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OOMWWWS | MAGE PROCESSI NG METHOD,

| NFOR DI NG NMEDI UM AND PROGRAM 5 Techni cal

Fi el d [O00@igissThe present invention relates to an inmage

processor and an i nage processing method which are

suitable for drawi ng an object placed in a virtual

rcoct {ONMGIUIR °c? 5o ygons o be orboessed. a 10

program f orgg@al i zi ng these on a conputer, and a

conmput er -readabl e i nformati on recordi ng nedi um storing

t he pIMAGEPRBABSHORIAMAGE PRINCEY SISEhMETHODaINFORMATION
t hr ee- di nensi onal graphics techni ques have been used

in processes i nREGORDEYG MEDHGN) AND PROGIRAYS and

ganme devices of various types. 15 According to such

X hr ee- di mensi onal graphics techni ques, the object to

be drawn is placed in a virtual three-dinensiona

space. The surfaces of theTetljned Fallé expressed by a

pol yhedron. The corner surface of the polyhedron is a
pi0PGdN ( ok pusent.invEndon kdlites @t anrienaiga gracassetlafbiroimage processing
di scl oses such a three-di nensi onal graphics techni que.
Patethod whitle amtsuitabld for Hapeing ae oBfceplacddan a34804 8re2@imensional
[0003] Generally, in a case where a state of objects
pbpecednd matihep phipaggdisryrsdwaied the hpaber aSpaipeims ad baigrodessed, a
given sight line direction froma viewpoint set in the

10 brogeand iforeraali zongathe pacecdmspulérs phdy esimpyter-readable information

t hr ee- di nensi onal graphics, the follow ng processes
aresopkeng medmch stdtiveg the progréve. angl e fornmed by the

outward normal |ine of each object and a sight |ine
vector representing the di Badigr@mdofrtt he sight line is
conpared 25 anong the respective objects. Then, the
pB10Pgbns, Cahvsionallyl, thresd@fendimgalegspliics k8thiques have been used in

VI
11

processes in the field of computer graphics and game devices of various types.

15 According to such three-dimensional graphics techniques, the object to be drawn is placed
in a virtual three-dimensional space. The surfaces of the object are expressed by a
polyhedron. The corner surface of the polyhedron is a polygon (polygon). The
literature indicated below discloses such a three-dimensional graphics technique.

Patent Literature 1: Japanese Patent No. 3490983

20 [0003] Generally, in a case where a state of objects placed in the three-dimensional
space as seen along a given sight line direction from a viewpoint set in the
three-dimensional space is displayed by three-dimensional graphics, the following
processes are performed. That is, the angle formed by the outward normal line of each
object and a sight line vector representing the direction of the sight line is compared

25 among the respective objects. Then, the polygons, whose angle is 90.degrees to 180
degrees, are sorted in the order of those farther from the viewpoint. Further, the

polygons are subjected to projection transformation (where it is general to use perspective



degrees, are sorted in the order of those farther from
the viewpoint. Further, the polygons are subjected to
projection transformation (where it is general to use
perspective 2 transformation in which observation is
made fromthe viewoint in the sight line direction)
on an inmage buffer in the order of farther ones, and
the textures assigned to the polygons are pasted on
t tiansfargiatos imivhich obberyataomes pradp o the vigvepasdtan thetsight line
Such a process is called Z buffer nmethod. 5
Dilisstios)usrearoimage\bafifer orthe Brdebb£farther dies Sokd\tketeRiurésmsigned to the
I nvention [0004] However, since three-dinmensiona
grdpgums srgpacessathe ragerisreheed thiepatesprofzalienstratsformsed. t I8ach a
demand for reducing the nunber of polygons to be
prrocess sechlled Zabufeasethadanner (in an approxi mat e manner
dependi ng on the purpose) to shorten the tine 10

Snecessary for the procefisdosuse sftihosigionThe present
i nvention was made to solve such a problem as
descri bed above, ®rfsblan tob¢ Belvedby tHednpergivant
invention is to provide an i mage processor and an
| [0804] prHowsedrngnerethbreddimlensibna peaphivs paddessel edquire enormous
draw ng an object placed in a virtua
t dul adatihineeths danand i aakicagdhenaabetpf@blygohy@beprbiessed in an easy
reduci ng the nunmber of polygons to 15 be processed, a
pihegrea (infanrappeaimate mganhbedeading of Geplirpsse) fhodten the time
conput er-readable information recording nmedi um

10stesessagy fohtheprogissamis Meaigs for Sol vi ng the Probl em
[ 0005] To achi eve the above object, the follow ng
i nvent i onThd presdne idieatidrosasimade twasothtegich @ pkdbdem as described above,
principle of the present invention. 20 An inage
pandGashidct af the ipkésefit inOeriohiis &t pragide ah ihgd frec3s@RAtan image
invention conprises a storage unit, a determi nation
wrTbéessiap thedhqewhichtarasuitabletfor dvaivirty ar @bject phibed)in £dirasl
follows. [0006] First, the storage unit stores each of
ahpetdimkndignad Spgpelapd ansle nmloif pglygpns surefiades thaf nuatber of polygons to
obj ect placed in a virtual three-dinmensional space, in

15 dwgmoceatadon prgramenyrealizing these on a computer, and a computer-readable

information recording medium storing the program.

Means for Solving the Problem
[0005] To achieve the above object, the following invention will be disclosed
according to the principle of the present invention.

20 An image processor according to a first aspect of the present invention
comprises a storage unit, a determination unit, and a generation unit, which are
configured as follows.

[0006] First, the storage unit stores each of a plurality of polygons making up
surfaces of an object placed in a virtual three-dimensional space, in association with any

25 of surfaces of an approximate polyhedron which approximates a shape of the object.

For example, in a case where an object of a construction such as a building or

a tower is disposed in a virtual three-dimensional space, surfaces such as concrete



25 of surfaces of an approxi mate pol yhedron which
approxi mates a shape of the object. For exanple, in a
case where an object of a construction such as a
building or a tower is disposesl in a virtual
t hr ee- di nensi onal space, surfaces such as concrete = 3
surfaces, w ndow surfaces, reinforcing bar surfaces,
etc. on the superficial surface of the construction
aswfasgp vasded suilficks rdinfordieg banswfaped, ggroos tHepopyrdioias jurface of the
[0007] For exanple, a rectangul ar parallelepiped or a
qorgtractgnl axe exyressad svhilamiided inthopdlpgbra$papg@ppr oxi mat e
pol yhedron of such a construction. This is because a
r 0§A] 5 Ebrapemple, a rbctanghlargarailelzbiped oaa peadramgliraiyramid can be
paral | el epi ped and a rough shape of a tower is often
aadppeadr sraguapproxpyata o yhedioe of sedhchcopsirygmn. ( Thisyigbedause a rough
is stored in association with any of the surfaces of
5t shape et & bnigdihgis qftonad deelangil preghraltel dpigedoind drrangiublampe of a tower is
pyram d. [0008] Meanwhile, the determ nation unit
defter aijweelsangnkr pgramad. not each of the 10 surfaces of
the stored approxi mate pol yhedron can be seen, in a
case wher €h¢each pdlygdn (pblyger)-id stoerisinansicisipacHth any of the surfaces
observed along a predeterm ned sight line direction
f ofcthe sectamgekie pamalielapiged bethp guadrangithatpyiramidaccor di ng t o
the present invention, not the conparison is nade by
clI068] at i NMyaswhidm gheeddtenmipatidnamiveiererinivess svhedtrr dr netreaeh of the
vector of each polygon and a 15 sight line direction
10veufages ofithe stoivd appnpamasolyhsdivadean by sexml o1d etsk Mhesnthe virtual
angl e fornmed between the outward normal vector of each
sthrdeatimenfiondl spapps obdenatdel oy a/predetamiaedtisightimesdigbtion from a
line direction vector. Since the approximte
poegdtentrioed vieppement s a rough shape of the object as
descri bed above, when the nunber of pol ygons maki ng up
t he out er Thathspecarfling e thetyjresent iamehttonenetithbesmpdrison is made by
surfaces of the approximate pol yhedron are 20
ceahpdating antanglefformed bétweeretheoatward ngrmhalvettar gbeachipatygon and a
the latter. [0009] Further, the generation unit
15 paghir e alreation vestyer, bitshotseparisdn & roady byhelculating an angle formed
predeterm ned sight line direction fromthe
praseetrethpiontydhrd nempaliviettor of eaob syrdanesof thenappgoxitriaes polyhedron and
plurality of polygons stored in association, that are
atbs sighblirgldivdctinn yeetbrc efinaf the hpproximate polyhedron represents a rough

shape of the object as described above, when the number of polygons making up the outer
shape of the object and the number of surfaces of the approximate polyhedron are

20 compared, the former is generally by far larger than the latter.
[0009] Further, the generation unit generates an image, as observed along the
predetermined sight line direction from the predetermined viewpoint, of polygons, among
the plurality of polygons stored in association, that are associated with surfaces of the
approximate polyhedron that are determined at a determining step as can beén seen.

25 That is, only such polygons that are associated with surfaces, among the
surfaces of the approximate polyhedron, that can be seen when observed along a current

sight line direction from a current viewpoint, are subjected to three-dimensional graphics



approxi mat e pol yhedron that are determned at a

determ ning step as can been seen. 25 That is, only

such pol ygons that are associated with surfaces, anong

the surfaces of the approxi matg pol yhedron, that can

be seen when observed along a current sight |ine

direction froma current viewpoint, are subjected to

t hr ee- di nensi onal graphics 4 processes, and various
ppocessss snd vdarique py@estses &xgotygehedssotinted suth mefases, amongthe

the surfaces of the approximte pol yhedron, that

caunfaots dfehs eygprosiateopolyliceigon, (140 tinofbe sdetliafgorhiitetine

present invention, it is possible to draw an object

pl0Ateld i nAacordingteitie préveaeindedtivng itanpdssibpatoairandn BBjdet placed in a
up of polygons by reducing the nunber of 5 polygons to
beirtpalthessitiensidich] sproe bad niade up af polyadisdty redwding the number of
required for drawi ng. [0011] In inage processor of the
Sppeggots to by priicessad, addGhordn thBealplldtien tiing réfuired fyrgdrawing.

may be stored in association with such a surface of

t [081appr obi image pprkisbedf B prdsbiatinvdasion fgach uf @ plurality of polygons
normal line with which an outward normal |ine of that

pmhy o stofedrinassaciasion Withsduclan gliface I tHhipproximearrtiodyhetifon, that has
for defining the associational relationship between

eactutwand foanel lbde whie whigy avdurahe foehyhiét shtha pdlygas forms a

pol yhedron on the surface of the object, in the
admalksimgty | bed i nvention. [0012] Most sinply, it is
possi bl e to associ ate each pol yhedron on the surface

10of the oDhiedivewiidbhisafosdefingethefasddaatiapfiredsiioihi between each
pol yhedron that is the closest to that polyhedron. 15 :
Estefacevof the apprioxasae pblaghédron ahd edch polfhedrapamsth®db@fdco of the object,
obtain an image with a sufficient quality, depending

oin thdrabbajescrived ilventibj.ect or the field of application

of three-dinmensional graphics. [0013] Meanwhil e,

aldod2]di ngMivst dimplyp ités possiblatoesstaciate eahgoiytatiionron the surface of the
made, in advance, to such a surface, anong the

sehjé¢aceth adurfabe o bthp appriowahae polyyédrdn diat istheskeses? @ that polyhedron.
outward normal vector forns the snmallest angle with

15t Beenowitiwarct associmilonyie i aftenqfossibleab ybailr amimapbivdth a sufficient quality,
I nvention adopts approximation of sonme kind for

dédpending bn thevdhepef the abjeol orgba fieldroflagplseaeion of thaed-dintentional
perfornms this determ nation as accurately as possible
bgraphics.

[0013] Meanwhile, according to the present invention, association is made, in
advance, to such a surface, among the surfaces of the approximate polyhedron, whose
20 outward normal vector forms the smallest angle with the outward normal vector of a
polyhedron. This invention adopts approximation of some kind for determining whether
a polygon can be seen or not, but performs this determination as accurately as possible by
utilizing the associational relationship of this invention.

According to this invention, there is provided a guideline for determining the
25 association between the polygons and the surfaces of the approximate polyhedron, and
once such association is made, rapid processes become available because labor required

for three-dimensional graphics processes is the same as in the above-described invention.



utilizing the associational relationship of this
i nvention. According to this invention, there is
provi ded a guideline for determning the 25
associ ati on between the polygons and the surfaces of
t he approxi mate pol yhedron, and once such associ ation
is made, rapid processes becone avail abl e because
| abor required for three-dinensional graphics
pi0o¢ ¢k s esIn the irhagesgreesasr dcordhg talipsrestas tvietéxsh, the approximate
invention. 5 [0014] In the image processor according
t polylheelrqar map bt aipolsygohalao]unhehzhpiounsaites thzadbjdeedidone of its
may be a pol ygonal col um which circunscribes the
ohirfaces rmaylcansactafgroursl inshe Viaelsthreeydinendiaed spacgy the phhirality of
in the virtual three-dinensional space, the plurality
opolygmisyngryrtse stargd reassbaintieh with asfaes athep thawithidsurface contacting the
surfaces other than the surface contacting the 5

Sgground] anadiiet ddendedthrinitahapdeteriihe Whythdedeiorititesurfaces can be seen,
whet her or not the surfaces can be seen, except the
sexctptathe srfiicacbnagririgthe gramdd. [ 0015] As in the
above-descri bed exanple, in a case where a
c[@0$5) uct Apin theabevt-descabedvéxatrpdd, in & Baseavibré® 8sisaadion placed in a
space is to be drawn, it is obvious that there is no
ctisnalghet-dilmensienal fpee icwrieatthwmdt islodvipie ting tHeed BRGio chance of the
drawn. Hence, according to this invention, such a 10
prunizes soritactingithd gdund\beiap draven. t dHdnlde Sackond@ipt to @lis iM@ntion, such a
pol ygon i s associated wth the surface of the

10gppeasx isnahetepol yhedr on that contacts the ground to
omt the determination process for the surface
cont act i ngcddaéing t® thidinaetiong dol pelyp b isczsoidtedivith the surface of the
calculations required for the three-dinensiona
orppphkimstepobdedashatrobkiadg the gfpasd tddbmitttie @Rérhiifidtion process for
rapi d processes. 15 [0016] In the inage processor
abe ewrdhicr goh@ctidgethp geserdtanid mydnt ileramddne ofppedatiomirequired for the
pol yhedron may be a pol ygonal cone which circunscribes
ttheee abinensiorah @raphics Ipoddesses, makih@tteossyle to pérdarin @pid processes.
ground in the virtual three-dinmensional space, the

15000t &l i t yinghe impagdeygocessaraycdrdingtto thechresenassenticat, tHerapproximate
with surfaces other than the bottom surface, and the
detgredraranaypbe apblygomal cda¢ ehivhrércudnedrites thar objet ahdés bottom
surfaces can be seen, except the 20 bottom surface.
Avclacelinayg comtatthegratml/m-tHe strtuabthekee divensibnal space, the plurality of
pol ygonal colum (typically, a
polygons may be stored in association with surfaces other than the bottom surface, and

the determination unit may determine whether or not the surfaces can be seen, except the
20 bottom surface.

According to the above-described invention, a polygonal column (typically, a
rectangular parallelepiped) is adopted as the approximate polyhedron. According to this
invention, a polygonal cone is adopted as the approximate polyhedron and its bottom
surface is a surface contacting the ground.

25 According to this invention, no polygon is associated with the surface of the
approximate polyhedron that contacts the ground likewise in the above-described

invention, to omit the determination process for the surface contacting the ground and



rectangul ar parall el epiped) is adopted as the
appr oxi mat e pol yhedron. According to this invention,
a pol ygonal cone is adopted as the approxinmate
pol yhedron and its bottom surfgce is a surface
contacting the ground. 25 According to this invention,
no polygon is associated with the surface of the
approxi mat e pol yhedron that contacts the ground
| ireigg dhee amounih ef eddolaticte sequiited dor the thered-dimmensionalographics processes,
the determ nation process for the surface contacting
t eakdirmit pdssieltodperfoemuemd phecessesunt  of cal cul ati ons
required for the three-dinensional graphics processes,
ma®PI7g i t AsvismigbipeocessimEmEtiotarapdidg ps theess®arl asp@ dF the present
An i mage processing nethod according to the second
aspreotionts penforpedbeat imdgepeodesom comprising arsmeagdiyhia g determination
| mage processor conprising a storage unit, a
Y &nss andreeganeratios uniti t Theastorage grin stosetsieach ofd pluralibgof polygons
storage unit stores each of a plurality of polygons
naaking upsusfacésafes obfecaplacd ieatvipha clededimensiinal spake, in association
t hree-di nensi onal space, in association wth any of
s Witheeey o f sfirfanes appr approveateymilytedeimowhichiapproximates a shape of the
approxi mates a shape of the object. The nethod
Cc Q%ﬁ?fi- s ddieanailerdegamprisega étepniaing stepgaider generiging s&p, which are
which are configured as follows. 10 [0018] That 1s,
atonfig@uretbasdoiows.ng step, the deternination unit
det erm nes whether or not each of the surfaces of the
10:{®HEH apphatds.rmtle detdrpiedg step ctha dbermsigation tnidd&astines whether or
where the virtual three-dinmensional space is observed
ahetregch opthedetfacesiofitnt ssirghtpproxienatt pelgliddoen cdort@Bean in a case where
predeterm ned viewpoint. [0019] Meanwhile, at the
gtheetirnal tlyresdapsnsionel peoeisabsanedisiohg gereeat@medBight line direction
i mage, as 15 observed al ong the predeterm ned sight
| fram apredeteinined viewpoind pr edet er mi ned vi ewpoi nt,  of
pol ygons, anong the plurality of polygons stored in
abl9de] at i Mﬁanwgléa, apthe gaseetnmstepl thevierierationfuniteeneahtes lag image, as
appr oxi mat e pol yhedron that are determ ned by the
15d@1?S§N¢ﬁrﬁéaﬁgdge prgdétermiged sightlgnesdimmstiof 6020the Arquietegnired viewpoint,
according to anot her aspect of the present invention
i of Rdyganguaneeng the phuwalisy nf pally genscstorpd ireasso@atiam diak are Asociated
t he above-descri bed i mage processor, or to control a
with surfaces of the approximate polyhedron that are determined by the determination

unit as can be seen.
[0020] A program according to another aspect of the present invention is configured
20 to control a computer to function as the above-described image processor, or to control a
computer to perform the above-described image processing method.
The program according to the present invention can be stored on a
computer-readable information recording medium such as a compact disk, a flexible disk,
a hard disk, a magneto optical disk, a digital video disk, a magnetic tape, a semiconductor
25 memory, etc.
The above-described program can be distributed and sold via a computer

communication network, independently from a computer on which the program is



conputer to performthe above-described i mage
processi ng nethod. The program according to the
present invention can be stored on a
conput er -readabl e informati on recordi ng nedi um such as
a conpact disk, a flexible disk, a hard disk, a
magnet o optical disk, a digital video disk, a nmagnetic
tape, a sem conductor 25 nenory, etc. The
abyaxeeted e sEuritieedthp abgreadascritieddafodingtisn kRobithgnediaml dn be
via a conputer ‘communication network, independently
f distmibated angl ydldrindependdncly ftdme thercogipareri S 7 execut ed.
Further, the above-described information recording
medi um can be di stri butEffecaoflths dhekntiodependently from
the computer. Effect of the Invention [0021] According
t ®02hEe prAsentingny ertpresent inventionpNSSpddkidld © RoEdE Beindze
i mage 5 processor and an inmage processing nethod which
Saprecessort andlan ifnage droavdsitg Methodjwivh arphdedit fohd@wing an object
virtual three-dinensional space and nade up of
pelbgegidng vivyud! elteeiditgerisivhal spasbaid @hdPay yOEIHgdne bh€educing the
processed, a programfor realizing these on a
cioumbttr @ polggoinsto be@Ipitsex; 4 pRgedsh €ori redl AinEBhE®Rbn a computer, and a
recordi ng medi um storing the program Brief
Deseputdtrieadabi inEByranatiog secbfllih @R diun] stbng thk prdgri®. an
expl anat ory di agram showi ng a schematic structure of a
typi cal gane devi ce OBrigfiDéeRrigtion SBDRWIHESESSOr
according to one enbodi nent of the present invention
10i @oe2fal i z@IG. | At 8 an’dxpldnaiosy diagexeshdviny a délRgtafistructure of a
showi ng a schematic structure of the inmage processor
aypiealdiang: devicersn whibbhdh imade rbcdsher QeqaRpito oRY eMbb@Rient of the
15 [FIGS. 3] They are diagrans show ng rel ationships
hetswaeimvelticcik seatized. vi rtual pol yhedrons. [FIG 4] It
is an explanatory di agram showi ng a rel ati onshi p anong
a Vi ew pdilGt 2] Iaisnr exetriptary dfageans slgiwing & Behentatis $triiaQe: of the
of a virtual polyhedron, and a polygon. [FIG 5] It
| isnage ptowassoandcosdiopinone dnebddiment@ff tigopresent invbntéon; i mage
process
15 [FIGS. 3] They are diagrams showing relationships between objects and

virtual polyhedrons.
[FIG. 4] It is an explanatory diagram showing a relationship among a
viewpoint, a direction of a sight line, a surface of a virtual polyhedron, and a polygon.
[FIG. 5] It is a flowchart showing the flow of control of an image process
20 performed by the image processor acéording to the present embodiment.
Explanation of Reference Numerals
[0023] 100 game device
101 CPU
102 ROM
25 103 RAM
104 interface

105 controller



20 performed by the i mage processor according to the
present enbodi nent. Explanation of Reference Nunerals
[0023] 100 gane device 101 CPU 102 ROM 25 103 RAM
104 interface 105 controller 88 106 external nenory
107 image processing unit 108 DVD-ROM drive 109 NIC 5
110 audio processing unit 201 inmage processor 202
storage unit 203 determ nation unit 204 generation
unit 10 3006 objternal 18&Aomi rt ual pol yhedron 401 pol ygon
402 viewpoint 403 sight Iine 15 404 surface of a
virtual pd0¥hethgeproctdsingusitti on vector of the pol ygon
412 sight line direction vector 413 outward nor nal
vect or of 10heDNyOI-REGo drive
109 NIC
5 110 audio processing unit
201 image processor
202 storage unit
203 determination unit
204 generation unit
10 301 object
302 virtual polyhedron
401 polygon
402 viewpoint
403 sight line
15 . 404 surface of a virtual polyhedron
411 position vector of the polygon
412 sight line direction vector
413 outward normal vector of the polygon
421 position vector of the surface of the virtual polyhedron
20 423 outward normal vector of the surface of the virtual polyhedron
Best Mode for Carrying Out the Invention
[0024] The embodiments of the present invention will be explained below.
Embodiments in which the present invention is applied to a game device on which
three-dimensional graphics are displayed will be explained below in order to facilitate
25 understanding. However, the present invention can likewise be applied to information

processing apparatuses such as computers of various types, PDAs (Personal Data

Assistants), portable telephones, etc. That is, the embodiments to be explained below
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10

15

20

25

421 position vector of the surface of the virtua

pol yhedron 20 423 outward normal vector of the surface

of the virtual polyhedron Best Mde for Carrying Qut

the I nvention [0024] The enbodigrents of the present

invention will be explained below Enbodinents in

whi ch the present invention is applied to a gane

devi ce on which three-di nensional graphics are

dars pliragrelddwidrl ekplaratipingi med tdbelimw the oteler dfothe present invention.
facilitate 25 understandi ng. However, the present

i Avendingly, dangh ithkewihaeinperdipadyi skill irothe attadouki éploy embodiments in
processi ng appar atuses such as conputers of various

t whieh, eaPDAEn{dne fos ailathe [AdraentAS S itlsd prbent ,enftddiraddte are replaced with
tel ephones, etc. That is, the enbodinents to be
expiialenesioHtbeaysfch anbodimieandeill dlar bepludedin 0”R,scopd of the present
tolimt the scope of the present invention.

Ameenttbnngl y, though those having ordinary skill in the

art could enpl oy enbodi nents in which each el enent or

all the eEmbedibenof the present enbodi nents are

replaced with equivalents of those, such enbodi nents

wWio25lal soFlge 1i iscinusk@thnatory deag&e® pEowing tahehpmesesttuctire of a typical
i nvention. Enbodinment 1 [0025] FIG 1 is an

egqmheadetios wn divieigh am ista@el paocedsds ctesmingCtos theusitsene ifention will be
typi cal gane device on which an i mage processor

aealizedi NFht folidwen egsiemition Rl iveigivenWikl relf&endeqakiiz @hgram.

The follow ng explanation will be given with reference

t[@026]) s dAggreevide [0002a]pribega PP EEntal RERQeBHFITHiBER1, a ROM
a CPU (Central Processing Unit) 101, a ROM 102, a RAM

10R, adhAML @S, fandrtelfde 104, @osvintrollbe105] @b extefnat tihedfidigl 106, an image
menory 106, an inmage processing unit 107, a DVD ROM

Oprowessih@ Sinitalld 7N O Y INR O diritent 08, ba 0 CQTethyork(Qterfatél Card) 109, and
an audi o processing unit 110. By | oading a DVD ROM
strorudingprapessimggeitdrlfcessi ng program.and data onto 15

the DVD-ROM drive 108 and turning on the power of the

gane deviBeldudhg 4« DY [pROYViamring dnl intage preessigfpre@gran hwd data onto
i mage processor according to the present enbodi nent

vihe [D\BIR-R@leladriveeld8 and turning on the power of the game device 100, the program

will be executed and the image processor according to the present embodiment will be
realized.

[0027] The CPU 101 controls the operation of the entire game device 100, and is
connected to each element to exchange control signals and data. Further, by using an
ALU (Arithmetic Logic Unit) (unillustrated), the CPU 101 can perform arithmetic
operations such as addition, subtraction, multiplication, division, etc., logical operations
such as logical addition, logical multiplication, logical negation, etc., bit operations such
as bit addition, bit multiplication, bit inversion, bit shift, bit rotation, etc. upon a storage
area, or a register (unillustrated), which can be accessed at a high speed. Further, the
CPU 101 itself may be designed to be able to rapidly perform saturate operations such as
addition, subtraction, multiplication, division, etc. for dealing with multimedia processes,

vector operations such as trigonometric function, etc. or may realize these with a



[0027] The CPU 101 controls the operation of the
entire gane device 100, and is connected to each
el enent to exchange control signals and data. Further,
by using an 20 ALU (ArithmetiqgLogic Unit)
(unillustrated), the CPU 101 can performarithnetic
operations such as addition, subtraction,
mul tiplication, division, etc., |ogical operations
seopiiocssdrogi cal addition, logical nultiplication
| ogi cal negation, etc., bit operations such as bit
a[@dR8] on, The tROM t10PI ste@b i &N IPDi {Initial Prografh [dhder) to be executed
shift, bit rotation, etc. upon a storage area, or a
rieghedistely(dfter theusdwatie hmedibin, reationf vadeleaipgdrsahe rogram stored
hi gh speed. Further, the 25 CPU 101 itself may be
des thg TEIDROMEto read inté e RIAV P& 4rl éReS@EdIbAt®e CPU 101. Further,
operations such as addition, subtraction,

SnhktREM t@X stores adproigfin® And ehfous ddta dexodr BerilindIsystem necessary for
mul ti medi a processes, vector operations such as
t ¢cdngollgahé bperbtivicdfl thd entert gamerdetidy 10@al i ze these with
a 10 coprocessor. [0028] The ROM 102 stores an | PL
(foo29) al Program 10046 €61) telpobeil e xReing eidta itrltg\ﬁ@igﬂih@, ¥ind retains the
after the power is turned on, execution of ich
tprogeer and Ratapreadr@um f3érartee DYD-ROM, DV REM Harabecesad for game
into the RAM 103 and executed by the CPU 101. Further,
SprobeedR@YIah@ 2hat comBuficiagl aFuARd, wrCPUS] 0dadeafol@s padtesses such
operating system necessary for controlling the

10 cazegeatiting aofaribble ed i thegRABL d0Yit6 votRQhe [AQA2Aredtheupon the value
RAM 103 is for tenporarily storing data and prograns,
anoked éh denaariable to [Pefgradpantionkabaoh@adomnt the valletfgted in the RAM
DVD- ROM and ot her data necessary for gane
prosc @edha1gsgisted SAIrmEEHNOBBIatiand APSn thelirdepiefer, hie Weltlhg back the
101 performs processes such 10 as securing a variable
aspegation redudt tRAM hOdotyg ewor k the ALU directly upon the
value stored in the variable to perform operations,
quoodice sTior cangrotlbel Matemestd tedugthelifteRAM 100 ceiRes an operation
the register, perform ng operations upon the register,

15 anputvgivén ygthbasds witea playieg aas sticdsasl 4 ratidgighme@eor y,
etc. [0030] The controller 105 connected through the
i nt er f aceTHD éxtemakinweasoranl (Gpédtadhably comettod ubro@pl @l terface 104
t he user when playing a gane such as a racing gane,
atwritabhe stords elataihdiceting the Py setaasiiciiicvemnemst &¢l) of a racing game,
t hrough the interface 104
etc., data indicating the progress status of the game, data of chat communication logs

(records), etc. The user can store these data on the external memory 106 where needed,
20 by inputting instructions through the controller 105.

[0031] The DVD-ROM to be loaded on the DVD-ROM drive 108 stores a program

for realizing a game and image data and audio data accompanying the game. Under the

control of the CPU 101, the DVD-ROM drive 108 performs a reading process on the

DVD-ROM loaded thereon to read out a necessary program and data, which are to be
25 temporarily stored on the RAM 103, etc.

[0032] The image processing unit 107 processes the data read out from the

DVD-ROM by means of the CPU 101 and an image calculation processor (unillustrated)



rewitably stores data indicating the play status
(past achi evenents, etc.) of a racing gane, etc.,
data indicating the progress status of the gane, data
of chat communication |logs (reqords), etc. The user
can store these data on the external nmenory 106 where
needed, 20 by inputting instructions through the
controller 105. [0031] The DVD-ROMto be | oaded on the
DprovikEw! idr theeinta@8 pso@sssg amjtr bQjf, eamd thereaft@abtomis e alata in a frame
gane and i mage data and audi o data acconpanyi ng the
ganemorin@erllustiged)c pneviddd dfi thee iiid bBdcesdihe WNWMD-IBOM The image
drive 108 perforns a readi ng process on the DVD ROM
| gpdomitichestord tim theaffamut maneyg eis s esnyepred ginfmaanddeo signal at a
data, which are to be 25 tenporarily stored on the
Rewwddtesnined syndhg@B2itiontemingeand qutme es si mgnitori (inil@Ftrated) connected
processes the data read out fromthe DVD ROM by neans
Sofo thve iGRE¢ POdcessing amiti ibhe Théreby,airhage Aisplags S various types are
(unillustrated) 11 provided in the image processing
uavailable7, and thereafter stores the data in a frane
menory (unillustrated) provided in the inmage
processi ngheimntgel Gilculdtiver proagsor tarf eapidly iperfosh @fa@sbaréht operations
the frame nenory is converted into a video signal at a
psuetiete owerad opyratbn cori zableadingi of ngoatitemibralitiniaged and saturate
nmonitor (unillustrated) connected 5 to the inage
popErassis of vamous tif¥s. Ther eby, i nmage di spl ays of
vari ous types are available. The inmage cal cul ation
10pk0932k sor Fairery aié dinagpecdlardaidm grsqeasoentaropdyoatrasidly perform an
such as overlay operation or a bl ending of
t operatiorefos iremigkingngesZ baffer sethodapelygow aifaimaivs slhced in a virtual
various types. 10 [0033] Further, the inmage
cthreeudiatensinngdr spees smd  baving hvadouapexdine pEsfmetidhamdded, to obtain a
operation for rendering, by a Z buffer method, polygon
i iehderadimaege ofl the palygon plaved inuhé virtuat eeedddimemsionaladpace as seen from
space and having various texture information added, to
obpriletenning @ Miger pgitiomedengod pretiete munyd)dineqioa of sighnlitdie
virtual three-dinmensional space as seen from a
15pr edet er nFurglerybevhep 651U i16h aadothg imape edietiation pedcessor working in
direction of sight line. 15 Further, by the CPU 101
asRdpeation,magierasdrotiiing asom two-doessmalvmidgervgnibe depicted on the frame

memory, or depicted on the surface of each polygon, according to font information

defining the shape of the characters.

[0034] Further, it is general that the image calculation processor has a rendering
20 function of projecting a bitmap image (texture image) of a triangle or a quadranglé by

appropriately deforming it into an area defining another triangle or quadrangle.

[0035] The NIC 109 is for connecting the game device 100 to a computer

communication network (unillustrated) such as the Internet, etc., and comprises a

10BASE-T/100BASE-T product used for building a LAN (Local Area Network), an
25 analog modem, an ISDN (Integrated Services Digital Network) modem, or an ADSL

(Asymmetric Digital Subscriber Line) modem for connecting to the Internet by using a

telephone line, a cable modem for connecting to the Internet by using a cable television



cooperation, a character string as a two-di nensi onal

i mge can be depicted on the frame nenory, or

depi cted on the surface of each pol ygon, according to

font information defining thejghape of the - _

characters. [0034] Further, it is general that the

i mge cal cul ati on processor has a rendering 20

function of projecting a bitmap i mage (texture inage)

olineg ot thealfigd, endan dntepdacd @nilustrdiyd) fap prrpledatial Yetween these and the
deforming it into an area defining another triangle or
gORdrl@ngl e. [0035] The NIC 109 is for connecting the

game device 100 to a conputer communi cation network

([00B6]) ust The ediios pedressing haitl ml @rovavertetaddio amd read out from the
conprises a 10BASE-T/10BASE-T product used for

bDVIDdROM ainkoANn( hoglag Adéa Nedaloard , odput? thandpmd from a speaker
nodem an | SDN (I ntegrated Services Digital Network)
Snmddhastrated)aconABSed tHefsty MmBlthes, TAdgt Had contlos 6f tHeaTPU 101, the audio
Li ne) nodem for connecting to the Internet by using a
t@bepkiagenitiine geacrarb keunindtinsfand noain@r4 tolge $ounlidiein the course of
Internet by using a cable television 12 Iline, or the

| thk gamarehdautpund the fsaaiis(dofiesgondingab e)dat0from the speaker.

i nternedi ati ng between these and the CPU 101. [0036]

The audi olnpr esesdiefgthdriutioldfla eebidRA S tAeIDIVD-REIM ik @8I data, the
out fromthe DVD-ROMinto an anal og audi o signal, and
auidiiupsodebsing ughal 10f Fedensatosthe akasic sbufcyndatd usdhideted) the data, and
connected thereto. Further, under the control of the

10 dvarsl thet MIDA UL irfith ORESEH ditg. URirthet 1th gedaes allRge BRuAEio data is

effects and nusic data to be sounded in the course of
tdoenpyessed aadid datat (FUABPCNE f tidt) CzeCusibasoanal, 8., tie 4o processing
data fromthe speaker. In a case where the audio data

nedot Hedxpands the R RAMcbsvelds Bt igtatRCML figa. aBIMA (Digital/Analog)
processing unit 110 refers to the nusic source data

i qonlertied thenP€Medadatea tiaring cdriespardieg tosthe kemMily frelpteacy of the data
into PCM data. Further, in a case where the audi o data

| d eoutprtidsgsthd datado chedspeakeof it ARSNbIeas vatput By PCXdhiass audios.
format, etc., the audio processing unit 110 expands

15tfee3 fat a Aside Gonvihetabovd, thengamdavictalitd. mBybd ¥t dhfigured to perform the

(Digital/Anal og) converting the PCMdata at a tim ng
camedspaivis agtHeR O=el (2 the RANT {03 thessxteyrndl fmdrh@yd@6ahe DVD-ROM
and outputting the data to the speaker, it is possible

tto beubgdet! dohtbe POAD RO dréveal(s, . by using a large-capacity external storage

device such as a hard disk, etc.

[0038] FIG. 2 is an exemplary diagram showing a schematic structure of an image
20 processor according to one embodiment of the present invention. The following

explanation will be given with reference to this diagram. The image processor 201

according to the present embodiment comprises a storage unit 202, a determination unit

203, and a generation unit 204,

[0039] Here, the storage unit 202 stofes each of a plurality of polygons, which
25 constitute the surfaces of an object placed in a virtual three-dimensional space, in

association with any of the surfaces of an approximate polyhedron, which approximates

the shape of that obj ect.



15 [0037] Aside fromthe above, the game device 100
may be configured to performthe sanme functions as
the ROM 102, the RAM 103, the external nenory 106, the
DVD-ROM to be | oaded on the DYB- ROM dri ve 108, etc.
by using a | arge-capacity external storage device
such as a hard disk, etc. [0038] FIG 2 is an
exenpl ary di agram showi ng a schematic structure of an
i [9ge] 20FIBDckesoex@acavomnti diggramsahewingextimmed obfshdfges of objects
present invention. The follow ng explanation will be

- ghlaead ini thé virefab tleee dintansionilsspdt@ guind rexamples iofreperoximate polyhedrons
processor 201 according to the present enbodi nent
canmpspaebnatosthemagdhe fioliovaag explaoketonr willtsxt gioen withtreference to these
203, and a generation unit 204. [0039] Here, the _
sdiegmgs. ul the@D@iagtaorsethe eantouns ofahpbbijeets iateyindfcated by solid lines and
pol ygons, which 25 constitute the surfaces of an

Sothie eontoptsadf etk appraximiatet podyhetiione erdindizaed by drokepdines rdspectively.
association with any of the surfaces of an approxi mate
p@Io¢hledr oRIG.\Bh{ad khaypthe xelaaseship bdreeahapeildifig bbjatt 301 placed in the
object. 13 [0040] FIGS. 3 are explanatory di agrans
shiowalnreextmphssnabd fpach apé its ofrtabpagheairopbezed in the
virtual three-dinensional space, and exanpl es of
appr oxi matre npaolyy kasts,omsughc ghapes pof diuildinige drbetppichlig a rectangular
foll owi ng explanation will be given with reference to
t perrsléelepdpeaty tiamgh nay sohesienedité@raasiape tikea polygonl oldmn.  The shape
the objects are indicated by solid lines and 5 the

10cainthe wbiecoB801 hEtheppesext axtneplpdd yéaredulyns rextangiladipaatleldpiped. The
by broken lines respectively. [0041] FIG 3 (a) shows
t padygaals atiaking hup thetobixen 3 1bardel gdastgl chijhe cdxtd0d il @geekte surfaces,
in the wvirtual three-dinmensional space and its
vwirtdoas, golty kegeon BORing in thanytuabthe-dimengbnd Rpaes of
buil dings are typically a rectangular parall el epiped,
t [0042}h meliesenet ravemguiak epazalbhaieed (deed@npaby goisml), which has the
colum. The shape 10 of the object 301 of the present
exajop Fenstrucijané elameyts §wabe srahapiliay) of rediuildinepibpeed 30 Theits surfaces,
pol ygons naking up the object 301 are pasted with

15t igxtlopted anthe yomet polghsdroh 862s, wi ndows, etc. to
express a building in the virtual three-di nensional
s[PA4%]. [ OBUR]3 Hersheys dhe sxddtamghipdretwesmad teberpibpeet 301 placed in the
(quadrangul ar prisnm), which has the
virtual three-dimensional space and its virtual polyhedron 302.

In many cases, rough shapes of towers are typically a polygonal column, a

polygonal cone, and a polygonal frustum (the remainder of a polygonal cone from which

20 its top portion is cut off), and the shape of the object 301 of the present example is

generally a quadrangular pyramid. The polygons making up the object 301 are pasted

with a mesh-like texture representing reinforcing bars, and further with textures of

concrete surfaces, windows, etc. likewise the above-described object 301, to express a
tower in the virtual three-dimensional space.

25 [0044] Hence, a quadrangular pyramid, which has the major constructional elements

(walls) of the tower object 301 as its surfaces and has the top of the object as its vertex, is

adopted as the virtual polyhedron 302.



maj or constructional elements (walls and ceiling) of
the building object 301 as its surfaces, 15 is
adopted as the virtual polyhedron 302. [0043] FIG 3
(b) shows the rel ationship betwen a tower object 301
placed in the virtual three-dinmensional space and its
virtual polyhedron 302. In many cases, rough shapes of

‘towers are typically a polygonal colum, a polygona
cldnés] andltas fypicgp padferrediduamplyhedroe mighdeircuafscrdbes the object 301
pol ygonal cone fromwhich 20 its top portion is cut
ofot Jncladed thdpolybagpeofothe tobfecoB) B ot o3& 1apsfwitth ehepsodggink of the object
exanple is generally a quadrangul ar pyram d. The
P31y ganepreadtitnthe penédak stopg @F the3djear3® 1 gasdoedingwy tnly dave a surface
mesh-1i ke texture representing reinforcing bars, and
fthat hersastd thet polygorgsofothe abgee 3O i ARes,a polygonss,column or a
etc. |ikew se the above-described object 301, to

Sepalygmal eonetbevadopted as the wittiidl palyhedroas0di NEhBIi©bedause the number of
space. 25 [0044] Hence, a quadrangul ar pyram d, which
hasfatdseofizaglopolglnisdrstic by daraimatieenmn tise numisdr s polggortshiaking up the
tower object 301 as its surfaces and has the top of
tdtgean!Bj0@ct Itais thé Sntestidreio rddace dcopheahtast ¢dieulations,usy trimming off
pol yhedron 302. 14 [0045] It is typically preferred
tpudygom poteshedbypnhemirdtes iof chersiztuab@siyhbdronldoects 301 be described
(or includes the polygons of the object 301 or
duer.l aps with the pol ygons of the object 301), or
represents the general shape of the object 301

10([@04®)r di rifeystorapy uhin\ 202 atdiey éb el thd1pdlypoisLsSe bbjethi@ association
pol ygons of the object 301), particularly, a polygona
cwithiany of the surfacty goneh L£oRRabgolglaipéed Hewithdefind Eubhl association
pol yhedron 302. This is because the nunber of
swilf de esxptiinesiubélopol WISArOAS anSexPladaddry Sdiapdasy shdigiftlg a positional
t he nunber of polygons making up the object 301. It
i rslatibeshim ot g arvitwpaieg acsight Hime atirutidn, @he catfaed @t 4 polyhedron, and
by trimm ng off polygon processes by the surfaces of
tdre poiygooal ThofollvedngexBa2tioasvillibk lgivea widsefdrtred to this diagram.
|ater. 10 [0046] The storage unit 202 stores each of

15t[864Hol ydonthreefdimensiotn] exaphics, assateiodtd polygov 801 piacedfin a virtual
t he surfaces of such a virtual pol yhedron. How to
cthfaenhmsnmdma;hspamelaatsemalomg the diescenplofiiarséght hiak @03 fEnInGa viewpoint
4 is an explanatory diagram show ng a positiona
402 set in the space is drawn. A position vector r 411 of the polygon 401, whose origin

is at the viewpoint 402, a direction vector s 412 of the sight line 403 starting from the

viewpoint 402, and an outward normal vector n 413 of the polygon 401 will be
20 considered.

[0048] The destination pointed to by the position vector r 411 of the polygon 401 is

any of the representative points inside the polygon 401, typically any of the vertexes of

the polygon 401 or the median point of the polygon 401.

[0049] Strictly, the determination whether the texture of the polygon 401 should be
25 drawn or not is determined based on the range of the angle formed between the position

vector r 411 and the outward normal vector n 413. However, in the case of an object

which is apart by a predetermined distance or larger, an approximate calculation may be



rel ati onship anong a viewpoint, a sight |line

di rection, one surface of a polyhedron, and one
pol ygon. The followi ng explanation will be given with
reference to this diagram 15 [1G047] In

t hree- di nensi onal graphics, a state of a polygon 401
placed in a virtual three-dinensional space as seen

along the direction of a sight Iine 403 froma

vilewply nsing 482 sight linadirdmtioapacer isst 1@riavwad Af fespdsition vector r 411.
vector r 411 of the polygon 401, whose origin is at

t hbatvs,evipmisntictd02, a direction vector s 412 of the

sight line 403 starting fromthe viewoint 402, and
an out war dl S{onyi@gdnyect or n 413 of the polygon 401 wll
be 20 considered. [0048] The destination pointed to
byr 4gpeoxpomicdy on vector r 411 of the polygon 401 is
any of the representative points inside the polygon

5401, typiead(s-w)/@iiv))sd the vertexes of the pol ygon 401
or the nmedi an point of the polygon 401. [0049]
Sisrdstbliyhedt(nmen eiccanglafirined bafveichdoth the veepstsis @qad] tb b€ larger than
pol ygon 401 should be 25 drawn or not is determ ned
b8& degroes drldeequalngeorainallbethandBe degreesdthe sueeroft the polygon 401 can
position vector r 411 and the outward normal vector n
4iSsechiding e, viewpdihe4d2as Neetileantodday ewith fiktiet isd 8f @pst.), the angle
by a predeterm ned distance or |arger, an approxi nate
casetihay boobtaiyd iedd the ddemmizyiotisi ng the sight |ine
direction vector s 412 instead of the position vector

10r [00%@] THatordmglytieds sisentddllyyneckssafy f) AOjthé Icalchlatibns of the inner
or approximately 5 -15(sn)/(1slInJ)< 0 is established
( pdodnctt descabgl ebdver (ried chletiadem foobbtatrtig ieC tngls fosned between the
equal to or larger than 90 degrees and equal to or
svekdrey fot barh doBoaelfriees), the surface of the pol ygon
401 can be seen fromthe viewpoi nt 402. Needl ess to
sEPS 1M t hAEcrrtiingrto tlsxepmefendendodiment, thérdetanginetion tssiehé with the use
may be obtained to do the determ nation. 10 [0050]

Acicorsdifangl 404 oft the yvirtsd @otyhadidoy 08¢ dms v yssd@atdd withethe polygon 401.
cal cul ations of the inner product described above

15( Ahglucaity of golygons @01 civt assuciaged hithathg | sarfhcr #84] and by determining
bet ween t he
whether. or not the surface 404 can be seen, the determination whether or not the plurality

of polygons associated with the surface 404 can be seen is done collectively

(approximately).

[0052] As shown in the present diagram, a position vector r’ 421 of the surface 404,
20 whose origin is at the viewpoint 402, and an outward normal vector n’ 423 of the surface

404 will be considered. The destination pointed to by the position vector r’ 421 is a

representative point inside the surface 404, typically the median point or any vertex of the

surface 404.

[0053] Likewise in the case of polygon 401, it is possible to determine whether or
25 not the surface 404 of the virtual polyhedron 302 can be seen, by

-1<(@’-n”)/(|r’||n’])<0

or



vectors) for each polygon 401. [0051] According to the
present enbodi nent, the determ nation is done with the
use of a surface 404 of the virtual polyhedron 302,
that is associated with the polyggon 401. 15 A
plurality of polygons 401 are associated wth the
surface 404, and by determ ning whether. or not the
surface 404 can be seen, the determ nation whether or
not the ptiE(ahii(lg|In’P£0 pol ygons associated with the
surface 404 can be seen is done collectively
(E390fbxi nierdey Yn ofd@O&ERippAscislaeyihe idatetrthimaficres@ather or not the polygon
di agram a position vector r' 421 of the surface 404,
240 Whas be seanghyn thesdeadrntiteion welqildrnir @ 2he authcam04 can be seen, it is
outward normal vector n' 423 of the surface 404 wll
beequivers thde thecanglehformied beteaen aite paivateoral R¥ctbhg 413 of the polygon
position vector r' 421 is a representative point

5i 4%l atel thheusvard acenal G4¢tot P4 X3adfl tiie slrEacEeION ®B naAbWt  Tor each of the
any vertex of the surface 404. [0053] Likewi se in the
cplesalitf ofomilygpons 4801the values possi ble to determ ne
whet her or 25 not the surface 404 of the virtual
pol yhedr ofn-1892njdp be seen, by -1<(r'n")/(Ir'1In"1)<0
or 16 -15(sn")/(lIslIn" 1)<0 [0054] Hence, in order to
appabulatet egefdingdtnepotygat 4@hawheddhesurfate A04 of B virtual polyhedron
pol ygon 401 can be seen by the determn nati on whet her
03060 thatehespolfaae4@Dmag de dscirehwithtsutlsa stdais 40with which this
that the angle fornmed between the outward nornal

10vetducois the 4dr8esif(tehadogeolty g othisSvad@klisatit srhatlepwioranigle formed between
normal vector n' 423 of the surface 404 be narrow. For
gthemis)f the plurality of polygons 401, the val ue
(n'n)/(InlIn"1) is calculated regarding that polygon
4005&Nnd elmchissusrfrec ehd Obragk uhhi0Qistdreaithe REsochIdh Watween a polygon
302, so that the polygon 401 nay be associated with
stidrand asurfhex 0404 with which this 10 value is the
| argest (the closer to 1 this value is, the smaller
t1985@ng| eNétertiretdinithe wesnof a construction such as a building, a tower, etc., its

15 bottom surface (the surface at which the construction contacts the ground) can never be
seen. Hence, according to the present embodiment, the surface that contacts the ground
will not be adopted as a surface of the virtual polyhedron 302. Each polygon 401 is to
be associated with any of the surfaces 404 that are disposed at the side surfaces or the top
surfaces of the virtual polyhedron 302.

20 [0057] Further, though determining whether or not the polygon 401 can be seen
according to whether or not the surface 404 of the virtual polyhedron 302 can be seen is
an apbroximate method, this can often obtain a sufficient visual effect, depending on the
field to which the present embodiment is applied. Though having said this, it is also
possible to make this approximation as accurate as possible, within the range in which the

25 amount of calculations does not increase (processes for the polygons 401 that cannot be
seen are reduced by as many as possible).

[0058] That is, in the foregoing explanation, a polygon is determined as can be seen



themis). [0055] In this manner, the storage unit 202
stores the associ ati on between a pol ygon 401 and a
surface 404. [0056] Note that in the case of a
construction such as a building7 a tower, etc., its
15 bottom surface (the surface at which the
construction contacts the ground) can never be . seen.
Hence, according to the present enbodi nent, the
sur § age What tioatge feniedebegwernttie twol tectond ishejuadmpsreldrger than 90
as a surface of the virtual polyhedron 302. Each
pdé¢grepsrand @fualso bo smbierabapt3adepteesi t Thanywerf limhés to be lowered by a
surfaces 404 that are disposed at the side surfaces or
t bie. t Ber exampieaedth anfanighecofithargitadet pol ¢ Begdeasna 302 is 1Y that a polygon
[0057] Further, though determ ning whether or not the
po| detpomintdhs cam bben weriin a aaorikira thet amglehfeted betweawthe. two vectors
the surface 404 of the virtual polyhedron 302 can be
Sssepquad toaor dpperoxhamaBe deprdeadand Rigsalcan oofshedtlephhad N80 degrees.
a sufficient visual effect, depending on the field to
Whpezitidalle, whes thid agdidofhnegih is sefapg foed. 0 [(07eeg90°nay.| Dgo<n/2), the
said this, it is also possible to make this
afhperodharini can basloae ectoading &5 possi bl e, within the
range in which the 25 anobunt of cal cul ati ons does not
I ncrease {IROaLREEMm’ Hadosd he pol ygons 401 that cannot
be seen are reduced by as nmany as possible). [0058]
That is, omn the foregoi ng explanation, a polygon is
determ ned as can be seen 17 in a case where the
10angl e f or neds- W pfreN<dd’e. t wo vectors is equal to or
| arger than 90 degrees and equal to or snaller than
1B059kegr e€be deftinsindtimemay berdénd &cddidpetol ower ed by a
bit. For exanple, with an angle of margin set to 10
degrees, adrodod((f’sn’)/dt’ n’hhat/2@® pol ygon is determ ned
as can been seen in a case where the angle forned
between tére two vectors 5 is equal to or larger than
80 degrees and equal to or smaller than 180 degrees.
Speci f i caftarccoat{en’ ){(Isi|s )axgR® of margin is referred to
as 0 (050< 90, i.e., 0:50:57r/2), the determ nation
15 cifinexpeesdarhen gemmy of rthe tamglel forn(ed' betweér( Ithé viettors. It is possible to
D<_cosO or
arbitrarily select which determination is to use, depending on what kind of hardware or

basic library is provided in the computer.
[0060] Note that it is general to determine the length of a normal vector or a sight
line direction vector as 1. That is,
20 In|=|n’|=|s[=1
In this case, it is possible to simplify each of the above-indicated
determination criteria as follows.
-1<(r’.n’)/|r’|<cos0;
-1<(s'n’)<cosb;
25 n=arccos((r’-n’)/|r’|)=>n/2-6;
n>arccos(s-n’)2n/2-6

As obvious from the glance at these, it can be considered that the calculation



10 -1 _<(sn")/(IsjIn"1)ScosO [0059] The determ nation

may be done according to r<_arccos((r' n")/(lr" I In'
1))?it/2-0 or 7t2arccos((sn")/(Isl In" 1)) _7t/2-0 15

if expressed in terns of the angle formed between the

vectors. It is possible to arbitrarily select which
determnation is to use, depending on what kind of

hardware or basic library is provided in the

ctirp ist shorte] @b e UNotoé thehdghtiline idéregidoreveatortsat 1d ebthemthae with the use
the length of a normal vector or a sight line

dofrthe positionvectaanr’ 431.1. That is, 20 Inl=In"I=Isl=1 In

this case, it is possible to sinplify each of the

al9oeE- i nduethére tvhen Otiesatitd(F0)) titare tsatd rargn, fdlille WS set-td 90°(=m/2),
_<(r" n)/1lr" I<cosOQ -1 5(sn"):5cosG 25

t the aproceays (isr tartied /dutt ' with _all /tRe Qolygons 401 determined as can be seen.
7t _arccos(sn')_7t/2-O As obvious fromthe gl ance at

5t hesedinglly, hanvahe afnsiagd ®e @ebitriidlly Hehwet actbedih@itd tha ikl of application

time is shorter wwth the use of the sight line
dindeh¢ capaciveof the compifer rabinees.t han with the use of
the position vector r' 421. [0061] Further, when O is
s@n62jo O(EQ., S tiher owshdro shew@ightheWhiow eofOcorirod &3f 4D image process
90(=n/2), the process is carried out with all the
pedrfogmnad B0 thed dhegarpredssas. Cahe lfellswidn. exphanation will be given with
Accordingly, the value of O nay be arbitrarily be set
aetoernteng thiodinpent.i el d of application and the
capacity of the conputer resources. [0062] FIG 5 is a
10f [006&har t It $hseirned thaethlelswragef urGORIX Afeadf staresieAdtgef the polygons 401
process performed by the i mage processor. The
f @fl dnootj ey 36X ph assatiation wiihl angeofghe eurfadet B04 of a virtual polyhedron 302,
as described above.
[0064] Hence, first, the determination unit 203 performs processes repeatedly for
each of the surfaces 404 of the virtual polyhedron 302. First, the determination unit 203
15 determines whether all the surfaces 404 have been processed (step S501), acquires one
unprocéssed surface 404 (step S502) if there is any unprocessed surface 404 (step S501;
No), and determines whether or not the outer surface of that surface 404 can be seen in a
case where the surface 404 is observed along the direction of the sight line vector s 412
from the viewpoint 402 set in the virtual three-dimensional space (step S503). At this
20 time, as described above, the outward normal vector n” 423 assigned to the surface 404,
or where necessary, the position vector r’ 421 of the surface 404 that is from the
viewpoint 402, will be used.
[0065] In a case where the outer surface of the surface 404 can be seen (step S503;
Yes), all the polygons 401 stored in the storage unit 202 in association with this surface
25 404 are registered in a Z buffer (step S504), and the flow returns to step S501. Here, the
Z buffer is an array-like storage area which is prepared in the RAM 103 or the like, and is

used for determining the relationship among polygons whether they are farther or closer



reference to this diagram 10 [0063] It is assuned

that the storage unit 202 already stores each of the
pol ygons 401 of an object 301 in association with any
of the surfaces 404 of a virtugb pol yhedron 302, as
descri bed above. [0064] Hence, first, the
determ nation unit 203 perforns processes repeatedly

for each of the surfaces 404 of the virtual
pbbyhtbelvewpdl2. First, the determ nation unit 203 15
determ nes whether all the surfaces 404 have been
pd66}F s e d Opghe pthESRHN, iree case mésreothe outep sadas € dhe surface 404 cannot
surface 404 (step S502) if there is any unprocessed
shie $eaa €std85(F Ny, theAibw rehim)s toarg SHXler m nes whet her
or not the outer surface of that surface 404 can be
SEG7] N aAsdasmevnwfirene thehebswtr fimce cddld4whereofhs eiinage processor 201 is
along the direction of the sight Iine vector s 412

5f realizddnen the @apeideticd QR0 st GRU 1l Ok futictibitdds the determination unit 203 in
t hree- di nensi onal space (step S503). At this 20 tine,
asoopesativh veéth tho RV 10Be  Ottienatat thisf itted cage othere multi4dia instructions,
assigned to the surface 404, or where necessary, the
poitdr aperatien timstructionk? parafleltdnehractid iasteuctiofs,tdbatof it ifageprocessing
the viewpoint 402, will be used. [0065] In a case
whrecessbhearobi¢ @seds uhé daetioh dfithe etetratatid4initad03bmag derfulfilled by
(step S503; Yes), all the polygons 401 stored in the

sparalh eprogeisiing 0P thenalmws s ales@ibed nepdtition tdniveitts thiefuae @f v2&tor operation
404 are registered in a Z buffer (step S504), and the

10f iInstrugtinsrats to step S501. Here, the Z buffer is an
array-like storage area which is prepared in the RAM
10®68) t h€hdn, kehenaptbcesses wedll fher sudfacey A0Mihage theen completed (step
rel ati onshi p anong pol ygons whet her they are farther
085@ll; 5wy, thO geddratinnt et 204w the .polyE0aE R0 Diedifieredtietic Z buffer in
hand, in a case where the outer surface of the surface

404 oc@nruﬁthosbéarﬁee firofrs the viSafiEnt (bep S506k flhew thefgemerstion unit 204
to step S501. [0067] As known fromthe above, in a
capeatyterfello wmgipregpssep farcths fothe@Qiblygon 401 e dei desdstqrolygon 401.

t he gane device 100, the CPU 101 functions as the

15dEX0é9 i nathanisutiet g@Rtion uio P rdatermimesi witethdreal R polygons 401
103. O her than this, in a case where nmultinedi a
| registared irothe, sortee &t bmffcurimlvatbleem praeadsed ¢step 8S06)pacaiideeithe polygon
arithnetic instructions, etc. of the inage processing
401 farthest from the viewpoint 401 among unprocessed polygons 401 (step S507) if

there is any unprocessed polygon 401 (step S506; No), applies a predetermined
perspective transformation based on the position information and posture information of
20 that polygon 401 in the virtual three-dimensional space, the position of the viewpoint, and
the sight line direction (step S508), secures a region on which the polygon 401 is to be
projected in a screen buffer (step S509), pastes the texture assigned to the polygon 401 in
that region (step S510), and returns to step S506.
In this manner, the CPU 101 functions as the generation unit 204 in
25 cooperation with the RAM 103 and the image processing processor of the image
processing unit 107.

[0070] Through the repetitive process of step S501 to step S504, only such polygons



processor can be used, the function of the
determnation unit 203 may be fulfilled by paralle
processi ng of the above-described repetition or with
the use of vector operation 10ginstructions, etc.
[ 0068] Then, when processes of all the surfaces 404
have been conpleted (step S501; Yes), the generation
unit 204 sorts the polygons 401 registered in the Z
b4G 1t ehobdtextunesafade (is dbtetrhinee af)auah e sedn, ara repigtered in the Z buffer.
vi ew poi nt (step S505). Then, the generation unit 204
repeat s tMBerkflrd, aNs@RAIDCHSSIdEe foodo witha shaillehg&gabunt of calculations
pol ygon 401 to the cl osest polygon 401. 15 [0069] That
| than tRIrg@ NEs dddeOrhehhll thi(blieben0l AR epibetddan tied ¥ buffer. Further,
pol ygons 401 registered in the sorted Z buffer have
biees dpparesIkd (het @Rodh08) caladatibnsesar e Ralgegowith4tht use of the
farthest fromthe viewoint 401 anong unprocessed
SPAipY@anBitedRidthod tof BheSpR{ont icnbotiiedre, dosnpiRsd withrpeefofidg preliminary
pol ygon 401 (step S506; No), applies a predeterm ned
PROSREES d fMehdiliciReh BE BdthiopRamkis 86 séh fohell hregiolygons 401.
i nformati on and posture information of 20 that pol ygon
471 t hﬁfyybm&t&@hly,t braeifdangigsanadl spdcke, cahl® actually be seen is
position of the viewpoint, and the sight |ine
diebRedréd h {13t 2 Pufo)When IRE UBESt I 1ri8Q dosedrpoMtiedtort g polygon 401
pol'ygon 401 is to be projected in a screen buffer
(ShRA c2R&)actuBB$ bESednl1s, (hRXdsUE&tASlS), 30 8d ot @virli@n with a polygon 401
pol ygon 401 in that region (step S510), and returns
10t @at EQibts A Abclode pobitidn NEMIRE Viewpbint GBY) 1Al itfdoret | Digefate, it can be
the generation unit 204 in 25 cooperation with the
RAMsidgedatidt bhwrifficiegepapfopmass RoexRied 66 Sath @h dpplcation as a racing
I mage processing unit 107. [0070] Through the
I 8¢ WhedEh Rk SRS idhgsS t(RPWhRAkhE Plagte@oeSII ne@Biayily pay attention)
such pol ygons 20 401, whose texture surface (is
deteentard iRsdal daR. be seen, are registered in the Z
buffer. Therefore, it is naturally possible to do wth
a[mmR] | er Taemuatterofthe atlawlimd | @nsthe t kagen afifer ey idona through the
case where all the polygons 401 are registered in the
15ZatpieidREcritedIiepeitive stdpsiSS0appatepnss ih@tept $e06aTeE)) thotontent in the
cal cul ations can be reduced with the use of the 5
apREmXburtdras mahdfottedio 4 dplyadeeite o ab@dicak Bynchemipaioadignal cycle
with performng prelimnary processes of whether can
beo e nhoetamadtimage s6Nbd dispBlyed (hep SOl Y)gans thd present process is

terminated.
[0073] As described above, according to the present embodiment, it is possible to
20 generate three-dimensional graphics as rapidly as possible, by reducing the number of
polygons to be the object of calculations.
[0074] The present application claims priority based on Japanese Patent Application
No 2004-275722, the content of which is incorporated herein in its entirety.
Industrial Applicability
25 [0075] As explained above, it is possible to provide an image processor and an image
processing method which are suitable for drawing an object placed in a virtual

three-dimensional space and made up of polygons by reducing the number of polygons to



[0071] Hypothetically, even if a polygon 401 which

cannot actually be seen is registered inthe Z

buffer, when the object 301 is a closed pol yhedron,

t he polygon 401 which cannot agtually be seen is,

(al rost certainly), to be overwitten with a polygon

401 10 that exists at a closer position to the

vi ewpoi nt 402 than it does. Therefore, it can be
densoarseeda pturam fauthlizngethesqa@r 4 osmpunee ahd a exmptieclréadable
such an application as a racing ganme where background

I infugeatidr ecwddirgmediemplt@yrey thel pasprarnf andeo applanthdsy t@esalizing a
attention) are generated in real tine. [0072] Then,
ahtiap ghine ofl himudtivg gamet wigers eapithréudinensionaldpaghi¢dprocsghes are
the 15 above-described repetitive steps S506 to step
Sbdullreds areptoShftty] réédy techiquespatcefor pravidihg viraai egrriences of various
buffer is transferred to a display device at a
5uwepdsi cal synchroni zation signal cycle so that the
generated i mage nay be displayed (step S511), and the
present process is termnated. [0073] As described
above, according to the present enbodinent, it is
possible to 20 generate three-di nensional graphics as
rapi dly as possible, by reducing the nunber of

pol ygons to be the object of calculations. [0074] The
present application clains priority based on Japanese
Patent Application No 2004-275722, the content of

which is incorporated herein in its entirety.

I ndustrial Applicability 25 [0075] As expl ai ned above,

it is possible to provide an i mage processor and an

i mge processing nethod which are suitable for

draw ng an object placed in a virtua

t hr ee-di nensi onal space and made up of pol ygons by
reduci ng the nunber of polygons to 21 be processed, a
program for realizing these on a conputer, and a

conput er-readable information recordi ng nmedi um

storing the program and to apply these to realizing a
raci ng gane or an action gane where rapid

t hr ee- di nensi onal graphi cs processes are required,

and to virtual reality techniques, etc. for providing
virtual experiences of various 5 types.



22 CLAIMS [1] An inmage processor, conprising: a

storage unit which stores each of a plurality of
pol ygons naking up surfaces of an object placed in a
virtual three-dinensional spacep in association with
any of surfaces of 5 an approxi mate pol yhedron which
approxi mates a shape of the object; a determ nation
unit which determ nes whether or not each of the

surfaces of the stored appr @ATMSE pol yhedron can be

seen, in a case where the virtual three-dinensional

s plgc eAh smadrsmosssorat@ngrisingr edet er mi ned si ght |ine
direction froma predeterm ned viewpoint; and 10 a
generadtbge Uit hidh téregemdroftaguralityl ofpaBgoasmaking up&drfaces of an
along the predetermined sight Iine direction fromthe
poejdetpiosd e d vithaiieéadimenkiopall space) & asaeaiatipn Wigh any of surfaces of
plurality of polygons stored in association, that are

5aais aypratiathterpdlpheslvod aheh approkiraatappsiept Bhthe object;
pol yhedron that are determ ned by said determ nation
uni t adeteratinhiz@nunsteehich d2grniines wirether q@rme eschaf the surfaces of the
according to claim1, 15 wherein each of the plurality

oftofedl apgrxsmats pdiybiednican &8 Sexd, Ai 4 ca3e whete theieittual three-dimensional
surface of the approxi mate pol yhedron, that has an

osasa iscoberved blong Reprydetdrmididdodigha ine direetiot froio b peddetermimed

of that polygon fornms a smallest angle. [3] The inage
pyieepsh®randccording to claim1, wherein: said

determ nation unit determnes that a surface of the

10appr oxgénetaiod inpolhible gerehatedh ibeigs R dbsdriedaloAg the\Wieleermined
an angle forned between a vector representing the

skight lild difectlbh €6in the pegddteamined tWwavpdintps My 3086, aiion@fthe plurality of
that surface of the approxi mate polyhedron is between

apgly gotat sedrad eghsdaussn, khathie Baghacdwith aujfsced of tenppdimate
upper limt angle; and the predeterm ned |ower limt
apgllybedren gt aregleeermipedl byt saidodetamahdtion unitas cbetageaes

25 and the predeterm ned upper Iimt angle is 180

dEYr €Bise injad} pidvessomagwrdingceslami laccording to claim 1,

15 wherein each of the plurality of polygons is stored in association with such a surface
of the approximate polyhedron, that has an outward normal line with which an outward
normal line of that polygon forms a smallest angle.

[3] The image processor according to claim 1,
wherein: said determination unit determines that a surface of the approximate

20 polyhedron can be seen, in a case where an angle formed between a vector representing
the sight line direction and an outward normal vector of that surface of the apbroximate
polyhedron is between a predetermined lower limit angle and a predetermined upper limit
angle; and

the predetermined lower limit angle is an angle equal to or smaller than 90 degrees
25 and the predetermined upper limit angle is 180 degrees.
[4] The image processor according to claim 1,

wherein: said determination unit determines that a surface of the approximate



wherein: said determnation unit determ nes that a
surface of the approximate 23 pol yhedron can be seen,
in a case where an angle fornmed between a position
vector of a representative popgt included in the
approxi mat e pol yhedron, whose origin is at the
vi ewpoi nt, and an outward nornmal vector of that
surface of the approxi mate pol yhedron is between a
predgetiermianda seenyen a kaseiwheangrh engle ébranef betheteararpongidn vector of a
upper limt angle; and 5 the predetermned lower |imt
aneplegentativarpoartghatudwlialthd apposxisuaee podyhetitvan whosedarigie é&sat the
and the predeterm ned upper limt angle is 180
degwpaat, ahd hn dinevardragrengd vea essfGhataacfacdo fite tpprokiaate Aglyhedron is
wherei n: the approxi mate pol yhedron is a pol ygonal
Cldtwean arprieddtecninedi fomer i ihesangldandobpredétemnidedappeoiiniit angle; and
surfaces contacts a ground in the virtual
5t hr eehdpredetsintined losyeadiaiit anb(e islhaa apblereglialtty oosmplodrylyor®) degrees
are stored in association with surfaces other than the
saridfthe predewdtmiaitd nppdrhienigarglan; 1 8anidgsas.d det er m nati on
unit determ nes whether or not the surfaces can be
sié¢n Thexmegs probémosatcbriieg wandiact,i ng t he ground. [ 6]
The i mage processor according to claim1l1, 15 wherein:
t he afteE«xi thebpprprinydiepslghedron & il ygmabdolemnevhidhi cilfcumscribes
circunscribes the object, and its bottom surface
cthebbetisand ogie @fi itd surfadek eontadts b @kounkirie erediiredl shreadimensional space;
space; the plurality of polygons are stored in
10assochapliumhityw  pol ggirk acesoret ke assbbiation vith shfades ther than the
surface; and said determ nation unit determ nes
whuefabecomactingithd freusdirahdces can be seen, except 20
the bottom surface. [7] An inage processing nethod
per f gaideldtdomirfioh Ny deeiromes sdethe oofxidt shengirfacst @hdgaeen, except
unit, a determ nation unit, and a generation unit,
sthe durddcercagacting thegtamidng each of a plurality of
pol ygons nmaki ng up surfaces of an object placed in a
Vel t d&e imhgeprodessenaiconiatg ®@daim 1,i N associ ation with
any of surfaces of 25 an approxi mate pol yhedron which
15appr oxierah ethe apmhaineat® polyheiroi jsecpqlygonal cone which circumscribes the

object, and its bottom surface contacts a ground in the virtual three-dimensional space;
the plurality of polygons are stored in association with surfaces other than the
bottom surface; and
said determination unit determines whether or not the surfaces can be seen, except
20 the bottom surface.
[7] An image processing method performed by an image processor comprising a storage
unit, a determination unit, and a generation unit,
said storage unit storing each of a plurality of polygons making up surfaces of an
object placed in a virtual three-dimensional space, in association with any of surfaces of
25 an approximate polyhedron which approximates a shape of the object,
said method comprising:

a determining step at which said determination unit determines whether or not each



said nmethod conprising: a determning step at which

said determination unit determ nes whether or not each

24 of the surfaces of the stored approxi mte

pol yhedron can be seen in a caga where the virtua

t hr ee- di nensi onal space is observed along a

predeterm ned sight line direction froma

predet erm ned vi ewpoi nt; and a generating step at

whf thih sedacts géthersatredapproxitagepidylaidem an bHersaerein @aGase where the

observed 5 along the predeterm ned sight line

divireal these-dimensibdied space dedleserded etbngi aepypddterininaf sight line direction

pol ygons, anong the plurality of polygons stored in

afrencd priedl@ermihébtieapeingamdci ated with surfaces of the
approxi mat e pol yhedron that are determ ned at said

det eragdnersging tsep adshichasaidyens@don uhid perferates an image, as observed
comput er -readabl e i nformati on recordi ng nedi um storing
5aalphg gregprededermiddd sightline ldirectipnafrara mipupredetéenihetheieivpoint, of

as: a storage unit which stores each of a plurality of

ppbly gorss arradkg thg plyralstyrdfpoBgond stamred 1o Bjsecihtigpn, Al drd d3séciated with
virtual three-dinmensional space, in association with

anyfaets sfitht apmoxipiate polyhgpomtiatae elefeamited dr euid dbte@hining step as
approxi mates a shape of the object; a determ nation

ucdrt bedeen.h det er m nes whet her or not each of the

surfaces of the 15 stored approxi mate pol yhedron can

bE8]s eRrpmipttetreudsisle Wifermatidharestrdingahedilivh 8®ritignepisgramator

space is observed along a predeterm ned sight |ine
10decsreailingna Eormapnter tp fasteioarass ned  vi ewpoi nt; and a

generation unit which generates an i nage, as observed

al onm $tbragp neid ehishrstsresleachiofatpliralig dfipoBebhomakihg fip tstfaces of an

predet erm ned vi ewpoi nt, of polygons, anong the

pbbieet dldcgd o a vzthapthirgegdingensibadlegaden irssedatidn with atyhé@tsurfaces of
are associated with surfaces of the approximate

pat yppeoxioratd prdyhearen dkickmapprogindiys & stiage détherabjaegt | on

unit as can been seen. [9] A programfor controlling

a conpddtamibaiohumétwitoh deternainet whether armiot cadhi aftthesuofaess of the
each of a plurality of polygons maki ng up surfaces of
1 Sastoredizppriximpita etyhedroa can bt s, inhy @xse dihorerthée ointailal three-dimensional
space, in association with any of surfaces of

space is observed along a predetermined sight line direction from a predetermined

viewpoint; and
a generation unit which generates an image, as observed along the predetermined
sight line direction from the predetermined viewpoint, of polygons, among the plurality of
20 polygons stored in association, that are associated with surfaces of the approximate
polyhedron that are determined by said determination unit as can been seen.
[9] A program for controlling a computer to function as:
a storage unit which stores each of a plurality of polygons making up surfaces of an
object placed in a virtual three-dimensional space, in association with any of surfaces of
25 an approximate polyhedron which approximates a shape of the object;
a determination unit which determines whether or not each of the surfaces of the

stored approximate polyhedron can be seen, in a case where the virtual three-dimensional



25 an approxi mate pol yhedron whi ch approxi mates a

shape of the object; a determ nation unit which

det erm nes whet her or not each of the surfaces of the
stored approxi mate pol yhedron ¢gan be seen, in a case

where the virtual three-dinensional 25 space is

observed al ong a predeterm ned sight |ine direction

froma predeterm ned viewpoint; and a generation unit
wipachisgpbeaved elsnga pratagenined sigghs Bne didecsionfignt & eredetermined
predeterm ned sight line direction fromthe

pviedpdiat;mnded vi ewpoi nt, of pol ygons, -anong the

plurality of 5. polygons stored in association, that

ar e asgeaeradbe dnivivthichsgemt@mes andmapd) @s apgpreed al@igethe predetermined
pol yhedron that are determ ned by said determ nation

ugiglit 1me démotidieomabepredetermined viewpoint, of polygons, among the plurality of

5 polygons stored in association, that are associated with surfaces of the approximate

polyhedron that are determined by said determination unit as can been seen.



