S
& (3.27) D HERIZ, |
a=cd +ag
B=5+5

AT B E, a) TROZZFLARZAE DK (3.27) i,
aa?+2had8 +b8%+¢c =0
Ehb, ZIT,
c=acd+bB+2hagfo+2gar+2ff+ ¢
Th b,

) 2 KR % EET 5

5512, % (3.34) 1ML T,
2h

a-»b
T%i%ﬂ%ﬁﬁﬁﬁﬁ%@ﬁ?ﬂﬁ,Z&Eﬁﬁﬁﬁﬁﬁ,

tan 26 =

ORI EEL, ZZTa,bid,

t2—(a+b)t+ab—h2=0
DIRT, h>0%bikEVHMa, h<0%bASWAEaThb,
d) 2 RERE BABHETRT 5
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R (3.35) R A EB T AWTRDT L,

_ _\E cos(9) (3.39)
8= —\/% sin{¢) | (3.40)

B, ZIT, 0< ¢< 27DFHET (&,5),i=1, N bEd,

Q1

(o}, Bi) = (& cos(8) — Bisin(6),
&; sin{8) + B; cos(6)) (3.41)

E51Z,

(04,8;) = (e} + a0, B + Bo), i=1N (3.42)
%%ﬁbf,Z?Uuytmﬂﬁgib5o:Wﬁﬂ%%gﬁﬁéﬁﬁfﬁTélkTZ*%
WMELZIENTE D,

332 ZEEIIHT ZHEBRBFTT NV DER
BESEFLOERIIBWTI, EEdAL I, BRI, L ERGEREERTLA
&i%E&T6%%KMi,ﬁUiV@%%@(%E@)ttfiﬁén53&ﬁ%¢®ﬁ%
WhETT HEEFERL 7, AL, EE331IIERLACSGCGETVRRIAON
PERTHOBRTRERLERD, BTy (BEF—-FR—ALBVTit, ZAK) OREH
T BRNEDERTH L, BT, SOBETERTIDICLELREOREL Y.

(1) TERY X OFER

BT RTESE BRI - TRATE 2, FWEERATHF )T BET DR,
@ﬁvﬁyﬁ%wﬁﬁuﬁﬁ¢%§$zﬁ(%&ﬁwgﬁﬁw)wﬁﬁ(§$i¢®%%%h
b) FREEILOBRERFLROEROEHER > T 2,

(2) BEARVEDOR 7 U — > ADRE |
RSy OEARUAEEREENSA S )= ~EHT b, JEEL, S (BRER)
& Lf:o

(3) IS (WIBIS) D

%8 (BT PHE Tl TOREBEIT I,
i) AfREE (RRGEER)

RS = ~BELERADI L, AEEEET S, JIT, ARLIRDEBD, 815,
Ap )= ~EEEN 200K Ty PRUQAESHAILEHEEL, »o, PEQORSEHS
L (5A6AAEEIHL, HIEHFLTWARE) THEH, LERREV I,
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T, WhERRTLEER (ZARFIITY0EEE) 0FLiZonT, UToRHE

a) LEMELEZ o TWANAB Y —ILT RT3 1 DDBA, AABUIBETH S,
L7:dioT, MEFBRTT 5, HABNF200R T Tk TEESNIHE, b)~
d) DRHEIT, '

b) WAB ¥ H£HT 52 00=/A%, ABC RUFABD I22WT, AB & AC DHF{RIS AB
& AD D4R, BlL, 2 00ZAROEENRS MLERUbERD B,

¢) GLINAEERD B,

d) GLbOMREYEETH HHE, LIIR~LERICHY, ZAB2HRETE, £ THW
BE, AB%%&&T%O
i) BNRDIEE

BALZEGEETAMT VXA B RUATOEE,

ZHEFABC IZHL T, B9 PQOBIIIRELFAL.:®, HEEzELLTLI=ATOE
1 AB,BC, CA# BAFETCHRRINL-EBRENEY T I vy F2EZ 5 (Figd. 7.
Iy FANET, HEE XD ZEFRABC O#%AIIHHLDIREBHITE 2V, —7,
ABOHPLE T Ly FOMNIHHEE, TOZARICKHL TERTETS 5, |
Figd7i2BWw T, BEPQH, 2AILITET Iy FERDE, KO IIREHTEY, PI
EIQITBHEITE S,

W, 28 Plzp,yp,2p), Qlzg,yg, 20) X BAEMERRORY PV FEATET.

{1

EP + A7 (3.43)

IIT, F=(r,r2.m) =PQ.ri=29—zp,ra=yg—yp,rs =29 —2zp Th5h. 34 |E,
A Bl #B2FE: ERATEHINLIEROLMIIHT I 20 L, FfKS, {E, A, Ct RU
B, A, DI 2325 2 FRFRLRUTNET 5,

TRTDG (1=1,3)122WT, ;3 <0FE 1< NOR, BFPQE, SFALNIHRAE
EELEHTEETH 2, 72, H5i1220T, 0< X, <1DBTYH, Figlds80s, PQIE
Bl L b, Blb, Fig38DBE, 0< A <1TH2H, HHELS PQ IXBEITRET
Hbh, OLILHEEEREL, ROLBELT I,

Wi, 24 A BE@E 6ﬁﬁ%ﬁf®Aﬁbwﬁﬂﬁ?§?o

EA + uAB (3.44)

34 |E,P,Ql *BAFEH: LR TCRENIEROLTHICHT Zuk e L, FRIZ, 28
A CEBLIEFINTE2uRU2AB, CEBEIERIIHT I FNEN o R pa b T4, ¢
RTDi(i=1,20T, 1 <0FAR 1< 08, HTPQR, FAONAHELSEIZKE

LBETRTH 5,
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Fig. 3.7 Pyramid used in the investigation of hidden line.

Fig. 3.8 A line segment PQ out of the pyramid.

(4) MIBERDHH

RESERYT 7 A A~HNT D, BRENTVIBHEDOA 7 ) — v EE, HREFROKE
B BAnBiBElTh. RBAZY—VEETO~10OMIIZ v €Y 7Lz bDEREAT
Bo RAYAFAIZL o THERENT ] RR— IMEUEEREIIHT 2 GRRERE, Tht

. Fig.3.9K U Fig.3.101277 ¥
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Fig. 3.9 Contour of objects in JRR-3M extracted from a set of polygon.

Fig. 3.10 Contour of cbhjects in mockup environment extracted from a set of polygon.
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4. TEFFIRARBHEIC & 5 ERERK

B R ONEH R IEIC £ 3 ERERS AT AIIOVTHERD, FERNOIIIBHE
T rAEBERIIBOTIE., BEEHBEE LAY ) — Y 2HRT A SEELEET D EEM,
ElL . HEF BT 52 L TRERICHT AEEMERET S, VWO EELRBIETH -
Fro LAL. SOBE. 1) LEORMBKERFEETSH 2. 2) RARFRUEEHSTOY
12— arEiPELROASAESC L THEARSH 2V ELEEE. Lo/ tBH
b ERLZERIEATHLEREED, BERIIZLVWODOTH- 12, BETSFER, £
A b DA BHL . ROFHES 32— 3F4Z L CLEMESYENL . BEALE
GEEBTLELDTHL, Ial—3avit@EryFHA0ErHNTEY, EFAO5HT
B SN T VAN TFRETY FAMT - 2— FOSSERESFIAT 52 & CHERMO
HRER-TVwh, 270, AL CETRETYFHLT - I— FOBRLABHE L THERES
NEBETY 7 ANOEEIC L) ESERLEL BREL TV,

4.1 JBSEMEC LA EBRERT OIS LAOSEIO-RUSETT L

BgER T AT Y XMZDWTR%, BBl X i, BREFEIZB T, H2HE
oM NEEERL . A2 -V EBRT A REXEAAL BICHET 2 LROBEE (RG
BIEDMEEE) 2 ET A2 8T, ERSERSN S, WhHFERONRIL ., HH/ HEHX
HRUBIFOS 3ab -3 a v OBRIIEL THAZRBERET S, EHRERT IS T LD
HET7U—% FigdlllFRde T2, A7 U T LB AHETFLVEUTIORT,

(1) F&iF

A S BT A RBEF LT T 5, BEORMIRT — 5 GRS 2R TEEH
B) E—BEEE AV, BRONE (BE). FREY T rTh, ¥ 7N 7R,
FROBMSISLTHEET B, £, &R, BRNCEROBESHEZRRLL TF
D, K7 I LTIE, KBEFBBEZTBIISKENREIEDL, KEFPLETIHET
SOERICTEL . WEEEOEEE 7T OOERIINT ARHMEL L TEF VLT . F7H
75 LTHBTAHERBLGET2E% Tabled 1 1IRT,

Table 4.1 Relation between color and wavelength.

& % [ #F 53 " g ZIN
#%E | 400nm | 440nm | 480nm | 540nm | 580nm | 600nm | 680nm
HES 1 2 3 4 5 6 7
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ERiCETEA-F N=C Ne:H AU
> w:7rA b
L
N=N+1
¥

TR E—. KNS R LE
SERE O T T

R&icET V-7

A 4

EREPEOFEREIEL KDL (8)

yes

EHEL -k
BEED1DOD?

HE(RH DIl — 3

<>

ves

N »>= NP
no

(a)

Fig. 4.1 Flow chart of Ray Tracing program ‘by Monte Carlo method. (continue)
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Fig4.1  Flow chart of Ray Tracing program by Monte Carlo method. (continued)
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T/, ATIY 5 LTHRD RBEOEMERE, BITER, FLFE, SREDAET L, PAT
B, KEEOL I REBRESL»SONTHY, ZOBE. FRATORKROHERU
DX FLF— (EE) II—FTHD, &FXD, 2% 0., KOTRNVF— (EEE) HRENIG
DD 2 FIILEFL TRAT L. L) ERIIZEICAN 2V T0, HOLEL SR
BUTELHEFEE STV ABEORENT Y7 7ilid, BOBME LEEOAED
B L CRESNLRDMEEEET 2,

(2) RETRUEA

A7 OYFLZEWTIE, koFEREE, b, ¥/ FERFRTESZE T AL -
Yizlb—varth, SABREHINLEEELTRT V24 N WD, W OMHEIL.
10 Th D, HEFEITECTRIORTREFII AL TEOERBRIT 2 (FECBITD
WIEET, L THL W= W (1 -5/8))e 7L WTT¥ - =Ly (RMFWETY
FHALO - I=FTHVLRTWSEFEHRRE) KLY EIRSTHRZOVTIE, £DEE
W, TRASRITHEIWEHELET. A7) —YEERT2EERIINTEHFFTL.
WHE (EBOZFNF =) (LX>TEtE S 3, MRERTREEORFIIRDED,

Et - Es + Z:a (4'1)
By = e+ Xi+Es (4.2)
ZIT

T. o RATE

T, # b

T, BERSTE

Y, LRGSR

}:tr . . iﬁi@%

THhh, S,~S,id. EEOWE. BEOZ ALY, HOERE LEEOAES, HROBET
%éotﬁL\%%wﬁﬁuﬁwfd,%ﬁﬁﬁ‘ﬁﬁﬁ%ﬁ¥%ﬁmmm%ﬁﬁ%§ﬁ%%
LTINS DECELUETIVLENRS L, K707 I ATRIFEETTFILVIE, ROEBY,

a) FHELRAT
. b) EEXET
¢) E@

Tz, 8FEEFVIIHTELIab—2a v OBRELZTT.
i) HBUREIC & B REER S

PRSI BT, BB LW HMICHFIIFEN TV L L EZ 5700 HLERSTE
N EORET{NE, BADNEL ITERRIIYERRIE ASHEDAETRET S, 2 H,
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KB L EOEBDOEOAETEHEERDOLROBEIRE SR D, TNIL, Lambert D2 &
MEEAL, chieHWT, RN X 5MER{EY

E,: = Ej*Rpx*cosf (4.3)

Y5 Bo ST, By Emid. TRERLRST SRR, ASDE CRESSOR) DEE. Rp
BHREROLE RS (= 5,) Thbd, 72, Figd 2 IZRT LI, QIEHOER L KFE D
BETH D, HEL L TEAREE S EE, Ent—EET 5, BE. PIAERELT
EAEEAD L DT D ABREEELTVLDTH D, REL L THELED 5 VE Sk
FEOBAIR, ROTALF — (BF) FRELHEIEOEHE r0 2 RIEAL TRET
B7:0, EqnlliBR T, En/rte O THBROBETET 5. '

R A RO RRORAEIIOVTIE, WHEEICHE T 2REMI—RIISHTEb0L
LTH TV o945, _

Ko7 A Wit, ROLFIICELSES,

W = W=xZ,/%, (4.4)

i) MERSIC & 3 REKES

BEREHC L o THEEEICBWTELT 2 RROBEELOFHEIZIE, Phong DETF L E
25, Phong ®EF N Tid, EERLN L 2REEOBIT ., KBE AFKOTL 2T HE
Ik oTikE B, 20, EERFICIARAINTLEHFEDTT

Bt = Eim+V(8)*tan™¢ (4.5)

TET, 22T, V() IPERENEARFE (= 5,.) THbo Eow » Enid, TNENRET
SR, A GEERSLOWX) OMETH L, ILHKE L. REL L THTERE AV
DAL, Bt —F. AXiET HWEEE, Ey KR T, En/rPeAv5, 72, Figd.2
WRT L9, ¢lREB L ASROLTAETH D, n IPERRACHEL P ELRIATLHET.
SR EL L DERRODLEE R D, —BIINAF A PRI ZEEIAL 2HROBW
WAL, BEHRFICL > THELRLZEDTH S, ZIT. V@) R nid, WHIZL - TRES
NABMITIIETHY, STLFILEREALOELT(LE SR LI NBONS,
WD T 24 Wik, ROXHICELLSE S,
W = WxI./%, (4.6)

i) %8 _

EHLHEEERT 270, EANOWEREIC LRI EZET S T TEHFL. 20/, 51
SRR L 72452 THIAARZ P DB T 2 RONEHE S SITBHT 5, HERs b
i, ARNVOERIEFHEN 2RO L > TELEE S,

Nout *8iNfoyt = Nyp *sinbyy, (4.7)

IIT Ny mintd s FNENBIFFOWEORIFE, BIFEOHEOENE, THLH, WK
EWMIIBWTBIHFT ARSI INTE, AORICL > TET A,

Eout = Ein # Xy (4'8)
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SHIEHE

&I

AR

MirRE

Fig. 4.2 Tlustration of incident and refrectiion lights.

KHOT 24P Wid, ROLFIZE{SES,

W = WxI,/% (4.9)

(3) BT B MO KEL

ATOY T LIBWTIE, BFTIHEROKCIHBLZRT b0 L5, B, B
L7 R EEIIHET L L, S6I0EBH VIR BERST 5 08T BT 5,
2L BHHORRO T = A PSR o B e VDT Y =Ly FEERAT, B
AR TALESRIRETALELIL, v A P ERETS,
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5. BbDIC

BEEhRAgET Ry P RUTHEELT 5> P OFBBEHIEL L TERBL T b [ ABEfEY
32b—var 78594 (HASP : Human Acts Simulation Program) | 12813 5 W4
b AF AZ DT~ 7,

HASPIIBWTH, VI v F - BEFLEEERL L TEFNMLSREEF IR R,
B4 LB RIEESIREIN TV, BRENRECI ZREETFLONHIL, ¥ 22— 3
YHEROEBRBER, SEEBLEOLODORTRETNVOERE, BERRETROIER RLEHRE
BREIC & AEEERIZI DWW TR,

LETIRAREII BT AMEAR., KB, R BB ARE BiEYIalL - s
VIZBITANERETH L, RO AT, AECEFES OB EMTRTHER
ENBZBIIBOTHASATELD, Z0k )% [RADER] THESALHNS 2V
FEEEFOBHROL S LMEYE KEEEH~ERTAZI L. FHTLEREFTVOESRED
HINIILREVAEDIBOTHETH 5, [BAOER] #HIAL - A7 2HETHEL
TWAERRETIE, B, oKy FOBERES LCEAEOEFIER. JRR-3Mz2
FEL. HEREFNVOBERFTRILEHOMEZ EDO TV S,

- SEYR

(1) TE=E f; B HMEELY A7 2O (AMBEY IaL—Say - 70yT
&L HASP) FRSFEMERMEE, JAERI-Research 95-014(1995).

f2] K. Higuchi et al. . Development of Monte carlo Machine for Particle Transport Problem,
J. Nucl. Sci. Technol., Vol. 32 No. 10{1995).

[3] Leendert Ammeraal : Ci2X %777 v 7 A4, P112~133, +— 44 (1993).
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Appendix A. EZEl - v TERTNVIT) A A

(1) 7AJUXLOBE

I, BRI/ ELFERTAEALEEEERT A TXTOIATYE (HR) L0LEH
BAENB, Ry LAFERT28EN I PR LD 1 EXd B 3 RTHE L IZET AL,
ki, FORIELE AT, HBEZEMIHLT, SOREERTV, K7L - vy
FEERT D, KL ABRT AR, HIUEIETTNEAEHOUEL. ROFEL
£ 2TITHo

(2) A& 3 RTERDTERNROBE S

BATHOESHETEASNS 3RTHME, FERIAELHERT 2 BT HRER
CEWT AT EHTED, WE. HEOHEL A AERER L aUb N cNdUe (a~eid,
MR EHEED) 45, 3) KBVTHERTIEREBVT, MRE %5 5L SHESES
LA OEEEES, KDL RBERFERT 5. COBREBRCBTZEERL. HHE
CEELMEERY R, Bb, SAMEOLEERIIEINLE, 1. FALSOE, 0TS
5, 0U 1N 1 N1 UO0FIRERINTZFEET, HEERBENEOERIIE
TN AP TAFEET S, DEAOEHIBVTiE, Y (N) BEOEELEHE (U) £
SOESI EAL TAET 5. ZOLECELTRETAERE. Xh ) BHELTE, &
BRE . ABEEATITL Tt FEMMRENTAH D, FRREROFMY FigA.l IR, T2,
AT 5 A SEGREMOH £ RIIRT

ST 3 ASBEEEMOR]  EEOSDL (0,0,0) . EEOEE 10, O 2 8
EIF. B 200NEIE, LT3 >0HEIcT#EINS,

gl(z,y, 2} = z—20 (A.1)
g2(z,y,2) = % +y°~100 (A.2)
g3(z,y,2) = =z (A.3)

SIT.abc ¥ FNEN gl g2, g3 TRENSMEOEF LT H L, 3RTHEM O,
UTorHIzFzASIN D,

~aU-bne - (A.4)
T, PRERIGTAREXFZRAOEBREHCCERL . F0REATFAT S

(3) AL EE e OUEBREAN BN
i) B LAR
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Fig. A.1 Evaluation of logical expression to investigate a relation between point and region.

B S (r=(2,p,2) B, BEHiCE>TELN D EEMTEEREDELEHET S,
AFNBHE, f=1. SENRVES. f=0

B r D 3RTTEEAE, HEE S i (HSEAD)
i) BKEI= %9 B B Ol

HEL A BEY 1. o PRENBERRTAHEHEHESES. h(r) 2 ¥E R, PLOME
aPREOR LTS, 2F,

R(r):|r—el — Ry (ER) (A.5)

Thd, HEalc ko THESNZELEME K OUEERERD DT, ROT —VEEE
EZ5,

g(r) = sign(a) x sign(h(r1)) (A.6)
T,
sign{X) = 1 (X>0) _ (A7)
= -1 (X<0) (A.8)
Thb, TIT,
fry) = (g(r) +1)/2 (A.9)

EEAHE, B fix. EEI) OMBEIEET D,
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Appendix B. ZHEEETFNVERT LA U XL

T, BRBRBRT —F _X—RZCSGEFNL LTREISNEBRT —F 202 EBEHET
NEERTIERTLT ) X AOBELTT,

a) HDYMEEBRT DBEASLBEEZEEOAyF (3RTEMICBT 2F R 2 KiliE) 2
ST 5. (B BRI 2EROFE Sy FL 18Bo 2 REE Ny FIZHMEN 5, )

b) &y FEELTDREOR YTy (ZAT) LERT 5,

o) EARTEBORBRER TR, WhRECHMET 2R YT 2RETS. £XY
TUEHET D 3o0EAD D AR EL LAR, BEEBRTIECASEROT
RTOERIEIAEG ENT, HhoRBEREFHLE TR, TR ) I 3pERmici
BTARVILTHY . ZOMOEE, TOR) I RoERECAET IR YT T
vy, REERYEEOaSEMFEORBHIT. HERAQ) OFEEZAVS,

d) HBRVIVEHBRTEIO0EAD IS, 1 RELR S RBPFEREVETIEE.
1#ERIT, 2RO ERV I L HBEEETT .
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11. HED
FYERES
ZEEAE +EBH—R

HEOFYBRESLARBLTHDCDOIREZH L EIFET, 9. BIC
LNEZAREESBMNEE, 2AMICHE D BB TR TE Y E#S
TXE Ui, BHICEMO A 23, EMTRVWENEEZEZEEL TSP ECBEEL
WICIEWTREB L TOET,

FEIFYEZESUNEBRLEHMLE LT, EWSOBEERELIFLOER
FIRB AT LEFEIILUTHET D& T Ulco AENIREILER &0 S
VI MNIITHBEDO MYy 7 AOWKELE. I- FEESUPEBRFEEL L TH
BENE Ulco BHF RO HEREHEL V- DA ITEHLBE L LETE T,

CHEDIHEERBDR->Ts TEHENILY, HIREEXET, ETELE
DA X AR ETBOAHABHAOTEA D THL . SROBAEREL
WieiinEE L, SIOFDEET, "5 cRRE L s@RbEhizb Do
TLESIERHBEDI ET. SHOFHEEB L DD, HRRBRET I LE
VAR U E U7z Numerical  Visualization®fl & LT FHERZFOEAI ATV A
J— R+ —bf{ED Y 32—V 3 VORRAEBZBTREBTWIZEE L
KEKDHE X AITITEGS4% O oGO F OB % 3 IRITTER LT IIE
F U7t BETE2ONIIZAICELV—F—TRH XN EBENBIT TERET S
FROEHARNOBRTIEFINDEL RE T & E Uic, BROWLIRIAIZER
BUEEA T LA RSHEORFrRni@ L EANBRCDNS LIRETH
7c72& F U7Co Experimental Visualization& U Tid#F RKDHTH & AlINeutron
Radiography’® Fi WV THEIE L2 RSB OHRNEN S MBEIZLTRE T RS
T Ui, BHOPEIARFEROFEL TERE LA ->T, #LRA
WS EITHDE L, BEAORAIARIRNER S Z ENCEATEZRRRDOI
1842 % 5 TScientific  Visualization& FEIEN 2 & &% 3 RTTHGESTI O TR HIITHTE
U & E Ulco BERTOFEIAICIIROSAEROLHRNENETIETE S
ALY ZFLERBNM LT EE Lk, ShETHEFLL LKWV DWS
Visualization & IZENEA D F 445, HINOEE ZA/MRE ACIZERORERST
A LT BCAEE TREE A AMICEE UIERY IaV—Vva Y VAT LE
EAUTOEEE Ui, BRRCHERZOBOIAEETFFOEEoRy by
IaV—YavilBbAEs DEREROHRORREBMNIEEE U

B2 PYE LS Tl Visualizationit FHUT EBH U - 70 2 & b &H - THU
BICBNTOET, CONELOBRREEFFUE - THFRRIENI-DOETHENT S
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