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present invention relates to a sinulation system and nethod and, nore
particularly, to a sinulation 10 system having an inmage generating
function, and a sinulation nmethod having an.i mage generating process, that
can visualize the behavior of an analytical nodel in real tine by

simul ati ng the behavior of the object of analysis by dividing a

t hr ee- di nensi onal space, in which 15PEREFAEAGIOMNST anal ysis is constructed,
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simulation method having an image generating process,
that can visualize the behavior of an analytical model in
real time by simulating the behavior of the object of
analysis by dividing a three-dimensional space, in which

15 the object of analysis is constructed, into a plurality
of subspaces, and by visualizing the result of the
simulation on a subspace-by-subspace basis and thereafter
superposing the resulting subspace images one on top of
another by considering the occlusion relationship between

20 them.

2. BACKGROUND ART
With recent improvements in the performance of

digital computers, it has become possible to simulate the
behavior of a large-scale object of analysis. For an

25 easy understanding of the behavior, it is important that
the result of the simulation be presented in visible
form.

Figure 1 is a diagram showing the configuration

of a prior art simulation system, which comprises a

30 simulator 10 for computing the dynamic characteristics of
an object of analysis based on prescribed parameters 1 to
m, a storage medium (for example, a hard disk) 11 for
storing the results of the computations performed by the
simulator 10, a visualization apparatus 12 for

35 visualizing the computation results stored on the storage
medium 11, and a display panel 13 for displaying the

simulation results visualized by the visualizing device



35 visualizing the conputation results stored on the storage nedium 11

and a display panel 13 for displaying the sinulation results visualized by
the visualizing device 2 - 12. However, in the prior art sinmulation system
as the visualization is inplenented as a post-process to be carried out
after the sinulation, the follow ng proble 5 arise. 1. It is difficult
to observe the results in real tinme, upon®changi ng the paraneters, because
the simulation results output fromthe sinmulator are visualized after
once storing ngn1on the storage nmedium 10 2. For the visualization
apparatus to “Vi'sualize the sinulation results, the sinmulation results
stored on the hard di sk Fawavex | ike WuetPHECEoAVEr BeBULGL1IQDf GYFEEM hAXS
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aving eight nodes; in ‘this system the behavior of the_ object of analysis
i's visualize the simulation results, the simulation results
‘ stored on the hard disk or the like must be converted to
a format that matches the visualization apparatus, but if
the scale of the object of analysis is large, an enormous
15 amount of computation is required for the conversion.

For example, when the viewpoint is moved, an
image corresponding to the new viewpoint must be
generated anew; on the other hand, when the simulation
results are output as volume data for visualization with

20 polygons, the volume data must be converted to polygons.
As a result, it has not been possible to present the
simulation results as images for observation in real
time.

In view of this, a so-called distributed

25 simulation system has been proposed in order to enhance
simulation and visualization processing speeds.

Figure 2 is a diagram showing the configuration
of a distributed simulation system having eight nodes; in
this system, the behavior of the object of analysis is

30 computed by distributing the processing among the nodes
#1 to #8, and the results of the computations are
combined.

Outputs of the nodes #1 to #B are transmitted
via a communication line (for example, Message Passing

35 Interface) and a high-speed network switcher 21 to a
server 22 for display as an image on a CRT 23.

Here, to present the result of the simulation



30 conputed by distributing the processing anong the nodes

the results of the conputations are conbined. Qutputs of the nodes #1
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Figure 3 is a graph showing the relationship
between the number of parallel-connected computers and
the processing time, plotting the number of parallel-
connected computers along the abscissa and the processing
time (in seconds) along the ordinate. As shown in Figure
3, when the number of parallel-connected computers is
increased to between 50 and 100, the processing time does
decrease, but on the contrary, when the number of
computers is increased beyond 100, the processing time
increases. When currently available CPUs are used, the
processing time that can be achieved is about 0.5 second
at the shortest.

The present invention has been devised in view
of the above problem, and it is an object of the
invention to provide a simulation system having an image
generating function that can visualize the behavior of an
object of analysis in real time by simulating the
behavior of the object of analysis by dividing a three-
dimensional space, in which an object of analysis is
constructed, into a plurality of subspaces and by
visualizing the result of the simulation on a subspace-
by-subspace basis and thereafter blending the resulting
subspace images together by considering the occlusion
relationship between them.

3. DISCLOSURE OF THE INVENTION
A simulation system and method having a first



25 of the above problem and it is an object of the invention to provide a
sinmul ati on system having an i mage generating function that can visualize

t he behavior of an object of analysis in real time by sinmulating the
behavi or of the object of analysis by dividing a three 30 di nensi onal

space, in which an object of analysis is ,aqnstructed, into a plurality of
subspaces and by visualizing the result of the sinulation on a subspace-
by- subspace basis and thereafter blending the resulting subspace inages
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generating means for generating an entire image within
the prescribed time interval by blending together the

15 subspace images generated by the plurality of subspace
image generating means, the entire image representing the
result of the simulation of the entire object of
analysis; and a display means for displaying within the
prescribed time interval the entire image generated by

20 the entire image generating means.

According to this invention, the behavior of
the object of analysis is divided into a plurality of
subspaces for simulation, and the results of the
simulations are immediately visualized. Then, the result

25 of the simulation of the object of analysis is visualized
by blending the subspace images together.

In a simulation system and method having a
second image generating function, each of the subspace
simulation means calculates voxel values for a plurality

30 of voxels created by dividing a corresponding one of the
subspaces.

According to this invention, the simulation
computation is performed on a voxel-by-voxel basis, the
voxels being elements obtained by dividing the subspace

35 into cubes.

In a simulation system and method having a

third image generating function, each of the subspace



20 the entire image generating neans. According to this invention, the
behavior of the object of analysis is divided into a plurality of
subspaces for sinulation, and the results of the sinulations are

i medi ately visualized. Then, the result 25 of the sinulation of the object
of analysis is visualized by blending the subspace inmages together. In a
simul ati on system and net hod having a second inage generating function,
each of the subspace sinulation nmeans cal cul ates voxel values for a

plurality 30 of voxelﬁgg%%ghgqmggﬁyzﬁéﬁ égéxgqgsggggbggeogﬁaﬁg Epe

subspaces. Ac%@?a?nae 'S i nventi the sinulation onmputaftion’is
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having a thirc ge generating function, each of the supspace 5 inmage
generati ng nedABudaRépat BY £hEIISHRATE I yPT bFRRdFRESPBGEt her, in
accordange W thpya1mdlibhPlh@atRared superposition nmethod, the voxel values

conputed by sinulation by a correspondi ng. one of the subspace 5_sinul ation
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t he subspace pllural ity of subspace image
generating nmeans are bllanded irogetticn dysteh congriethedebavdagedni ned

among tiP subgRgeen THA%R 'RATER Addibd, DAEAYnaPaLe RABLEST ONi Ng
generated by the plurality of subspace image generating
means are blended together, based on priorities
determined among the subspace images in accordance with a
binary space partitioning method.

15 According to this invention, the subspace
images are blended together, based on the priorities
determined in accordance with the BPS method.

In a simulation system and method having a
fifth image generating function, the entire image

20 generating means comprises a plurality of composited
image generating means arranged in a hierarchical manner,
each for generating a composited image by blending
together two subspace images based on an occlusion
relationship between the two subspace images.

25 According to this invention, the entire image
generating means is constructed from a plurality of
composited image generating means arranged in a pipelined
structure.

In a simulation system and method having a

30 sixth image generating function, each of the composited
image generating means comprises: a priority judging
means for judging priority between the two subspace
images; a switching means for switching connections
between two input images and two output images based on

35 the result of the judgement made by the priority judging
means; and an image blending means for outputting a
composited image by blending together the output images



15 According to this invention, the subspace imges are bl ended together,
based on the priorities determned in accordance with the BPS nethod. In a
simul ati on system and nmethod having a fifth i mage generating function, the
entire imge 20 generating neans conprises a plurality of conposited inage
generating nmeans arranged in a hierarchical manner, each for generating a
conposited i mage by bl ending together two subspace i nages based on an
occlusion relationship between the two subspace i mages. 25 According to
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is a diagran1gggﬁﬁng t he configuration
o Figure 3 is a graph showing the relationship
between the number of parallel-connected computers and
the processing time. -

15 Figure 4 is a diagram showing the configuration
of a simulation system according to the present
invention.

Figure 5 is a diagram for explaining a method
of subspace division.

20 Figure 6 is a perspective view showing one
subspace.

Figure 7 is a diagram for explaining a method
of subspace image generation.
Figure B8 is a diagram for explaining an MS

25 composition method.

Figure 9 is a diagram showing a BPS tree
structure.

Figure 10 is a diagram for explaining a
blending method.

30 Figure 11 is a diagram showing occlusion
relations.

Figure 12 is a diagram (1/2) for explaining the
blending process.
Figure 13 is a diagram (2/2) for explaining the

35 blending process.

Figure 14 is a diagram showing the
configuration of a pipelined composer.



10 of a distributed sinulation systemaccording to the prior art. Figure 3
Is a graph show ng the relationship between the nunber of

paral | el -connected conputers and the processing tine. 15 Figure 4 is a

di agram showi ng the configuration of a simulation systemaccording to the
present invention. Figure 5 is a diagramfor explaining a nethod . of
subspace division. 20 Figure 6 is a perspective view showi ng one subspace.
Figure 7 is a diagram for explaining a method of subspace inmage
generation. Figure 8 is Fagliregridm ¥ora exph@rannghewivg tB8& conposition

met hod. Fi gur | BPS tree structure. Figure 10 is a
di agram f or eg:f)J éfll |u%éﬂa Ien?ng Iﬁ%lﬁod 30 Figure 11 is a diagram

showi ng occl usi on rel atfiignge Rifgure ap ¢peratiagr aimipg2ingr agx flogi ni ng
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bl endi ng_ process. Figure 14 is a dj agram show n configuration of a
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a merger. FIg@&@cb@su&ga&dﬁﬁﬂﬁ§J(Nltlﬂ]ﬂg diagram for the sinulation

system according to thefprﬁﬁﬁgtldnventlfqbwchart illustrating a node
processing routine.
Figure 19 is a flowchart illustrating a
10 subspace image generation routine.
5. BEST MODE FOR CARRYING OUT THE INVENTION
Figure 4 is a diagram showing the configuration
of a simulation system according to the present
invention; as shown, the simulation system 4 comprises a
15 server 40 which controls the entire system, a display
apparatus {(for example, CRT) 41 which displays an image,
a plurality of nodes 431 to 438 which perform simulation
and visualization processing for a plurality of subspaces
created by dividing the three-dimensional space in which
20 an object of analysis mode is constructed, and a composer
44 which combines the outputs of the nodes 431 to 438 and
supplies the result to server.
The server 40 comprises a CPU 401, a memory 402
which stores a program to be executed by the CPU 401 and
25 the results of processing performed by the CPU 401, a
graphics board (GB) 403 which outputs a moving image
signal to the display apparatus 41, and an interface
board (IFB) 404 for interfacing with the composer 44;
these constituent elements are interconnected via a bus
30 400.
The nodes 431 to 438 are identical in
configuration, that is, each node comprises a CPU 43b
which performs simulation for the subspace in which a
portion of the object of analysis is constructed, a
35 memory 43c which stores a simulation program to be
executed by the CPU 43b and the result of the simulation
performed by the CPU 43b, an image generating engine



5 Figure 17 is a flowhart illustrating a server processing routine.
Figure 18 is a flowhart illustrating a node processing routine. Figure 19
is a flowhart illustrating a 10 subspace inage generation routine. 5.
BEST MODE FOR CARRYI NG OQUT THE I NVENTION Figure 4 is a diagram show ng the
configuration of a sinulation systemaceogding to the present invention;
as shown, the sinulation system4 conprises a 15 server 40 which controls
the entire system a display apparatus (for exanple, CRT) 41 which
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engi ne
g Figure 5 is a diagram for explaining a method

of subspace division, illustrating the case where the
three-dimensional space B in which the object of analysis

15 is constructed, is divided into eight subspaces Bl to BS.
The object of analysis contained in the subspaces Bl to
B8 are directly incorporated into the respective nodes
431 to 438.

Figure 6 is a perspective view showing one

20 subspace Bi; the subspace Bi is divided into a plurality
of voxels V (i, j, k), and by performing a simulation, a
set of voxel values is computed for each voxel V (i, j,
k).

The kind of physical gquantity that the voxel

25 values represent depends on the kind of object of
analysis. For example, when simulating the weather on
the earth, the voxel values represent the temperature,
atmospheric pressure, wind direction, wind velocity, etc.
at one specific point in the atmosphere. In this way,

30 what the voxel values represent is not limited to one
kind of physical guantity, but may include more than one
kind of physical gquantity.

The number of subspaces is not specifically
limited, but to facilitate the composition of the images

35 generated in the respective subspaces, it will be
advantageous to divide the three-dimensional space into a
plurality of subspaces, in particular, 2°" subspaces



8 board (VGEB) 43d which generates an image representing the result of the
sinmul ation for the subspace, and an interface board (IFB) 43e for
interfacing with the conposer 44; these elenents constituent are 5

i nterconnected via a bus 43a. In the above enbodinent, it is assuned that
the result of the simulation in each of_the_servers 431 to 438 is
generated using a dedicated i mage generating engine, but if the CPU 43b
has a hi gh-speed processing 10 capability, the inage may be generated by
sof twar e usi ngwhaiel MY gemagﬂﬂiukrﬁmmﬁ@@r)Figure 5 is a diagramfor

expl aining a nethod of _subspac | vision I ratj{ng _the.case where the
t hr ee- di nensi onal spaceﬁél ﬁ%ﬂﬁiﬁ? %bf%%?igf gngbﬁsﬁ§mféa%§° ! the
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into the respéctive nodes ure 6 1s"a perspective 'view
showi ng Dne 2@h§ub§[5@c®f8|temﬁﬂ?taﬂmsﬁpac‘eh8| V@seéh vaaeasl ﬁt@ gopvergeidty of
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i s conput ed for e , I nd of yS|c quantity that
t he voxel 53@§IW@é1ﬂébﬁ@§éﬁ¥“ﬂ@ﬁ%h@%mmmﬁ%ﬁ%rﬁrnd of object of analysis.

For exanple, when Sl”U|%Hdukéfv3ﬂ%*ﬁfﬁiagﬁamtBSreékbhalhhﬁgvﬁxﬁbt%@BUeS
represent the tenperature at nospheri c, ressure nd direction, w nd

velocity, etcOf SUbSRACEHNFTE IRNGHATIPR heh %Fnﬂgﬁﬁe?eraVnc?ﬁt§nﬂay, 30
what t hgp voxelmetalodes Reepieadssd) i in netidch mhedcbdoonef Ki pdxefl physigoal

quantity, but fmy Inclide o8 dIAL 008 o Mg 2hoR ¥ LR nHERE Y the
N color information of the voxels contained in a circular
pillar C within the subspace Bi.
However, as the field of view becomes wider
15 with increasing distance from the screen S, the diameter
of the circular pillar C increases with increasing
distance from the screen; as a result, as the distance
from the screen increases, the range of the superposition
integration increases, and the computation of the
20 superposition integral becomes more complex.
In view of this, the present invention employs
a multiple sheared composition method (MS method) to
facilitate image generation.
Figure 8 is a diagram for explaining the MS
25 method; part (A) shows the case in which the RC method
shown in Figure 7 is applied, while part (B) shows the
case in which the MS method is applied.
That is, in the MS method, the subspace is
distorted, and an image is generated on a reference plane
30 by projecting the voxels in the distorted subspace onto
the reference plane by using parallel light rays
perpendicular thereto; by so doing, pixel values on the
reference plane can be calculated by simple addition.
The subspace image, the image generated by the
35 MS method for the subspace, is transmitted from each node
to the composer 44 where the subspace images from the
respective nodes are blended together to generate an



The nunber of subspaces is not specifically Ilimted, but to facilitate the
conposition of the inmages 35 generated in the respective subspaces, it

wi || be advantageous to divide the three-di nensional space into a

plurality of subspaces, in particular, 2" subspaces - 9 - (where nis a
positive integer). To visualize the resul ggol. the sinulation, the voxe

val ues are converted to color information in accordance with a
predeterm ned rule. For exanple, in 5 the case of tenperature, the voxe

val ues are coameﬁtedimh@ere@ﬁhysdﬂqﬁngemm@ramuiee bbgectonfl awalysis.

tenperature, and yeIIOWBf d§§%égntﬁ¥W§ﬁ@' %eimg?%urgczlhglgndlagran1for

expl aining a nethod of s ace i mge genéra at “uses~a ray casting
10 net hod (RCraéah@dﬁshnpwhﬂM@Hdehﬁﬂ&nbspagﬁplmegeepmuqy ben a screen S

5 Siven as_assuBeRaaEld bARJIIHe s diifos 0 Q6! RO FBLLRRSAGINE

voxel s conta in-a rcular in the su
as the field éﬁlamewn§@0®ﬁe§mmnmeﬂh§5SMh$P¢®@$eas$n@e§h§ﬁaﬁ@é fronlthe

screen S, thed@‘t@@ﬁﬁ%ﬁnﬁ‘)foctrﬁ%scicfrf:l&létfatpiéﬂ@'ﬁ wDEiegaegedtthpacieasi ng
di stance fromthe scree as a result, as the stance fromthe screen

i ncreases, théeﬁﬁﬁﬁécﬁftPh@%ﬂHﬁﬂpisltlon integratlon i ncreases, and the

conputation of the 20 smﬁQ{qumttﬁé)rbjgﬁ@ggmslbg@@gemrrebeBeogmleex In view
of this, the gresent i.nvention ﬂé a mul tlgle shear e

Tethod (M5 mebRERF AE6< FaEm | S eeR oReBRF gl cPganESa Sai 48 am
for epohining?theTMEt 1& mmﬂuxtnqxué Qp%cshn&spaheitaeaednbwhthb the RC

rethod  shown .51 QUG 1.1 SAld b N4 SRETELEEL SUBUBaLICo-6RRCRI

whi ch the M5 ne RSd
3 B4 and the second subspace group B5-B8. Next, the first

subspace group is partitioned by the second separate
plane S2 into the 1l-1st subspace group Bl, B2 and the 1-

15 2nd subspace group B3, B4. Further, the 1-1st subspace
group is partitioned by the third separate plane S3 into
the 1-1-1st subspace group Bl and the 1-1-2nd subspace
group B2. In this way, the space is divided iteratively
until only one subvolume is contained in each of the

20 spaces separated by the separate planes. Then, the
highest priority is assigned to the image Ii
corresponding to the subvolume Bi contained in the space
closest to the viewpoint. That is, higher priority is
given to the images Ii corresponding to the subspaces Bi

25 closer to the viewpoint, and the entire structure is thus
described in the form of a BSP (Binary Space
Partitioconing) tree.

Figure 9 is a BSP tree representation of Figure

5; as shown, priority "1" is assigned to the image Il

30 corresponding to the subspace Bl, the priority decreasing
in the order of the images I3, I2, I4, I6, IB, IS5, and
I7.

Next, a description will be given of how the
subspace images are blended.
35 When light emitted from a light source reaches
a point (p, g) on the screen by passing through the
three-dimensional space in which the analytical model is



That is, in the M5 nethod, the subspace is distorted, and an inage is
generated on a reference plane 30 by projecting the voxels in the

di storted subspace onto the reference plane by using parallel Iight rays
per pendi cul ar thereto; by so doing, pixel values on the reference plane
can be cal cul ated by sinple addition. The subspace inmage, the inmge
generated by the 35 M5 nethod for the suBdpace, is transmtted from each
node to the conposer 44 where the subspace i mages fromthe respective
nodes are bl ended together to generate an - 10 entire inmage representing
the entire obfeBELERCERLIyShe DPreghfdirstsit e tdk EREFr BOLAEgdP 082! &Si on
relationshipseﬁﬁg@gsbaeb@uQ$ﬂﬁQ&jkﬁagpp,nust be determ ned based on the
vi ewpoi nt and the positional 5 relationships anong the subspaces. A nethod
for determning 0§C|U§(P“Lﬁ§édimﬂﬁéhip W 'l be described wgRyateberence
to Figure 5. First,® heJei ght subspaces Bl to B8 are separateéd from each
ot her by seve a l.a j . S7. i cenklr a IS
partitioned behgﬁg P??gtRgegg%éﬁgj%ﬁgﬁéggﬁyi%%%é%ﬂeéFinglgg gpgcgggggﬁp
Bl- B4 &nd t héightomdysubgpgce ggridup BEPBcndextatt pesitistt ssobspaee group

. it Bt ; :
orop BL. B2 SidiEnesy 1 ehas S B Sy et The HHE F158t F499PAGR
subspace grofip iis paet teroviedtiyng roim ref separ dighpl 4A#-S3 into the

1-1-1st subspace group Bhednq ddifatlich 20f S4Ib$PAERet 920HPaB3umiRgl Rhatvay,
the space is divided iteratively wuntil only one subvolune 1s contained in

each of the 20sspadgs dJEgaredticwh B)) tie cepaimed. pl anes. Then, the highest

priority is assigned to!}pe i mage i corre%pgnding to the subvolunme B
; ; - i-1 ) - i1

containgf in the SRACE N (nias Il e %°AS) = 2 (ci I ai) [Equation 2]
= =

1«0 i=0
When [Eguation 2] is expanded, [Equation 3] is
obtained.

IC = {C0 + Cla0 + C200al + C3alola2 + ... + Ck-

lafol ... ak-1} + {alal ... ak-1Ck + alal ... ak-1Ck+lok
15 + a0l ... 0k-1CN-10k ... OGN-2}
= IA + AA+IB
AC = AAR-AB [Equation 3]
where 2AA = alal ... ak-1
AB = okak+1l ... aN-1
20 IA=C0 + Clalb + ... + Ck-1lal ... ak-1
IB = Ck + Ck+lok + ... + CN-lak ... ON-2

As can be seen from [Equation 3], when two
images whose brightnesses are represented by IA and IB,
respectively, are blended using [Equation 3], the

25 brightness of the resulting composited image can be
obtained. The above description has dealt with the case
where the number of divisions is two, but it is apparent
that the same blending method can also be applied to the
case where the number of divisions is larger than two.

30 Figure 10 is a diagram for explaining the
blending method; as shown, when two images whose
brightnesses are IA and IB, and whose transmittances are



cl osest to the viewpoint. That is, higher priority is given to the inages
i corresponding to the subspaces Bi 25 closer to the viewoint, and the
entire structure is thus described in the formof a BSP (Binary Space
Partitioning) tree. Figure 9 is a BSP tree representation of Figure 5; as
shown, priority 111" is assigned to the-ih&ge |Ii 30 corresponding to the
subspace Bl, the priority decreasing in the order of the inmages 13, 12,
14, 16, 18, 15, and 17. Next, a description will _ be given of how {he
subspace i maghd aré bBBendedpressixgdy | idgiw Rmndes #Woﬁ@%@?¢@%¥esﬁhFEe

reaches a poipt $Pendingnehligt3eneemoih @%ﬂ$ﬁﬁhé¢H6w9®]Ih@he
t hr ee- di nensi onal _ space in which the analytlcahéggdel I S_- constructed,

t he br|ghtnes§e$E15%nEh§PmBSFﬁFe€ IR0 418 SexPrie R BY f%ﬂ%%?lon 1]. | s
L(S)eP(t)CLdS:PansmttEgHaki @ag.1] where (t) is the attenuation factor at

positiont on the 5 I| ra L the b ht th
| i ght %y SOis the st F?Pﬁ&yﬁélﬁF)gf%Fﬁgff?%l ?é§§§a§%9p§§éiugpﬂg onine
terninatlnﬁ pﬁématobnghepblghbngayhéWMmadHﬁnﬁnanBQQndSn@iB@réhezeught
assum ng that t 1 =
(Li AS I? %§§ofugggcégq%g b%n qua Iﬁﬂéuﬁklp% é-dndbd ia F%&uf@q

e-1 quation 2] 1s
expanded, [Eg&ation 3] is obtained. IC = {CO + ClaO + CaCai + C3aCal a2 +

éb;ar FE? LEOiEN;i- ak- %hgﬁr%aQQlls a Wakdam @t 1) BkrlSplaknidg +
10 the blendlng process, in which the image Il of the
subspace Bl is generated by the server 431, the image I2
of the subspace B2 by the server 432, the image I3 of the
subspace B3 by the server 433, and the image I4 of the
subspace B4 by the server 434.

15 The images Il to I4 are transmitted to the
composer 44 where the images are blended together in
accordance with the blending equation of Figure 10 to
generate I1+I2+I3+14.

Figure 13 is a diagram (part 2) for explaining

20 the blending process, in which the images Il to I8 are
blended together to generate the image representing the
result of the simulation of the entire object of
analysis.

The composer 44 for blending the images can be

25 implemented in software, but it is advantageous to use a
so-called pipelined computer that performs parallel
computations in order to speed up processing.

Figure 14 is a diagram showing the
configuration of the pipelined composer; as shown, the

30 composer 44 comprises seven mergers 441 to 447 in order
to combine eight images.

Figure 15 is a diagram showing the detailed
configuration of one merger; as shown, each merger
comprises a priority judging section 44a, a selector 44b,

35 and a blender 44c.

That is, outputs from nodes X and Y are input
to the priority judging section 44a as well as to the




= A + AAIB AC = AAAB [Equation 3] where AA = aCal ... ak-1 AB = akak+l
aN-i 20lA=CO+ CaO+ ... + Ck-laO ... ak-1 1B = Ck + Ck+lak + ..
+ CN-lak ... aN-2 As can be seen from|[Equation 3], when two images whose

bri ghtnesses are represented by A and IS, respectively, are blended using
[Equation 3], the 25 brightness of the regylting conposited inage can be
obt ai ned. The above description has dealt with the case where the nunber
of divisions is two, but it is apparent that the sane bl endi ng nmethod can

al so be appl|gglggtgge44gase@Myﬂﬁ%ﬂgga r@ﬁmggﬁgdggtgh@ﬂschéckgrga& t han
two. 30 Figure 10 is a diagramfar explalnlng the Iendlngf?lmethggéi %§

shown, when t@®6CLHEHEE %ﬁ&§élQQﬁQﬂﬂrR%ﬁ%%?%r% ¢ AlBAge| BX HRASHA
transmttanceshar fodel? M @ Aﬁ\ag‘eesmccjéﬂ@i:altearBybtﬁadﬁddbnYace@lddance

with the bl endi equat i on .shown th | t

conposi t ed inﬁﬁaggagqupé &Z§$WW?%§1 a%%gg?f%gﬁgﬁeiégeguFlbzge 11 is a

diagLanﬁBhﬁmﬁng Lheloccwu&1@mampﬂeﬂ|whEﬁn¢BeapDngrihg oﬁag§3160hn9§pond|ng

to the eight th Fi 9.
ef,aht SRPYRLUEES Bl o 38 Based £, the- BES LreRsshauayln Fiolr e

Figure 12 is or explalnin | endi ng process, in
whi ch the i nagelettofr #Hd aﬂﬁjﬁﬂc&,’:@dd stlgleﬁﬂeﬁ!fanéﬁcbynghéhgePVéPu&?SPf t he

image 12 of the ﬁBngﬁc%oB??SR;\’ &J}ﬁ)xﬁrgrﬂ@ft 4§2 f”aﬁe' %98C%§r0ﬁ4bh%nd

subspace B3 by the server 4 | mage of the subspace B4 by t
server 434. 15h®heutpugeofl Eheo Moferk ¢ a'ﬁ%@n ‘P‘t?‘éEUFOPPHE A of the

10 selector 44b. Conversely, when the priority of IY is low
and the priority of IX is high, straight paths in the
selector 44b are selected, thus connecting the output of
the node X to the output port A of the selector 44b and

_ the output of the node Y to the output port B of the

15 selector 44b.

Then, the blender 44c blends together the two
outputs of the selector 44b in accordance with the
blending equation of Figure 10, and outputs the intensity
and transmittance of the composited image.

20 Turning back to Figure 14, when the simulation
system comprises eight servers 441 to 448, the composer
44 is constructed by arranging the seven mergers 441 to
447 in three stages.

More specifically, the first merger 441 blends

25 the images Il and I3, the second merger 442 blends the
images I2 and I4, the third merger 443 blends the images
I5 and I7, and the fourth merger 444 blends the images I6
and I8.

The fifth merger 445 blends the outputs of the

30 first merger 441 and second merger 442, and the sixth
merger 446 blends the outputs of the third merger 443 and
fourth merger 444. Finally, the seventh merger 447
blends the outputs of the sixth merger 446 and seventh
merger 447, and thus produces the output of the composer

35 44 .

The above embodiment has been described for the
composer when the number of servers is eight; on the



conposer 44 where the inmages are blended together in accordance with the
bl endi ng equation of Figure 10 to generate |11+12+13+14. Figure 13 is a

di agram (part 2) for explaining 20 the blending process, in which the
images |i to 18 are blended together to generate the inage representing
the result of the sinulation of the entire object of analysis. The
conposer 44 for blending the inmages canbé? 75 I npl enmented in software, but
it is advantageous to use a so-called pipelined conputer that perforns

paral | el conputations in order .t.o ﬁﬂﬁﬁﬁ p- pr |.0g; LOUr 6,14 2 S e
diagran1shomﬁﬁ%ﬁﬁﬁe%aggﬁfwgﬁﬁbﬁﬁg% 0 % %?p%%?ﬁ%%gcés g%gg;ggs gh%an t he
30 conposer 4#hesepsiesyerseven g gareomuddated4Fyi atacldend CENPOFETve

el gt I'mages. ELQUEG 18,1ch & Slaara of ou g9  fe-dgkal| ed contiguration of

one nerger; as s , each merger conprises a priority judging, section
44a, a selector 44b, 3Fhendwtmiterfert@cconpasers4dobfptt SPFPIMERGIES X

and Y ar i npyhe @RS R Urd Yool fed sest tRE d48pasyWapbbagatie 4hg - 13
sel ector 44b. The priority judgi ng section checks the

ccl ysion
rel ati onshi p Peffeedst K&e FRIPINE RchelBR 2 bY g?ﬂ%rﬂBﬁg UsiRg tHE MPage 1Y
generated by hBenkede the aihgesSandst &b pbctoaNbsd Bostbetsenedyor 44b.
5 For exanple, when the priority of 1Y is high nd the_prior,i.t f.AXis
| ow, cross paPﬁ&nﬁhat%@oﬁﬂﬂﬁﬁﬁeﬁrquﬁFgﬁ%n%e?%%?ga?ntﬁ8§858nﬂééﬁﬁﬁalpﬁé
out put of thetnede thet @ildiputapiapotds Bidf the sel ector 44b and the
output g e, mode, ¥ L0 IR AR OIS ALBLat En10:RERC It cor
the simulation system according to the present invention:
the uppermost part shows the operation timing for the
server, and the second and lower parts show the operation
timings for the nodes #1 to #8, respectively.

15 The server, for example, genefates a timing
pulse to synchronize the operation between the server and
each node.

When the timing pulse is detected, the server
outputs simulation conditions, image viewing position,

20 etc. as parameters to each server.

Upon receiving the parameters, each node
performs a simulation for the subspace to be analyzed,
and then visualizes the result of the simulation in the
form of a subspace image which is output.

25 The server collects the subspace images from
the respective nodes, blends the subspace images in the
composer and, after correcting for distortion, displays
the image representing the entire space.

. Figure 17 is a flowchart illustrating the

30 server processing routine executed in the server; first,
at step 170, it is determined whether an operation timing
has occurred, and if not, the routine is immediately
terminated.

If the answer at step 170 is Yes, that is, if

35 an operation timing has occurred, then at step 171
parameters such as simulation conditions and image

viewing position are supplied as parameters to each node.



and the priority of 1 X is high, straight paths in the selector 44b are

sel ected, thus connecting the output of the node X to the output port A of
the selector 44b and the output of the node Y to the output port B of the
15 sel ector 44b. Then, the bl ender 44c bl ends together the two outputs of
the selector 44b in accordance with the blending equation of Figure 10,
and outputs the intensity and transnittahBe-of the conposited i mage. 20
Turning back to Figure 14, when the simulation system conprises eight

servers 441 to 448, the conposer 44 is _constructed by arranging.the seven
nergers 441 to 447 in PR¥Ee 8ta§ésP ﬂﬂﬁezﬁiﬁﬂqqmﬁﬂﬁ e 9% st S ner ger
441 bl ends 2petbevedngesml thandohposiedis serbndt retgerl 432 wappiisgt he

i mges 12 and_14, .the third nerger 44 | ends the inmages._ 15 and 17, and

e en meagel 1ad4c b bRz TRho Torasue tre Linm Bt SRRt e Pathlo cthe s

bl ends the ouipats oh the d3@pliaystappargan A4l farelr sdcooll viee geoudide and

t he si xt.h nerge 446 b%e ds the outputs of the third nmerger 443 and
19a5e £

fourth rger TRiAa , the seventh nerger 447 blends the outputs of
the sixth nerger 446 angigevenill8 imergdrlottharmnd tiustpzobugesheheodat put
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conposer when the nunt servers is eight ¢ and,
t he nunmber of 18@fvétsipsdateemaneldamip@then s iateraferaPesdt bel abtBhfddat ed

by stacking cogpesehmp1ahBdof aWdi Gl GRS St Mol HE Servpisdidberput put
of the conmposer 44 is transmtted to 5 the server 40 and di splayed on the

di spl ay lappar hét@inated.
If the answer to step 180 is Yes, that is, if
an operation timing has occurred, then at step 181
parameters such as simulation conditions and image
viewing position are received from the server. Next, at
15 step 182, simulation is performed for the subspace, and
at step 183, the reference plane is cleared in order to
generate a subspace image.
At step 184, a subspace image generation
routine is executed as will be described in detail
20 hereinafter. Finally, at step 185, the subspace image is
transmitted to the server, upon which the routine is
terminated.
Figure 19 is a flowchart illustrating the
details of the subspace image generation routine to be
25 performed at step 184 of the node processing routine;
first, at step 184a, indices (i, j, k) indicating voxel
addresses in the subspace are each initialized to "1".
Here, i and j are addresses along axes intersecting at
right angles in the reference plane, and k is an address
30 along an axis perpendicular to the reference plane.

At step 184b, four parameters (UP-AI, UP-AJ,
UP+bSI, and UP+bSJ), each of which varies as a function
of k, are obtained. Here, UP+*AI and UP*AJ are the

amounts of increase along the i axis and j axis,
35 respectively, that is, the amounts of increase in
coordinates along the i axis and j axis between deformed



here, as the conposited imge is generated using the M5 nethod, the inage
nmust be corrected for distortion by wusing a known texture mappi ng function
before displaying it on the display apparatus 41. 10 Figure 16 is an
operation timng diagramfor the sinulation systemaccording to the
present invention: the uppernost part shows the operation timng for the
server, and the second and | ower parts shaw the operation timngs for the
nodes #1 to #8, respectively. 15 The server, for exanple, generates a
timng pulse to synchronize the operation between the server and each
node. Wen theoredisng PR-$ST ardbtlRthd] arR Sevepordupphes sehingt i5e

condi ti ons, 'EHQ 1% QWaNg RASId, Mk aigh&ﬁcedgé Sﬁrénghsbélhﬁee@%ﬁo%ﬁbwer
Upon receivin par angters, '‘each node performs a sinulation for the

subspace to ngaﬁéﬁyﬂ@dmeﬁﬂﬂﬁthen visualizes the result of the sinulation

in the formof a subspage Jumge eut Chiis Duipukl 2BlTbecseqvan eokl ects
t he subigace i mages from the respective npdes, blends tFSSSUb pace i_mages

in the TonpoSEPIERABLES: diPrc&t) &t ihFRYT I StBPLPbnONdrEfI AFSSTERES mage
representing bh@n@nher%e&paﬂiiUﬁqKBUﬁBéﬂalétasiépmmﬂaﬁt theuampanitngft he 30
server processing routi,ne execut d ad the ser L LSt a 70, it
i s determ ned® Rﬁgﬁﬁéﬁ N Berhtt i A S nd gd%%cu?rgdto EBEE%% %t t he
routine is immediately Mterstiemtlfe] fthideimhsiet aalseepf1¢0lﬁssvésasthat
5T 35 ang@Rgeal g 1D g dias, SREUTE ah0ER.be SLAR- AL BAT KBTS

such as S|nula i 0N con I'ons” a view ng position are supplied as
par anetkl s t odéagelrtiode is amgled tO p to update p.

At step 184g, parameter ijk, which indicates
) the voxel position before the deformation, and parameter
Sijk, which indicates the corresponding voxel position
after the deformation, are obtained.
15 That is
Sijk = (p, 4, T}

At step 1B4h, to calculate the pixel value C of
that specific point (p, ) on the reference plane, the
voxel value Vijk of the corresponding voxel is extracted

20 based on the parameter (i, j, k) indicating the voxel
position. The voxel value vijk is a four-dimensional
vector whose elements are red component R, green
component G, blue component B, and transparency A.

Then, the pixel value C is calculated as the

25 product of the voxel value vijk and weight function w.

C < vijk*w(p-ip, 9-]q)

Here, (ip, Jjgq) are the i-axis and j-axis
coordinates of the point on the reference plane
corresponding to the voxel (i, j, k). The pixel value is

30 also a four-dimensional vector whose elements are red
component R, green component G, blue component B, and
transparency A.

Finally, at step 184i, compositing computation
is performed using [Equation 4] to update the composite

35 pixel value Cc by compositing the composite pixel value
Cc computed in the process up to the previous step with
the pixel value C computed at step 284h.



Next, at step 172, the conposited inage is received fromthe conposer, and
at step 173, mapping is applied to correct for distortion before

di splaying the imge on the display apparatus, after which the routine 5
is termnated. Figure 18 is a flowhart illustrating the node processing
routi ne executed in each node; first, at ep 180, it is determ ned

whet her or not an operation timng is acconplished, and if not, the
routine is imediately 10 termnated. If the answer to step 180 is Yes,
that is, if an operation timng has occurred, then at step 181 paraneters
such as sinulation|[&6ndition nd jfrelge view ng position are received from
the server. Next, atclb=shep 2+ (anul ation is perforned fgEgua isubsipace,
and at step 183, tlhe|refere plane is cleared in order to generate a
subspace i mage. At {$Fep 184, sub ce image generation routine is
executed as will bedesc{ihed in detail 20 hereinafter. Finally, at step
185, the subspace image is transmtted to the server, upon which the
routine is ternin¥héde Figure 19 is a flowhart illustrating the details
of the subspace inmage geperation routine to be 25 performed at step 184 of
t he node processing routling; first, at step 184a, indices (i, j, k)

i ndi cating voxel agdred&€q in the subspace are each initialized to "1".
Here, i and j are addred®sq al ong axes intersecting at right angles in the
reference plane, and k i|&s.cgn address 30 al ong an axis perpendicular to the
reference plane. At step 184b, four paraneters (UPAI, UP-4J, UPbSI, and
UPbSJ), each of which J&lies as a function of k, are obtained. Here, UP-AI

and UPAJ are the G
5 C = B

C

At step 1847, it is determined whether all the
voxels have been processed; if the processing along the i
axis is not completed yet, i is incremented at step 184k,
and the process returns to step 184f.

10 If the processing along the j axis is not
completed yet, j is incremented in step 184m, and the
process returns to step 184d, while if the processing
along the k axis is not completed yet, k is incremented
at step 184n, and the process returns to step 184b. When

15 the processing on all the voxels has been completed, the
routine is terminated.

In the simulation system and method having the
image generating function according to the first
invention, as simulation is performed by dividing a

20 large-scale object of analysis into subspaces so that the
result can be visualized for each subspace, the result of
the simulation can be displayed at the video rate even
when the node processing capability is not particularly
high.

25 In the simulation system and method having the
image generating function according to the second
invention, since simulation computations are performed on
voxels, visualization of the simulation result can be
easily accomplished.



anounts of increase along the i axis and j axis, 35 respectively, that is,
the anbunts of increase in coordinates along the i axis and j axis between
deforned - 16 voxels. UPbSI and UPbSJ are the coordinates, along the i
axis and j axis, of a side edge of a subvolunme deforned by the M5 nethod.
At step 184c, the initial value of q in the 5 coordinates (p, q) of a
specific point on the reference plane is set as UPbSJ, and at step 184d,
the anpbunt of increase in the j directrohd8is added to q to update q. At
step 184e, the initial value of pis set as UPbSI, and at step 184f, the
amount of increase in the i 10 direction is added to p to update p. At
step 184g, parameter ijED WhiecH iMdiatdtids S Hee ) oXed B%Eh?ﬁo aHéP@réhﬁhe

deformation, andgpaganei8king jeuncMiigh ddﬂbﬁﬁﬁ‘% idaetﬁermwandl ng voxel
position after the def ormati on, are obtained r)

(p, q,
At step 184h, lPBeEEFEUPaP@aﬁﬁe%ﬁ%ﬁﬂaghﬁqu$%ﬁ?ﬁca?h%f §%85F?P%5p B¥nt (p, q)
on the referegéﬁephamag BhbSpmamehmagesadﬁuﬁgcﬁhéhmscmethsﬁondlng voxel is

extractﬁp 20 based on tgg 3%raqp%§{ thA(figg ﬁdég tﬁQQh thg ég

positio The voxel val Ijk Four nS|ona VEec 0 gpgnents
are red conpommageRgegeeemln@oﬁwmmﬁnodaadﬂqmﬁnmwpbuehheBfoandhtransparency

A uhen,  the BhyghoxBhuCcbchs P UAAL AR 1%, Ol POCKELePhibEA voxel

val ue Vljk and wel ght function w. -- VI | p-1p, (ip, jO)
are the i-axi shapdgp- agcyrsdoer dineRass igtg thie polmg %metﬁéPr@Féh@ﬁee pl ane

corresponding to the voxgl the dimdVatibif R}s@dm VahdeméShod having the

10 image generating function according to the fifth
invention, as the composer has a pipelined structure, the
processing speed for blending the subspace images can be
increased.

In the simulation system and method having the

15 image generating function according to the sixth
invention, as the merger is implemented by functional
hardware, the processing speed for blending two images
can be increased.



30 al so a four-dinensional vector whose elenents are red conponent R
green conponent G blue conponent B. and transparency A. Finally, at step
184i, conpositing conputation is perforned using [Equation 4] to update
the conposite 35 pixel value Cc by conpositing the conposite pixel val ue
Cc conputed in the process up to the pre¥fous step with the pixel value C
conputed at step 284h. - 17 - Re RRc & = A* G+ &G [Equation 4] Bc B Bc
Ac = Ac * A wheleaiRcis Gladin@l iBc Ac R 5 C=G B C At step 184j, it

| s determned whet hgy Qkhui@@?%z?ﬁs}éﬁﬁ‘f%xb@?ﬂu?&@fnﬁﬁg% Hehal18-PEecessi ng

along the i axisS is not. conp /et, I is 1ncre at step 184k, and
t he processoPéeet n_f t3rahed L8 ACOMPEA 89t he processing along the j axis is
not conpleted yet, j is incremented in step 184m and the process returns

to step 184d, while if the_pr in IQEQ .axh S,k ted
yet, k is incremented at %t%%ﬁ%%ﬁnﬁﬂfn% st' ep%lr%%cé%@é;ge‘f%(?%s %%@@"?18%.
Wen 15 t herpspeesively shmal ating thekehavies stfena tdapl ecedn a REUT2LLEY ne
i s term natgd. suhspaces, which are created by dividing a three-dimensional
space in which a mathematical model for said object of analysis

is constructed;

a plurality of subspace image generating means for
respectively generating subspace images, said subspace images
representing the results of the simulations performed in said
respective gubspaces by a corresponding one of said plurality of
subspace simulation means;

an entire image generation means for generating
an entire image by blending together said subspace images generated
by said plurality of subspace image generating means;

a plurality of subspace image transmitting
lines for transmitting said subspace images generated by said
plurality of subspace image generating means to said entire image
generation means; and

a display means for displaying said entire
image,

wherein said entire image generation means
receives said subspace images transmitted via said subspace image
transmitting lines in parallel and generates said entire image
from said subspace images; and



In the sinmulation systemand nethod having the inmage generating function
according to the first invention, as simulation is perfornmed by dividing a
20 | arge-scal e object of analysis into subspaces so that the result can be
vi sual i zed for each subspace, the result of the sinulation can be

di spl ayed at the video rate even when tR® node processing capability is
not particularly high. 25 In the sinulation systemand nethod havi ng the

i mage generating function according to the second invention, since

simul ati on conputations are perforned on voxels, visualization of the
simulation result can be ega&agrkynasaddpéhshes. imadd gdnertaltdngi mehaki on

system and rI{le*h%% haV| ggeghgal Ilggma rﬁﬁalgge% ];:t_lé@l(\e%fl gagg%giag to the

third i nvention genera i ‘on can gener ati ng
subspace i na@walgutwgoihéuhspﬁ@@ ht#egs germn?etlglgwme@ﬂs@nbéwieﬁﬂand net hod

having the {/RGE cdeReHatbReiHAYACHH OdcastrtidGvilth Bheihawyt Bpat@venti on,
occl usion rel ati sth; caE bg determ ned through recursive processing by
using the Béﬁﬁﬁgﬁhaﬁ} En™thB°Si mul ati on system and method having the 10

i mage generating function according to the fifth invention, as the

composer has 2 PLpel LSt UGS e e PLOSERS) 19 SRRt pdladLgg, he
havi ng t he o£5sziah®g®kgmmeasmglanmnumarm@@rldﬁurlgtﬁg vqweelsmetlmea PEni on,

as the mer g%‘iuﬁ:ﬁl hB?'cﬁ”@Bk@ﬂs %ﬁdllﬁﬁi-é Matlea%pmwohhgea RbeeespbAdingeed

for blendin s .can be increased
%ne of sagg subspaces.

3. A simulation system, as claimed in claim 2, wherein
each of said subspace image generating means generates said
subspace image by blending teogether, in accordance with a
multiple shared composition method, said voxel values
gimulated by a corresponding one of said subspace simulation
means.

4. A simulation system, as claimed in claim 1, wherein
said subspace images respectively include data indicating
said priorities for every frame.

5. A simulation system, as claimed in claim 1, wherein
said priorities are expressed in a form of a binary space-
partitioning tree.

6. A simulation system, as claimed in claim 1, wherein
said entire image generating means comprises a plurality of
composite image generating means arranged in a hierarchical
manner, each of said plurality of composite image generating
means generating a composite image by blending together two
subspace images according to a priority based on an occlusion
relationship between said two subspace images.



What is clainmed is: 1. A sinulation systemfor sinulating the behavior of
an object of analysis, conprising: a plurality of subspace sinulation
means for respectively sinulating the behaviors of said obj ect in a
plurality of subspaces, which are created by dividing a three-dinmensional
space in which a mathematical nodel for 3&id object of analysis is
constructed; a plurality of subspace i nage generating neans for
respectively generating subspace i mages, said subspace i mages representing
the results of the sinulations perforned in said respective subspaces by a

corresponding ong of gaigiphid@ddd byditenS URSPATE REAUAIH1A MTEANGhe AR n
entire i mge geneéatlp neans .for |, eneratlng an entire image by bl ending
t oget her safF@RuB Fﬁﬁﬁéh?ﬁﬂﬁﬂ?iﬁﬁu% Ed9°ByT 85189 pITRT | TP S pace
i mge generating neans; a plurality of subspace inage transmtting |ines
for transmtting said subs -'gﬁg@ wgﬁgﬁ{ i -urality of
subspace i mage generating ﬁggﬁébto 31 rn§¢ﬁ§%4%é5§&lggﬁ§bg?ién nmeans; and
a di spl ay nPaARSTiBY BRRYPeR i TRt &WP SHEOEPEce| AlgESSiherein said entire
i mage generation neans receives said subspace inmages transmtted via said
subspace image transm t1ing lines,i pacaLl el and; GeNalal e, aald i re
.image from said subspace I'mages; an Wherei n sai tire 1mage
gener ati ng behnseblerrldnpygeineges #ingl Swospakeut nagaesgeased i@t apbyesal
plurality obrsuRePREEgihBSe BRI 930 dTRRASriBgS§0d8Ing Phidtid ! 188
determned in accordance with a binary space partitioning nethod. 2. A
sinmulation system as clained in claim1, wherein each

an image blending means for blending together said

output images output from said switching means to generate a
composite image in accordance with a blending equation and
outputting said composite image.

8. A simulation system, as claimed in claim 7, wherein
said image blending means blends first and second subspace images
to generate said composite image in accordance with the following
equation.

Ic AA* IB + IA

Ac = Pp*Ap

where I, is a brightness of said first subspace
image, A, is a transparency of said first subspace image, Iy is
a brightness of said second subspace image, Az is a transparency
of said second subspace image, I. is a brightness of said third
gsubgpace image and Ar is a transparency of said third subspace
image.



of said subspace sinulation neans cal cul ates voxel values for a plurality
of voxels which are created by dividing a corresponding one of said
subspaces. 3. A simulation system as clainmed in claim?2, wherein each of
sai d subspace i mage generating nmeans generates said subspace imge by

bl endi ng together, in accordance with a 2fultiple shared conposition

nmet hod, said voxel values sinmulated by a corresponding one of said
subspace simulation neans. 4. A sinulation system as clainmed in claim1l,
wherein said subspace inages respectively include data indicating said
priorities for egery fArameulsdtidn signhcat icdnsiyslatinastie demagior ofaam 1,

wherein sajf-prLorgti e ”ﬁﬁ§ in a formof a binary space-
partitioninSngéE.ég.éiggﬁ%ﬁThﬁﬁ% s%gP§21 as claimed in claim1, wherein
said entire image generating nmeans conprises a plurality of conposite

| mge generating means arr angedy Loy Mher AEHLAL o MR RERI 521 d
plurality of conposite inage~generattn means gener ating ,con805|te i mage
by bl endi ngréespeehbreliei  theaBebaréese dphig spdda RIesh th Based on
an orcl usi Oplufﬁiﬂtjr%E:E@éi?d&%@nrvhfibﬁ6hﬁ§m§ﬂééﬁé&%% rm?.eiaii_r%la 7. A

simul ation system. as cl ai i_n,_cl.ai erei.n _eac sai onposi te
imge gener BT iRl nsCe"5 R Bhrop VARG Al : ERRGR IS
priority bechgeat saf canakyssishsisaconstageteda swiperhielheans for switching
connections between two input inmages and two output inmages based on a

bl endi ng. means for bl endi M PLIARE hEY CSar b RARG PP A8EE T PE AN Cal d

swi t chi ng neeapetbigehergaremt tgrposi tatpobgéngn sbepadandmageshia

bl ending eqyathPPefNdsaid subspace images representing the results of the
simulations performed in said respective subspaces in
corresponding one of said plurality of subspace simulating steps;

an entire image generating step for receiving said
subspace images in parallel and generating an entire image by
blending together said subspace images generated in said
plurality of subspace image generating steps,

wherein said entire image generating step blends
together said subspace images generated in said plurality of
subspace image generating steps, based on priorities determined
in accordance with a binary space partitioning method; and

a displaying step for displaying said entire
image generated in said entire image generating step.

10. A simulation method, as claimed in claim 9,
wherein each of said subspace simulating steps calculates
voxel values for a plurality of voxels created by dividing a
corresponding one of said subspaces.



outputting said conposite inmage. 8. A sinulation system as clainmed in
claim7, wherein said inmge blending neans bl ends first and second
subspace inmages to generate said conposite inage in accordance with the
following equation. Ic = AA*xIB + IA Ac = AA*AB where A is a brightness
of said first subspace inage, AA is a tRansparency of said first subspace
image, IBis a brightness of said second subspace inage, ABis a
transparency of said second subspace image, Ic is a brightness of said
third subspace inage and Ac is a transparency of said third subspace

i mge. 22 9. A 3iinul at sanuietbod oétlsodul @ iqlqinesl hehatadm 0, an obj ect

of anal ysis I S1ng: / 1&%* a | i eps for
respectivel th?gn%){lﬁ%%g,?%e%lg%?w 0 sgfgf ighg?% g%jnée%:fgwfr?lé aglge urality of
subspaces, WRNEFREFR [P EhtBVPIMPEH WREFgPY PLAEPELN| HedRtRfTal Khace in

whi ch a mat hegatdante ekt 4 afulsdipde ebaeetl obmpoal ysidrs metlvahstyaiet ed, in
parall el ; a,BlLuf 3l LiYc 0o SHASRAGE {TR0CHEREEBhAIE, S4E0%E Waid ESPECL i Vel y
generating and outpu ?lng subspace | mages I’n para?le , sai d subspace

i mages repr E4EAPARY SHeukakking StEPs-he sinul ations performed in said
respective subspaces in corresponding one of said plurality of subspace

simul ating steps;.an entire.inage erating.step for receivjng .said
subspace i mages ifi-pa aFF@Pl%Bﬁ&béﬁeg&hqcfﬁgs aéﬁ%‘jr &% @t by qﬁ*ﬁ%ﬁ%‘ﬁhg
t oget her sakdidubsispace magpee s emspacéd venys ahdluge vdat a tindsfeaduilngpace

i mge gener abi 951 &Py i I b reBkkr e | mage generating step bl ends
t oget her said su%space i mages generated in said plurality of subspace

i mge generating steps, based on priorities determ ned

13. A simulation method, as claimed in claim 9,
wherein said priorities are expressed in a form of a binary
space-partitioning tree.

14. A simulation method, as claimed in claim 9,
wherein said entire image generating step comprises a
plurality of composite image generating steps performed in a
hierarchical manner, each of said plurality of composite
image generating steps generating a composite image by
blending together two subspace images according to a priority
based on an occlusion relationship between said two subspace

images.

15. A simulation method, as claimed in claim 14,
wherein each of said composite image generating step
comprises:

a priority judging step for judging a priority
between said two subspace images;

a sgwitching step for switching connections
between two input images and two output images based on a result
of the judgement made in said priority judging step; and



in accordance with a binary space partitioning nethod; and a displaying
step for displaying said entire inage generated in said entire imge
generating step. 10. A sinulation nethod, as clained in claim9, wherein
each of said subspace sinulating steps cal culates voxel values for a
plurality of voxels created by dividing &4 correspondi ng one of said
subspaces. 23 11. A simulation nethod, as clained in claim 10, wherein
each of said subspace i nage generating steps generates said subspace inage
by bl ending together, in accordance with a nultiple shared conposition

met hod, said voxel val ues @i imhgé &dendiagcrere §poidiend ioge afetdwmsaid

subspace si %{L%LL@Q , ou?:gutAf%eﬁU!s&iaOéw%m% Feaslticdedehbrstai n 9,

wherein said spac€ 1 mages respectively. inclyde data indiCatin sai d
priorities fORRESE RS 1113?Cﬁg§§ﬂﬂ?%t‘f’ ?Prﬁeti%(?d‘,dalé’& Wﬁéani %n‘él aim9,
wher ei n sai doyrpuntiitiges acepesptesswdgeén a form of a binary
space-partitioning tree. 14. A sinulation nethod, as clainmed in claim9,
wherein said entire imge generatinq%step conpri,ses a E#urality of
conposi te i mage ¢énerat PRI g G @S ﬁlélﬁﬁéréPc RYP +Rnner, each
of said pl uwhkkéynofatdimsid dldntdage geeaer blendssf epst gankradomgl a
composi te | gageoRe Rhendi g, (gelhier. Lug,sUBRRBES. L MRgES, aggording to a
priority based on an occl usi rel-ati onship Ween sald two subspace

i mages. 15. apceraanee i witdiltEoldowing gayathont ai m 14, wherein each of
said conposite inmage generating step conprises: a priority judging step

for judging a priority be&gggghg%gq+tﬂp subspace i nmages;

Ae = Ap*Ap

where I, is a brightness of said first
subspace image, A, is a transparency of said first subspace image,
I is a brightness of said second subspace image, Az is a
transparency of said second subspace image, I. is a brightness
of said third subspace image and A, is a transparency of said third

subspace image.

17. An image generation apparatus comprising:

a plurality of subspace image generating means
for respectively generating subspace images;

an entire image generation means for
generating an entire image by blending together said subspace
images generated by said plurality of subspace image generating
means;

a plurality of subspace image transmitting
lines for transmitting said subspace images generated by said
plurality of subspace image generating means to said entire image
generation means; and



a switching step for switching connections between two input imges and
two output imges based on a result of the judgenent made in said priority
judging step; and 24 an i mge bl ending step for blending together said

out put i mages output fromsaid switching neans to generate a conposite

i mage in accordance with a bl endi ng equatfon and outputting a conposite
image. 16. A simulation nethod, as clained in claim15, wherein said imge
bl endi ng step blends first and second subspace inages to generate sai d
conposite image in accordance with the follow ng equation. Ic AA*IB + | A

Ac = AA*AB where | A is a brd ghtpesy rebhnsafsh &hggrayﬁa@%aaaeedﬁm@m&g%' s a
transparency of said first iybs pace |, br| ht ness of sa

second subspace image, AB [ egelPraﬁéﬁagaﬁtyeo& oLuBSAEEe |nage,
lc is a brightatess sefidsanlbpdre dmsgbs rta@elsrmgedamb Aeaidssubdpears paagaCcy

of said thiEQan§M 11?&&?1n1£aré@1éﬂagﬁﬂQﬁ%ﬁ%ﬁﬁﬂé@"S%HE@E?E??e image

conpri si ng: lurality of subspace inmge generating means
respectlvel§ra ngfHt i ?ﬁ% qeﬁagé an entire image generation neans

for generating an entire mm&gEubysbhdndnngréogmagmwgenénhtiu@ﬁpme@nsinages
gener at ed b%é éﬁ%spaC%Erﬁ{éxt Yelld %‘d&%@tﬁgﬁ ﬂﬁgnegﬁﬁé&“&?ﬁa ’Eﬁfil% e

plurality o I mage transm or tra ng said
subspace inages generated by said pIuraI|ty of subspace i mage generating

nmeans to said entigre AMMagagedfaeERdt idh BBRASatasd atbclaiflbaPiRy188ANSy f or
~di spl aying Sﬁegefﬂtéafhléggﬁﬁace images are images of subspaces which are

created by dividing a three-dimensional space,

each of said subspace image generating means
generates said subspace image by blending together, in accordance
with a multiple shared composition method, voxel values for a
plurality of voxels which are created by dividing a corresponding
one of said subspaces.

19. An image generation apparatus, as claimed in
claim 17, wherein said subspace images respectively include
data indicating said priorities for every frame.

20. An image generation apparatusg, as claimed in
claim 17, wherein said priorities are expressed in a form of
a binary space-partitioning tree.

21. An image generation apparatus, as claimed in
¢laim 17, wherein said priorities are based on occlusion
relationships between said subspace images with respect to a
view point.



wherein said entire image generati on neans receives said subspace i nmages
transmtted via said subspace image transmtting lines in parallel and
generates said entire inage from said subspace inages; and wherein said
entire i mge generating neans bl ends together said subspace inmages based
on priorities. 18. An image generation apfaratus, as clainmed in claim 17,
wherei n said subspace i mages are i mages of subspaces which are created by
dividing a three- dinensional space, each of said subspace image generating

means generates ubsp ge {% %{ gog&t Qg?lméa agcordance
|on

with a nultiple s are conp va ues Tor a plurality of
voxel s mhlcﬁﬂéﬁé‘@ﬂeaW@Grﬁynd$%%@|PEF%FH%W#%§§6h@@ﬁ&rm6ﬁ8d090§%F%ln9 to

subspaces. 1 bifNary"Bpaceanpantioiomipgpmtd.as claimed in claim17,
wherein sai d subspace i mages respectively include data indicating said
priorities for every frame.. 20. An inmge generation apparatus, as clainmed
in claim17, whé3ei nAgaiitagei oenetaticn eappenadssod aiencaafived oh aIaYbinary

space- parti tdRNigig h heRis 7% té\nziz B QeNerAti0 _RnRARES i‘ﬁ\é@e ?én&f@t‘.
claim17, wherein said prioritjes %E%é%fed on qccl ysi on atlpnshlps

bet ween sai SRS FLEBTEABTe] Rt FHELS L ex?wf“ﬁ@?n@en%at% An
i mage gener aidaoiz appangbdsinas kleramchioalc rainme], eahhrefnssﬂﬁd priorities

are det er m qlx%cli‘égdbﬁgcéa{ﬂpoéﬂ_ C(%; kit @e%%‘}a%%}?' Al gl %m‘;f'n%%gi An

i mage generdtion apparatus, - as
wher ei n sai FEROsise) Apggeghyiepbending mh@@nﬁw@s éybapacﬁr HRgSS of
conposi te i nRERYASRGT 8bi A0priBADSY abétnaed daid thiceeabspheal im@geaer , each

of said plurality of conposite image generating neans generating a
24. An image generation apparatus, as claimed in
claim 23, wherein each of said composite image generating
means comprises:

a priority judging means for judging a
priority between said two subspace images;

a switching means for switching connections
between two input images and two output images based on a result
cf the judgement made by said priority judging means; and

an image blending means for blending together said
output images output from said switching means to generate a
composite image in accordance with a blending equation and
outputting said composite image.

25. An image generation apparatus, as claimed in
claim 24, wherein said image blending means blends first and
second subspace images to generate said composite image in
accordance with the following equation.

= AA*IB + IA



conposite i mage by bl endi ng together two subspace inmages according to a
priority between said two subspace inmages. 24. An inmage generation
apparatus, as clainmed in claim23, wherein each of said conposite inmage
generating neans conprises: a priority judging neans for judging a
priority between said two subspace i mages27a switching neans for switching
connections between two input inages and two output inmges based on a
result of the judgenent made by said priority judging neans; and an inage
bl endi ng neans for blending together said output inages output fromsaid
switching nmeans to generate a CRAROH#Bgi Mage in accordance wth a

bl endi ng equation and outputting said conposite imge. 25. An inage

generation apparatus, as ChLRiehRA,iiB a5+ RiHAGs WOELRHA FI2kE JuMRgea chligRdieng
means bl ends fjrst and second gubsa|,e I mages to generate said conposite
mmge i adbcHArIETHORR SORY ToFRoR T SoEPPRRCe fEAGe Ade 5 3 HABYNERS =
AA*AB wher e dfAsaddhseqiridiesibsphcealmade r 8 iubspasesparsgecy ofifsasd asecond
transparency, g Sal.d ; % t iE%&%%ﬂi@%‘ﬁesEB ESSQ‘B%QH%% cesahflge
second subspace "1 mage, i S"a transparency of s&rd secon _subspace 1 mage,
|. is a brighHtthdssisfaserangparenatisfphaedd fhdad guBspace siage anspar ency
of said third subspace inmage. 26. An inmage generation nethod conprising: a

plurality of sub ce i nage generating steps for respectively generating
P out put 11 ng- s pdts s SeF kR Rk aPP e tian Ram T e fiige. guner ati ng Step
for receiving said subspace images in parallel and generating an entire

i mmge by bl endi ng together W f A LRBges gererat.ed i sald £
plurality of subspace inaé%ﬁf%ﬂ%rg%fﬁgggFggg, Sl ég fﬁfﬁ eps for
respectivelygeneratingandoutputting subspace images inparallel;

an entire image generating step for receiving
said subspace images in parallel and generating an entire image
byblending together said subspace imagesgenerated insaidplurality
of subspace image generating steps,

wherein said entire image generating step blends
together said subspace images based on priorities; and

a displaying step for displaying said entire
image generated in said entire image generating step.

27. An image generation method, as claimed in claim 26,
wherein said subspace images are images of subspaces which
are created by dividing a three-dimensional space,

each of said subspace image generating steps
generates said subspace image by blending together, in accordance
with a multiple shared composition method, voxel values for a
plurality of voxels which are created by dividing a corresponding
one of said subspaces.



wherein said entire image generating step blends together said subspace

i mages based on priorities; and a displaying step for displaying said
entire image generated in said entire inage generating step. 27. An inmage
generation nmethod, as clainmed in claim?26, wherein said subspace inages
are images of subspaces which are created@®by dividing a three-di nensional
space, each of said subspace image generating steps generates said
subspace i nage by bl ending together, in accordance wth a nmultiple shared

conposition nethod, voxel, values for a al.ity of voxels |ch
created by divi di %Hﬁﬁgﬁoﬂﬁ?‘ﬁﬁa‘:b‘ﬂé?‘\#h&% dX gs \%@alﬂ‘a

i mge gener a&hminﬁtstmd, sabsphaenttages cteaspmﬁﬁweﬂdyenexcrluslm dasabspace
i mages respegid el daglyde gggglt%gglfégl dud.orities for every

frame. 29. An 1 mage generatfon nethod, as alne In claim26, wherein
said priorities are expressed in a formof a binary space-partitioning
tree. 30. An images gengf ahiaee Gehbedrisf atehs®d as clainmddGn cdaemera, said

priorities are based o I r t etwgen. s d aS e
i mges with r}é%reelc sta(%Qi %%ﬁ \;gvﬂg?gs SJ:% : i%é.g%%%el%genergﬂ %E me Eﬁ%ﬁ?

cl ai ned |r1cﬁRﬁQﬁfH§rthNh@ﬂénﬁ §§?G priorities are expressed in a forn1of a
binary space-partitioning tree. 32. An inmage generation nethod, as clained

in any one of clainms 26 to 31, wher n sai tire ijmage ener tlng tep
conprises a plura ?‘#typ&? W5 FEPETR 88 @%ﬂl%?cgt iy S ?ﬁ@dzg
paral | el andwhereirhisedsr priicalitieanare kagdd ofn eaildgiionr a‘leaaylofISth@om te

| mage gener aldng. i %%%cﬂ%%%‘isﬁ%b@ SQ%QQWPQU é;j&&et'@/ abhaeg BSBﬁeget her

two subspace Tneges accor riority between said two Subspace
i mges. 33. An inage generating nethod, as clained in claim32,
31. An image generation method, as claimed in claim 30,

wherein said priorities are expressed in a form of a binary

space-partitioning tree.

32. BAn image generation method, as claimed in any one
of claims 26 to 31, wherein said entire image generating step
comprises a plurality of composite image generating steps
performed in parallel and in a hierarchical manner, each of
said plurality of compogsite image generating steps generating
a composite image by blending together two subspace images
according to a priority between said two subspace images.

33. An image generating method, as claimed in claim 32,
wherein each of said composite image generating step

comprises:

a priority judging step for judging a priority
between said two subspace images;

a switching step for switching connections



wherein each of said conposite inmage generating step conprises: a priority
judging step for judging a priority between said two subspace inages; a
switching step for switching connections 29 between two input imges and
two output inmages based on a result of the judgenment nade in said priority
judging step; and an image bl ending step??or bl ending together said output
i mges output fromsaid switching neans to generate a conposite inmage in
accor dance dettiweanbtendinpyite jimage s arah two oottt iimgges deagsask ohea in £t 34,
An | mage geQﬁf%hboguH§Eﬂeﬂtaﬁa§éaiﬂ“%hid’ﬁ%ﬁ&ﬁ?t%?jud@ﬁﬁéeéﬂeﬁﬁlde”ﬁg?

bl endi ng step blends first and second subspace inages to generate said
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34. BAn image generation method as claimed in claim 33,
wherein said image blending step blends first and second
subspace images to generate said composite image in accordance
with the following equation.

Ic AA*IB + IA

Ac
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where I, is a brightness of said first
subspace image, Ap is a transparency of said first subspace
image, Ip is a brightness of said second subspace image, Ap is
a transparency of said second subspace image, I. is a brightness
of said third subspace image and Ac is a transparency of said
third subspace image.



