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apparat'us for processing Images 5 Technical Field The present. | [ on
rel ates toVQ %&#Hdd of and an aparatus for processing an iﬁ%ﬁéﬂ¥@&é press
the shadow of an object which is created, by the radiation of light froma
10 light source, cast on another object aisposed t her ebehi nd, based on the

| ayout of a plurality of objects generated by three-di nensi o, a
recordi ng medi um whi ch stores a proBF%ﬁRFBTI @rforning suchmmmMMWWWWMMMF
processing, and a program for perform ng such image processing.,gla..
Background Art . Recently, various conputer graphics (CG processing

techni ques including hidden Jine processipg, hidden syrface renoval, snooth
shadi ng, texture mappi ng'?%éqdlc?"?ﬁa?\PBa'B‘gtéﬁ ﬁg‘ Rﬁ%er'cléﬂ?gaglnepeﬁr ogress in

conmbi nation with growi ng hardware advances. According to one general CG
processi ng procedure, a plurality of three-dinensional figures (objects)
are generated according to three-dinensional nodeling of CAD, and 25

col ors5 and shades are applied to the generated objects. Then, optical

characteri@tiﬁs inilygigg mrroring, diffuse reflection, refraction,
t ranspar ent§ PBEEA of &8dfded to the objects, and surf ace patterns are

EEPLLZSH;?eth§U?$.3§%§HSL§;Eégghgﬁgnggéggggggﬁéda §e§ﬁgggﬁﬁ%0/o 1E'zlilr?d?ps"(:enes
o r o Lechgapld EbE"heb B8535, b LIEEo, SUELLRY | IRNELASH B e
viewpoint {gheae! LR ¥S0rdlehd by 2nB" 25638+ 2bnSAR" GIYIY Al Shadow of
10 light source, cast on another object disposed therebehind,
based on the layout of a plurality of objects generated by
three-dimensional modeling, a recording medium which stores
a program for performing such image processing, and a pro-
gram for performing such image processing.
15
Background Art

Recently, various computer graphics (CG) processing
techniques including hidden line processing, hidden surface
removal, smooth shading, texture mapping, etc. have been

20 making rapid progress in combination with growing hardware
advances.

According to one general CG processing procedure, a
plurality of three-dimensional figures (objects) are gener-
ated according to three-dimensional modeling of CAD, and

25 colors and shades are applied to the generated objects.
Then, optical characteristics including mirroring, diffuse
reflection, refraction, transparency, etc. are added to the

objects, and surface patterns are applied to the objects.
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an object cast on another object positioned therebehind based on the | ayout
of a light source and a plurality of objests. The |l atter process, rather
t han t he sWadbsg24cannot be perforned by techni ques ot her t REE/JROUAIGH y
costly ren 10 dering approach such as ray tracing. If no high cost should
be incurred such as for real tinme rendér¥ng, then it has heretofore been
customary to ap proxi mate such a shadow wi th perspective projection onto a
si npl e pl aRershernereengurmyndfiing sittprgitngurses yemdgsed 1% @ r.clwdn- n
addition, if the light source has a certain size such as a flame, it is
extrenel y dowki snft scenespeasss refiddécted pnddddaditbyamise areghimtandused.t is
therefore an object of the present invention to 20 provide a nethod of and
an appar at us f oFhpddagsdisngoxerngdgdyt thex gizestdoagows Wiimes anraal to a
plurality of objects arranged in a conplex |layout or a shadow with respect
to an obj etP Palyegns tbay makehapeanagobdestdiang tbd yhewrdntstfores a
program capabl e of sinply expressing such a shadow 25 or shadows, and a
progr &m f oA 1gk{r ¥a¥isng Jherea ishadpwosesshadow¥prrassing tdyg ashadew wafe
present invention is to provide a nethod of and an apparatus for processing
an i mage s@na®bfect west0n42nether/ $P06FH1 PPFitignede té’lﬂr@r{%ﬂg\e’fecti vely
express a shadow with respect to an object, a recordi ng nedium which stores
a program P88l eroftheelagomferf 8xpiabsi §§uxcehaddyanPiGaddidc 0% ®ban
object, and a program for selectively expressing a shadow with re spect to
an obj ect. JSELE- addehdtdsTe PrOSLSEhe TRLEEEN AR &S ShadinG HAAUe a
nmet hod of and an apparatus for processing an_ imge so_ as to be able to
easily appP¢ PEFfoFMesk pycitechndques BERED f§arn 2 Bdeddy P sFithd v wi t h
respect to _an ,og ect, a 10 recording nmedi um which stores a program capabl e
n

of ea'lﬁ |y SE5HPONGPPECAGHS Sé‘FPe@f’sr A éfﬁfégé‘i'ng_ a shadow with respect to

o DLt A g oS O S ARY  BASLDUS B gk 1 G essing

I nvention %im%orendering, then it has heretofore been customary to ap-
proximate such a shadow with perspective projection onto a
simple plane or the rendering of a simple figure such as a

15 circle.

In addition, if the light source has a certain size
such as a flame, it is extremely difficult to express shad-
ows produced by the light source.

It is therefore an object of the present invention to

20 provide a method of and an apparatus for processing an image
to express shadows with respect to a plurality of objects
arranged in a complex layout or a shadow with respect to an
object having a complex shape, a recording medium which
stores a program capable of simply expressing such a shadow

25 or shadows, and a program for expressing such a shadow or
shadows.

Another object of the present invention is to provide a

method of and an apparatus for processing an image so as to



15 provide a nethod of and an apparatus for processing an inmage so as to be
able to easily control shadow blurring anong various effects on shadows for
easily exﬂW@QéPﬁ64a nore re alistic shadow, a recording medPGRMEHYEA st or es
a program capabl e of easily expressing a,nore realistic shadow, and a 20
program for easily expressing a nore reafistic shadow. Yet still another

obj ect of the present inpvention is to provide a nethod of and, an apparat us

for proceRf P Frefelectively HPERTe RoSBALPYyWEkr EESPECHr 5Pelled

i mge of an extended |ight source such as a flane and a shadow produced 25
by such arPRi&Ehded FeohtdEndmedivm wobrli AEORREI AnPRRFEATSEBPEELE Blrogram
capabl e of easily expressing a projected i mage of an extended Li ht source
such as a.??%ﬁﬁ;%#ﬁﬂ %?Eﬁﬁékkﬁgd%c%ﬁa%?wsﬂ% h regReEhIED PRGR jg&ﬁrce, and
a pro VI%§£/54224 - 4 _PCT/JP0O0O Ol;iQ gran1for easilg §x rei hn% a

pr o] oct ed TR BFORHAEKE SRR PP T LB LR eaehn s aaSPRIRE HAdha ERadow
produced by such an extended light source. 5 Disclosure of Invention A

met hod of %P%ﬁ%sg?n@naﬂb?ﬁﬁbe according to the pre sent invention conprises
the steps of es%ﬁgi'shin

at least _one virtual plane fromthe. |l ayout of a
plurality of obfbLtl GRABRSY cPPBSCE HPEcthPnBREPERAI LRUABIEAD, 1anko
i Ght - sourRECBLa8 9 BABBPA OF oFRE HER BPBRESES: TS PAPEREFLPPOAR HOSGGH
casi Iy a oract 67 BSprbla foy 8r ThB BRPLYarrEADYa PALOmAREr £5 | ayout
mmy ur e neb - Ebkapd IR RepkPafingrh cEhrAPK R ERENBRE KD, BB rBT<Eter Fout e

as._t 9o Whet Pgg o4 hen SNRIRN I Suh ok s EXPLE S °Hx 88 bR APhBILS oM ehisdhly SOUT ce

processing a
applying various effects in expressing a shadow with respect

to an object, and a program for easily applying various ef-
fects in expressing a shadow with respect to an object.

Yet another object of the present invention is to

15 provide a method of and an apparatus for processing an image
so as to be able to easily control shadow blurring among
® various effects on shadows for easily expressing a more re-
alistic shadow, a recording medium which stores a program
capable of easily expressing a more realistic shadow, and a
20 program for easily expressing a more realistic shadow.

Yet still another object of the present invention is to
provide a method of and an apparatus for processing an image
so as to be able to easily express a projected image of an
extended light source such as a flame and a shadow produced

25 by such an extended light source, a recording medium which
stores a program capable of easily expressing a projected
image of an extended light source such as a flame and a

shadow produced by such an extended light source, and a pro-



20 tributes of the objects, and selectively expressing the shadow on the
obj ect based on the shadow expression attrib ute. In this manner, the"
shadow maywsedosaizsvel y be expressed with respect to the obj ecrurooot119
Specifically, the nethod may further conprise the steps 25 of establishing
a shadow pl ane which serves as a texture4plane corresponding to the virtual
pl ane, rendering the shadow of the object formed by projection onto the

vi rtual pl gramofiorheashagoexpirass)ingnd mpappiectedhdmalyed@f raendertechdedND

00/ 54224 PCT/JP00/ 01119 - 5 on the shadow plane onto the other object by
way of texflagatnaepprreg. stkh asep dilameppndg at Istasiowd prroduced ey ciuwdy

obj ect by way of texture nmapping may conprise the step of mapping the 5
shadow ont ant kxtended dbjghtt sbprwey of texture nappi ng based on projected
coordi nates of the other object onto the virtu al plane, or with respect to
each of polygons of the other object. The nmethod may further conprise the
steps of determin ing coordinates of the objects with the Iight source as a
Vi ewpdi nt , Pdetcdosamengfploveatdédncoor di nates of the objects onto the
virtual plane successively in a direction away fromthe |ight source, and
rendering the sBatewhbdr védprpcelss iolg @nt inagehecsivaddngltanaheageeon t he
projected coordinates 15 each tinme texture nmapping onto one of the objects
is fin i sheentTHaveation eemphiselsetheompeipse ofhesdaddd sgfingetadr nligfdthg t he
coordi nates of the objects and the projected coordi nates of the objects
onto the vioneuyintuade pliane faopedher daypuda®f @ pdoinpddty off diastjsect s,
regi stering the determned coordinates in a rendering |ist successively in
t he direct gsmeaadedi bymthire el-iddmensdongd, medle 1dmgoe 5idy @xpressding & he

regi stered coordinates fromthe rendering |ist for rendering the shadow on
t he difadowshagiew ofsthe odJgcsf prapiestied emtecttheowiFdan)f inkang Ry éh t he
shadow rendered on the shadow pl ane depending on at |east the distance from
the |ight Jdd@hde SPYTCeh&SelSy VASHPPLRG -a OB tHher OLteE ts Hdddw ide F&TENRF on at

| east the distance from WO 00l 54224
from the light source than the object.

With the above method, it is possible to express easily

a shadow on a plurality of objects arranged in a complex
15 layout or a shadow with respect to an object having a com-
plex shape.

The method may further comprise the steps of defining a
shadow expression attribute as to whether the shadow is to
be expressed on the objects in light source processing at-

20 tributes of the objects, and selectively expressing the
shadow on the object based on the shadow expression attrib-
ute. In this manner, the shadow may selectively be ex-
pressed with respect to the object.

Specifically, the method may further comprise the steps

25 of establishing a shadow plane which serves as a texture
plane corresponding to the virtual plane, rendering the
shadow of the object formed by projection onto the virtual

plane on the shadow plane, and mapping the shadow rendered



- 6 PCT/JP0O0/O1119 the light source. In this manner, various effects, such

as blurring, etc.) can easily be applied to a shadow expresse it h respect
to an objégQPWTﬁé met hod may further conprise the steps of Fﬁ?@%%%nf%&ing

the shadow rendered on the generating shadow plane when it is expressed on
t he object, according to rendering depending on the shadow before it is
subject to

| i tering, hadow after.it. is subj |
Pt MR AP PPERNAL, By 4RI, b

processamm%égiéﬁereby controlling the blur of the shadow. Thus, blurring
can easily controlled for easily express ing a nore realistic shadow.

The met hod nmay qfﬁ’étél:?é C frprc_iise. t he ste%ga(?%%péﬁg%ggvﬂ%l §ﬁégg‘:gég%§giﬁadow

planeband a generatlng sha owP%+%ﬁe:%% ) ¢ ztgne

h j i { , i t

Fendered oiet i RERLES TEuRLhS ey LAhBRFRS CHEETEFEpcrEcRERN Srane.
d, h 14 h h f had I [ d, b f
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rendering g RL0)SCLedy | B0 PhatlE BRI YOO ARLO LISoXL LHEL BhANG. 98,2 new

conbi ned sha e genéerating shadow pl ane. € Shadow

render ed t nerat.d S | ane_ 1 S cOpi t e shadow
pl ane, Ioagbéggngg'fé?f%??%gpﬁg§&%g e f%% edggnsgﬁggéﬁgdgﬁl?g%déﬁgggon t he
gen eratingfgggpM/plane. In this manner, various effects, such as

blurring, ett., can easily be applied to a shadow ex pressed with respect

Lo an obj ect . oD A0L542%ey PEILIROD! QY Jhec B! Bodommye! Hok e fombr i se

the steps of preparing, 1n addition to the reference shadow plane and the

genej gt i ng; shadlods @l f8€e &S0k Nens NGHPUEPL %ﬁ%at§é6595§'engoagegowspgane

which is a texture plane corresponding to a background vir tual plane

di sposed befdwsbihe, OBt ELimiRiRE PrOFESEEE c¥biBinates of the objects
onto the virtual plane successively 1in a direction away from
the light source, and rendering the shadow formed by the ob-
ject on the shadow plane based on the projected coordinates

15 each time texture mapping onto one of the objects is f£in-

ished.

The method may further comprise the steps of determin-
ing the coordinates of the objects and the projected coordi-
nates of the objects onto the virtual plane with respect to

20 each of polygons of the objects, registering the determined
coordinates in a rendering list successively in the direc-
tion away from the light source, and successively reading
the registered coordinates from the rendering list for ren-
dering the shadow on the shadow plane.

25 It is preferable to effect low-pass filtering on the
shadow rendered on the shadow plane depending on at least
the distance from the light source for thereby applying a

blur to the shadow depending on at least the distance from



the light source as a viewpoint, rendering a shadow fornmed by projecting a
shadow projected onto the virtual plane onto the background virtual plane,
on the bacWgrt®azz4shadow pl ane, and mappi ng a shadow expr es $EAIBHV/QIAL
object to be 10 processed by way of texture mapping, while interpolating

t he shadow according to rendering based ®n~the shadow rendered on the

ref erence shadow pl ane, the shadow rendered on the background shadow pl ane,
and |ight Eerirkbokbosenreees b thyks ghprier . TViasions uefregteansveabi B be
controlled for easily 15 expressing a nore realistic shadow. The nethod may
further comirisingheettepscat eathlyibe appliedekeeadebafioghexpsgssedas an
initial value for the shadow plane, and reflecting the extended |i ght

sour ce andv¥hr iegpecthtelodn tdeiedt. on t he object. 20 An apparatus for
processing an i mage according to the present invention conprises first
means for estabthaqneghed maystfunikey ¢ompripe abkef $baPshel| dnbarrer a
plurality of objects generated by three-di nensional nodeling, and second
means3f or HbiRGsthg shadavioverdered obj ke genpraténdofhadow Phang rt ual
pl ane by a |ight source as a viewpoint, on the object that is farther from
the |ight ¥RRP ckt t hanexREedBed 2R . thpeobiest . neaA’TALYIcbApFEREeERRAS f or
defining a_shad WD 001 54224 PCT/JPO0/ 01119 _ g _ ow expression attribute
as to whetHeReREENGhARotiRe sShadpe kebPERstl bF FRRIGBFeEPs1PW-PR§At source
processing attri butes of the objects, and wherein the second neans_may
conpri se nEhh&e¥FHRIseFhet FRAAOV cibE@E st hgle heuBhaabwtanleNePapsj ¢t -based
on the shadow expression attribute. The second neans nag have renderi ng

means for ESTERY ashifgthe shighty pParee whPerdirrtes af theecbdpetpFanke
corr onding to the virtual plane, rendering the shadow of the Qbject

For nE8" by TRG-ERTe0n BHF ot RESRr [ SORTE DL LhaS ohe naleD Shabbs PRATEY: and
mappi ng t shaﬁﬁ rendered on thf shadOM/EI%E gn o the her obj ect by
way of texHFe: nRbBFRUR THER [SARTY nBF neAREE AbTedohF | S35 h¥ne*PEFSRapp! ng
t he shadow, onto the othei%%glect way of texture mapping based on

b
proj ect ed t60rdi TAt 8sT5F %tﬂ%?g%%]ect onto the virtu al plane, or with
respect to eacth% £8L¥88n§ fffﬁP@hgéh mSPiegtthghgtéggogg.ﬁg@gérgggthe

conpri se coordinate cal cul att ng neans Tor-detéern ni hg coordi

o i se c: . or di Rar€sof
coor  di nat bo” of ST Re s ARHEH i AR DL e rAEEMICLEATRY, DfETRET ©
coor di obf ecrs’ : . .

R R S e R S N A R b A

based on thg; PER] £EERIoROOES ARE ERe PACKOBY IR BXE USRaHBWPLHERAOPER 8RE Of
the objects is 25 finished. The second neans may conprise rendering |ist

gener at i NgtBagSnéPat G CENAALR Up1dike COREE PRE CBe PErbéN6e OBhRESG plEnkNE
proj ected coordi nates of the objects onto the virtual plane WO 00/ 54224

PCT/ JPO0104dd 9 eagh_tiwméhthesgeadow coathe Ofe POr¥QO8SsRadbREepDBnECis, and
regis tering the determned coordinates in a rendering |list suc cessively
in the direapped byayafrofm téethrghhappimgewiahdréspecenter éaghneans may
conprise nmeans for successively 5 reading the registered coordinates from
t he eénderpobygoss of one object, rendering a projected image of the
polygon onto the virtual plane as a new combined shadow on
the generating shadow plane.
Each time the shadow rendered on the generating shadow
plane is copied onto the reference shadow plane, low-pass
25 filtering may be effected on the shadow rendered on the gen-
erating shadow plane. In this manner, various effects, such

as blurring, etc., can easily be applied to a shadow ex-

pressed with respect to an object.



for rendering the shadow on the shadow pl ane. The rendering nmeans may
conprise neans for effecting | owpass filtering on the shadow rendered on

t he shadoW@P¥s24ependi ng on at |east the distance from t hBCTARHYOIN
source for thereby applying a blur to_the shadow depending on at |east the
di stance fromthe |ight source. The render ing nmeans may conprise neans for

P a0, Wi SRS el shal,on s gene uo% elpeo Blatga i 1L Lo
Do 1 4" RS, R AR o S B L qddok 39D oL
oSSt ol B Rehe B S HIS Ml e 88RO

gener 2t p I Bl St B IR A A« 0 AR AR e 0
Sen| S S5 RS S 5 B B e TS
Wit T eoDel. 4 BACH Al ROLIANS, Ol 0N 0D S6lao LIS | g fopr pUsRLEd 1 Tge

of the polygon e virtua arre "as ‘a new co adow on

gener at | g, Ao A ANF o <RSP AZRA P IFRO/ RIS, - d0, Thnceales no

means nay s for, ea adow render ed

T ect ng o bk L A U hR, OIF Vo MEREE QIR IR EABIT g
ddi i on Enasy ARLERELS SRR P o oY P LRE 0% Bane as
cor P pondiiag s SR EPous S e d sosts TFREIRte e (o

be pr ocessatladt tdbddkdilty e R R daded| GG and 801Or Lo Poghadow

formed by projecting a shadow projected onto the virtual plane onto the

backgroung,ivrdidte fil itfve Yhdd¥y RAGKEH OWitk SERRYY PFalifer 8@ o BPRENY @

shadow expressed on the object to be processed by way of texture mapping,

whi | e i nt RN AL Idithdow TRERW aGEOT0I g0 tsbuRbKledd den Dreesls 08t t bike
shadow rendered on the reference shadow pl ane, the shadow rendered on the
backgr oundsfwsow phafne, vinthdirghtcaD W LL1 BP Bl st o Died heopbi g1 1y

15 expressing a more realistic shadow.

The method may further comprise the steps of establish-
ing an extended light source as an initial value for the
shadow plane, and reflecting the extended light source and
forming a shadow thereof on the object.

20 An apparatus for processing an image according to the
present invention comprises first means for establishing at
least one virtual plane from the layout of a plurality of
objects generated by three-dimensional modeling, and second
means for expressing a shadow of the object projected onto

25 the virtual plane by a light source as a viewpoint, on the
object that is farther from the light source than the ob-

ject.

The first means may comprise means for defining a shad-



The rendering nmeans may conprise neans for establishing 20 an extended

| ight source as an initial value for the shadow plane, and refletcting 'the
ext ended | mghto/seadr ce and form ng a shadow t hereof on the oljGICIP00/#119
recordi ng nmedi um according to the present invention stores a program
conprising the steps of (a) establishingé&t-25 | east one virtual plane from
the layout of a plurality of objects generated by three-dinensional

nodel i ng, awl d€xpPress jvre 5t gl utshakow o fwidichab| ttod shiajeet ksl baotibet he
virtual plane by a |ight source as a viewpoint, on the object that WO
00/ 54224 - ebdpressddardmetrhd rabddies |imghtigourastdmprdeeodjrgtattrib-

PCT/ . TPOO/ 01119 The recording nediumw th the stored program makes it

possi bl e t atepres stienob ject shaatolv wirere ipl Ut i 4gcanid aiearetmanrcemged in
a conplex |layout or a shadow with respect 5 to an object having a conpl ex
shape. The mtige (nedammyf @o gl estsi wdiky sxreds idef | theigslaaddradonwlee polessi on
attribute as to whether the shadowis to be expressed on the objects in

| i ght Sour cieqr duessd ngn athe | dhades efprdesion extsyibwmtet he step (b) may
conprise the step 10 of selectively expressing the shadow on the object
based on the shdbioa sxpored siemnatnay thave éwieripg (hamayfeonpstales t he
steps of (c) establish ing a shadow pl ane which serves as a texture plane
corre spondihghing theshdadowaplapianehiclenskrves) ahea shexiowrefplaee 1600hj ect
formed by projection onto the virtual plane on the shadow pl ane, and

mappi ng t herespeivdingnterdee onix treak pbove pl eerdening t Hee oshadowghpEcthey
way of texture mapping. The steps (c) may further conprise the step of

mappi ng t heoklesiowt orned thie proiecHiprecenty W Girtext pbapeppi nEhe0 based
on projected coordinates of the other object onto the virtual plane, or

wi th @specthadpweaelang . MY JorRPHIJ tHee cihdowpyerdered on the shadow

plane onto the other object by way of texture mapping.

The rendering means may comprise means for mapping the
shadow onto the other object by way of texture mapping based
on projected coordinates of the other object onto the virtu-

15 al plane, or with respect to each of polygons of the other
object.

The second means may comprise coordinate calculating
means for determining coordinates of the objects with the
light source as a viewpoilnt, and determining projected coor-

20 dinates of the objects onto the virtual plane successively
in a direction away from the light source, and the rendering
means may comprise means for rendering the shadow formed by
the object on the shadow plane based on the projected coor-
dinates each time texture mapping onto one of the objects is

25 finished.

The second means may comprise rendering list generating
means for determining the coordinates of the objects and the

projected coordinates of the objects onto the virtual plane



The step (b) may further conprise the steps of deter m ning coordinates of
the objrects with the light source as a 25 viewpoint) and determnin

proj ect ed ¥@8Y#22ht es of the ob jects onto the virtual plangcgﬂg%%gg?vely
in a direction away fromthe |light sourcge,_and the steps (c) may further
conprise the step of rendering the shadow forned by the ob WO 00/ 54224
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shadow aft 'ét'é?%ﬁg%igt?éfﬁéfw€ggéstﬁéI&f&#gg%eagdo%hghlig?%h§ource

coor di nat €50 processed, TO erepy control Ping the blur

of t Sh%c&%cﬂé%ﬁéf@%%ﬂ;ﬁg%}%%ttﬁ‘f&:ﬁcw%rp{h €shh8on! ﬁgﬁgﬁéag epari ng

a reference shadow pl ane a t1ng shadow plrane as t pl ane,
and, each {d t | S r S ne a .
copying t h(;eﬂ S adio]%é)pv%goo(ﬁsﬁa%scgﬁﬁg%l%gﬁ? giégmfghde?g g%ﬁ?%é

gener at i ng; SO PR BHPride h&hSS s §§€Q9¥\6P£€ER? #Ad, sRAEBwt i me the
shadow on the reference shadow plane Is nmapped by way of texture mapping

wth re spegiadfe®ash e ﬂ?’éﬂ&ﬁﬁiﬁé HEASP] SThne FRERT 10018 Ef{ﬁrESﬁEQd
i mge of the polygon onto the virtual plane as a new conbi ned shadow on the

gener ati ngois hatowiiede; dbCoSAERs &) rédRdefihg h@épéﬁ&pﬁ%;ssnt BReSkRAQOS,
each time the shadow rendered on the generating shadow plane is copied onto

the 1ef er esg o&t PO Pl pesuiéeet t N bW RIS SEL0téLihgl | BHeOBhhABwWShadow
rendered on the generating shadow plane. The steps (c) nay further conprise
the steps &fté¢x eparis subject to low-pass filtering, and the light
source coordinates of the object to be processed, for there-
by controlling the blur of the shadow.
The rendering means may comprise means for preparing a
20 reference shadow plane and a generating shadow plane as the
shadow plane, and, each time the objects to be processed
switch from one to another, copying the shadow rendered on
the generating shadow plane onto the reference shadow plane,
and, each time the shadow on the reference shadow plane is
25 mapped by way of texture mapping with respect to each of
polygons of one object, rendering a projected image of the

polygon onto the virtual plane as a new combined shadow on

the generating shadow plane.



ing, in addition to the reference shadow plane and the gen erating shadow
pl ane as the shadow pl ane, a background shad 15 ow plane which is a texture
pl ane correspawsdeaag to a back ground virtual plane di sposed ReGWIPAG0L1E
object to be proc essed, with the |ight source as a viewpoint, rendering a
shadow forned by projecting a shadow prdi®cted onto the vir tual plane onto
t he background virtual plane, on the back 20 ground shadow pl ane, and
mappi ng a shado®hexpepdsedngnmeansobpgctompriigepmecnss&erhy eagh dfimeext ur e
mappi ng, while in terpolating the shadow according to rendering based on

t he shadowthenskaddwonenfleredf enchbe ghndvatphanshadhy phasewlises@®ied on

t he background shadow pl ane, and |ight source 25 coordinates of the object.
The steps ¢vlonthef uefhzencenphadewt hdaneepefdecddngb lowshiasg 4 léerended

| ight source as an initial value for the shadow plane, and reflecting the
ext ended | Lpat osotheeshadow vendersd2on thesgenpgraitidJda sHRd@ywPLA&€eof on

t he object. PCT/JP00/01119 A program according to the present invention
conpr Bses t he sThpsrendexjngsmabnpshpigcamprdsst mead sy fofruPrepagd@d.r om t he
| ayout of a plurality of objects generated by 5 three-di nensional nodeling,
and (b) expheadfdgianskadsheorefptenppeshagpy) Pdedg @Rdo thige IeNEX@INS ane
by a light sour ce as a viewpoint, on the object that is farther fromthe

| i ght sour eBagpgnpripBeoBpethe YhadovWhPlapeye apPegkaFous de SRAGO¥] Pliane s
possi ble to 10 express easily a shadow on a plurality of objects arranged
in a conpl ¥RiFBy &8t aotextyRgdBhaRpt FOFESFPORALHdakColsj SECKIFPIRG ¥iTonpl ex
shape. The above_and ot her objects, features, and advantages of the present
i nvention #8231 BdeBreddsPEssFpRrBARAf £EBMA PRICES 81 PEWPKGCESSES pPid®R when

taken in conjunction with the ac conpanying dr mjn%§ in which %referred
enbo&Pnent§h8leﬁBt source as a viewpoint, rendering a shadow formed

by projecting a shadow projected onto the virtual plane onto
the background virtual plane, on the background shadow
plane, and mapping a shadow expressed on the object to be
processed by way of texture mapping, while interpolating the
15 shadow according to rendering based on the shadow rendered
on the reference shadow plane, the shadow rendered on the
background shadow plane, and light source coordinates of the
object.
The rendering means may comprise means for establishing
20 an extended light source as an initial value for the shadow
plane, and reflecting the extended light source and forming
a shadow thereof on the object.
A recording medium according to the present invention
stores a program comprising the steps of (a) establishing at
25 least one virtual plane from the layout of a plurality of
objects generated by three-dimensional modeling, and (b) ex-
pressing a shadow of the object projected onto the virtual

plane by a light source as a viewpoint, on the object that



present invention are shown by way of illustrative exanple. ' Brief
Description of Drawings 20 FIG 1 is a block diagram of an entertai nnent
appar at us R e¥F24g to the present invention; FIG 2 is a dPagdBeo1119
illustrative of a drop shadow ng process according to the present
invention; FIG 3 is a functional block di agram of a drop shadow i ng neans
according to the present invention; FIG 4 is a diagramshow ng details of

an obj ect iSnfETHAL FFamdhe Right squree fhaf hsHIMERE details of a
vertex data WO 00l 54224 PCT/JP00/01119 - 15 file; FIG 6 is a diagram
showi ng det ai | 6 ZeGoRAg meddumy Withy §haFirRd BAUEICTi BYFef F a
various set ting processing neans in a drop shadow ng process according 5
to a fi rsPoér?dﬁ’gierretrﬂ PRars Hasddit a Q%P B ®LUWF3Li LY tehcPonal

bl ock diagram of a rendering |list generating neans .in_the drop shadow ng
process ad&Gt® iAFFAIehdT iF SOMMKi HAFRUHIOF e AW R FEFBRCtRIG 9
is a functional hlock diagramof a rendering 10 nmeans in the drop shadow ng
process adCorddl RPISFE A INE @ SARESHE APt he present invention; FIG 10
is a diagram shqow ngq an effective area where the drop shadow ng process is
effective w t h TSP ((R)a TR FOMBTGHER T e tals ¢ (eiphn 1 &9 2 Grhgfiam
illustrative of perspective trans fornmation of an object onto vj rtual

bl ane; | FI @Y FXREPRS L GERRIIHAR 7 G MEHER tREp a1t ) 0 BF ¢ he
drop shadow n ro ess1§$cord'n to tgf.first enbodi nent of the ﬁregent
i nvention;® 84 o8 e 9y AR o LIPS SRR RFCTHRS P p2 EhEHPowi ng

14T S s TR U SRR a T Dieraton bf TRE GAPTOLES SEREi ABCP
pro%ﬁ§8in%f“%%f%éékJéf&Q&?ré%g¥¥ﬁM€E£ shadow on the object based on
the shadow expression attribute.

The step (b) may comprises the steps of (c) establish-
ing a shadow plane which serves as a texture plane corre-
sponding to the virtual plane, rendering the shadow of the

15 object formed by projection onto the virtual plane on the
shadow plane, and mapping the shadow rendered on the shadow
plane onto the other object by way of texture mapping.

The steps (c) may further comprise the step of mapping
the shadow onto the other object by way of texture mapping

20 based on projected coordinates of the other object onto the
virtual plane, or with respect to each of polygons of the
other object.

The step (b) may further comprise the steps of deter-
mining coordinates of the objects with the light source as a

25 viewpoint, and determining projected coordinates of the ob-
jects onto the virtual plane successively in a direction
away from the light source, and the steps (c) may further

comprise the step of rendering the shadow formed by the ob-



25 process according to the first enbodi nent of the present in vention;
FIGS. 15 and 16 are a flowhart of a sequence of opera tion of the
renderi ng Wado/sgeazer ati ng neans in the drop WO 00/ 54224 PCUTIROOIN1919 -
16 shadowi ng process according to the first enbodi nent of the present
invention; FIG 17 is a diagramillustral?ve of the insertion of a packet
into a rendering list; 5 FIGS. 18 and 19 are a flowhart of a sequence of
opera tion jefctt lpa rtdved ehiatdpwraelene rbasesl dmoiheh oo evek g9t coessd boatesli ng
to the first enbodinment of the present invention; FIG 20 is a diagram
illustratieaaf time fexrtatdeomayfp inth rem tandnge mfivititee radyi egiss obs af s r t ual

pl ane by a distrib uted Iight source in a drop shadow ng process according
to a second.shesodi nrent of the present invention; FIG 21 is a diagram
illustrative of the manner in which a generating shadow plane is subjected
to | ow pass fil thre mfegeddndimay duntiedicmprisd rdm stephtoSadetterto 15
express the extent of a blur (penunbra) depending on the distance, in the
drop shadowimging ddes copgubimdites taf tihe sdri@ear st thentpdjedieedprezent
invention; FIG 22 is a diagramillustrative of the manner in which a
gener at i ng ostidates @fe tihe Abjestednte |de pdsstudl fnlane wigtkaeesrede an
object is processed and a generating shadow plane is subjected to | ow pass
filtering dto eagty cforpalargons fartde aiiadis drans strdiakeriny okl de-
according to the second enbodi nent of the present invention, FIG 23 is a
di agram i | 1tgsmiqed casrdinaties nignra prandasing nlis Hraprerstiove by e okl s
according to a third enbodi nent of the present invention, FIG 24 is a
functi onal HIRRITIAFERY Frop Vg ighdetsULRE praftk s g HRhs(¢h "e drop

shadowi ng process accord ) .
10 further comprise the step of successively reading the regis-

tered coordinates from the rendering list for rendering the
shadow on the shadow plane.
The steps (c) may further comprise the step of effect-
ing low-pass filtering on the shadow rendered on the shadow
15 plane depending on at least the distance from the 1light
source for thereby applying a blur to the shadow depending
on at least the distance from the light source.
The steps (c) may further comprise the step of interpo-
lating the shadow rendered on the generating shadow plane
20 when it is expressed on the object, according to rendering
depending on the shadow before it is subject to low-pass
filtering, the shadow after 1t is subject to low-pass fil-
tering, and the light source coordinates of the object to be
processed, for thereby controlling the blur of the shadow.
25 The steps (c) may further comprise the steps of pre-
paring a reference shadow plane and a generating shadow
plane as the shadow plane, and, each time the objects to be

processed switch from one to another, copying the shadow



WO 00/ 54224 PCT/JP00/ 01119 - 17 ing to the third enbodi nent of the present
i nvention; FIFrG 25 is a functional block diagram of a rendering neans in
the drop SMAA¥H4234 process according to the third enbodinenfCBBPWW%‘ﬁresent
invention; 5 FIG 26 is a flowhart of a_sequence of operation of the

vari ous setting processing nmeans in tﬁelarép shadow ng process according to
the third enbodi nent of the present in vention; FIGS. 27 and 28 are a

fl owchart TMALEGY BhcERofIRRFALINDrsRAAPRL L 2necPRRY FBBnESEATERESr Op
shadowi ng process according to the third enbodi nent of the present

i nvent i on;StAdew 1plane g 2R gr%ﬁ@hltl@ﬁr%ﬁ?v%h%QOEnOEXEPQS§P§ﬁrSPCQ shadow
whose shape and col or vary gradually along the depth of a polygon in the
drop shaddhafPprokane b3 JerRPeG H Wae ab texturenBaBPHBAt W$?¥' t R&-pr esent
invention; and FIG 30 is a diagramillustrative of an_expression of a

pr oj ect ed SRLRfowrDfeaFh exf PRIEVIPRYH ML QR cRPItEh- a5CRIAPFARE &nBTR shadow
cast: _by the extended |ight source on an object, in a_drop shadow ng
proceds euiﬁﬁ?ﬁquw%ﬂ%.?guFQ% RADHIPHEPR R0t ¢ YHELBRESBARPENFENR BRY Best
Mode for Carrying Qut the invention Enbodi nents_in which an inage
processinQP?Hﬁ#Rﬁﬁ Shadoy .0R breceeReTRILLRPaFRRUSY BIRBEor di ng medi um and
a program 25 accordiqg to tge resent. invention are applied to an enter

tai nment appar a8 FH¥PPelf orARRgE P RHRET SFHBREE BRaFPeGSEPBc OEssPAG W | | be

WD 001 54224

descri bed beIOM/mjthhr ferencg to FIGS.. 1 through, 30. 1
PCT/ JP0O/ 04419 thqgs $§°‘§h’6% PRe® @B ’i’?eaﬂe’éﬁFgF%BPnﬁﬁﬁf‘%(pB&PHFu%slo com
rolling overall_ operati f thzﬂentertainnent

i i Uil2 f
P oparat us GePLEA rto nEhe: SokarenRed Siadng nLARGL CEPRGRARY 1RH-baFEau.

dat a, .an i e ocessoy, 18 for 5 generating i e data under the control
of the" i TEERRFHES 30 Hhe peRenoy TRASGERL GP cbhPnagacaata o RaarEpl ay
uni t plane.

The steps (c) may further comprise the steps of prepar-
ing, in addition to the reference shadow plane and the gen-
erating shadow plane as the shadow plane, a background shad-

15 ow plane which is a texture plane corresponding to a back-
ground virtual plane disposed behind the object to be proc-
essed, with the light source as a viewpoint, rendering a
shadow formed by projecting a shadow projected onto the vir-
tual plane onto the background virtual plane, on the back-

20 ground shadow plane, and mapping a shadow expressed on the
object to be processed by way of texture mapping, while in-
terpolating the shadow according to rendering based on the
shadow rendered on the reference shadow plane, the shadow
rendered on the background shadow plane, and light source

25 coordinates of the object.

The steps (c) may further comprise the steps of estab-

lishing an extended light source as an initial value for the

shadow plane, and reflecting the extended light source and



(e. g., CRT) 16, and an input/output port 20 for sending data to and

recei ving data from external devices. The nmain nenory 14, the innage
processor Ww®)oomazkst he in put/output port 20 are connected t ectrheoomimn CPU
12 by a bus 22. To the input/output port 20) there are connected, for
exanpl e, an input/output device 24 for-ehttering data (key entry data,
coordinate data, etc.) into the entertai nnent apparatus 10, and an opti cal
di sk drive £26rfiorg @ sshadpwatHerdpfiroropiheadbjictk, such as a CD-ROM whi ch
stores various pro grans and data (object-related data) texture data,

etc.). The i nmage pmomessorackdbrenimy itxesthee rpprekssn tgi revregi hieo 8 Os orep 1reses y
interface 32) an inmage nenory 34, and a display controller 36 such as a

pr ogr ammabltheCt eqmntodl (&) ,esft@blebsiithqrgt eleadie orendeir g ke il aree 30
renders inmage data in the inage nenory 34 via the nenory interface 32 in
response t Erendgdie | Xayaonmehds mupE ljady fohrobjectmigendtatié By first bus
38 is connected between the nenory inter 25 face 32 and the rendering

engi neés 30, thrkbea- dGioneamst dnesl 4ddes] ioonnenid@d( hetevgere ddingrenslyadow esf ace 32
and the image memory 34. The first and second buses 38, 40 each have a bus
wi dt h of 12heidisjedrpmxiayiesl droro dileowinttudie plenderbyncgg 1AM 008 &A224
PCT/ JP00/ 01119 - 19 engine 30 to render inage data rapidly in the inmage
menory 34. CEheas enderewppionyi e 3the Dpgpab| that Ienthertihegr i frege Wae a of
320 x 240 pixels according NTSC or PAL or imge data 5 of 640 x 480 pixels
on a real - tiishthazduree pthamltihe adfjedthes, ranging fromnore than ten to
several tens, per 1/60 to 1/30 second. The inmage nenory 34 is of a unified
menory struct ur ékeipathe afowpantdgrany s tasaeniedr aat 34n persibIenteri ng
10 area 34b (see FIG 3) in one area. The display controller 36 wites

t ext W@ dateXRRERP 82 Ghtshagdowligk alrmrablighdf okiset AT grd at ed
in the main nenory 14 into the texture area of the inage nenory 34 via the
menory i nt ¥ @ W Lendaits Ay shadey MkdereeFpert £ D r@AiiRet ng area

of the main nenory 14 via the nenory
having 'a complex shape.

The above and other objects, features, and advantages

of the present invention will become more apparent from the

15 following description when taken in conjunction with the ac-
companying drawings in which preferred embodiments of the

present invention are shown by way of illustrative example.

Brief Description of Drawings
20 FIG. 1 is a block diagram of an entertainment apparatus
according to the present invention;
FIG. 2 is a dlagram l1lllustrative of a drop shadowing
process according to the present invention;
FIG. 3 is a functional block diagram of a drop shadow-
25 ing means according to the present invention;
FIG. 4 is a diagram showing details of an object infor-
mation table;

FIG. 5 is a diagram showing details of a vertex data



interface 32, and outputs the inmage data to the display unit 16 for display
on its'digﬁbﬁ% screen. The function of a characteristic feature of the
enter tain /583far atus 10, i.e., the function of a proces P U oppi ng
a shadow on an object (hereinafter refgr{ d to as a "drop shadow ng
process"), will be described in detail be |ow. According to the drop
shadowi ng process, as shown in FIG 2, at |least one virtual plane 50 is

est abl i shed§ifPém 25 the | ayout of a plurality of objects Obl, b2 generated

by three-dinmensjgnal npdeling, and a projected inage 54 of the object Obl
proj ected onto Fﬁ@'vﬁrﬁﬁa? B&gggagosgyw& pi&ﬁ&a§g%r8§ 52 BAERKr essed as a

Farthor from t RETrgR: Eoftr EEP651PRAT PHOSSn aB=a: OTA dn BUr 1ot
(ec Fl G 51n5; EraBaRPIadenePantS. cotah PRAEVEP) RFoh By (T
appar g1 us. 1. STRARSY ABCAAMIEDEA0E. SPSGRIRSEO: AOVEREHANY the drop
hadowi ng means 160 I BoCHBCLIPRED BOOH BN Sofbd TH a3
var i ods. seltPg SHPBREE o IeRREnd M1 0BS SREn AOAOK TN G A1 ans
106, 2 e 8 109 18203 19 nd LI ge B IRANS QR e var ] ous

setting pr&f@%5|ng means ( €s an 0 nformation table 110,
52, and oot abl | SHEE 2t Fesod BRE DAL S B & i S The
?2] _ecltos Gjheaggz’iﬂ th%sgi%?"’% ia'&o@iﬁ‘g ﬁwrc}féé%sOQJc%%tréiiQ{?or{Batérpé'Efﬁ%te 110
gl sters as _many repo_r S S e nunper o gene_rate ob” J ects. a_c of the

ecores coUPEingRR U bl ST dpdala {110 (erten data T11e) o
correspondi ng 0@1%?110 is a diagram showing an effective area where

the drop shadowing process is effective with respect to a

point light source;

15 FIG. 11 is a diagram illustrative of perspective trans-
formation of an object onto a virtual plane;

FIG. 12 is a diagram showing a conceptual representa-
tion of the drop shadowing process according to the first
embodiment of the present invention;

20 FIG. 13 is a flowchart of a sequence of the drop shad-
owing process according to the first embodiment of the pre-
sent invention;

FIG. 14 is a flowchart of a sequence of operation of
the various setting processing means in the drop shadowing

25 process according to the first embodiment of the present in-
vention;

FIGS. 15 and 16 are a flowchart of a sequence of opera-

tion of the rendering list generating means in the drop



t he nunber M of polygons, an initial address of a texture table that is
used, shading attribute information (such as 25 Gouraud shadi ng), topal ogy
i nformati oW enmsz4as nmesh), a |light source processing attri RETAIPOFAIIDD] ect
| ayout infor mation. The |light source processing attribute defines infornma
WO 00/ 54224 - 21 tion as to whether a‘p’o‘?y“gon shadow is t not (to be

di spl ayed/ not to be displayed The rendering |ist generating neans screen
coor di nat e S§asiopin ga PIOGIRS Ss AACOEF d3-ngn ¢ op thjee Filad tc eo@idimeasst &f tthe
virtual PCT/.JP00/01119 be displayed or - 1/0). 104 determ nes a coordi nate
system pl @Fess0t( doyeditivates of a pol ygon shadow) of each of the pol ygons
of objects based on vertex data files 112 of the objects and the | ayout of
the |ight sourc&IS2, 1gt ds a djiagrams ijfasdrasiviened dder dinsartifpsiaihd and
proj ected coordinates in pack ets 114, and effects Z-sorting on the packets
114 in a diPaskeitodndRayp mepderiad ildist:source 52, and registers the packets
114 in a rendering list 116. As shown in FIG 5, the vertex data files 112
conprise as many¥ IfaS-ed &aandhd h@amsen dloyshardt of cpjseaueng@&f SPedft he
files registers in each record object coordinates PPljo = ( Xijo YIjO
Z'ijo ) , mhon of-thegirendenjng means in the dmop jshadqwigg jproogss, z- j2
) of a polygon of the object. As shown in FIG_6, each of the packets 114
stores t herPSGPTHE o P eoff 15 tolsPedimghite Of % AN SR iIP R HE ™0

pol ygon bel ongs, _a Z-sorting pointer fqQr use as a pointer_when the Jaacket

114 is register &dGn Ahds éh Frgm idduptgatdveedf &G faraadpiof o = (
XS 1% Yo oA AR, BTG msstiAen an 14 e Ly S0 A6 dabS BT 0 = (
1 T oAk Aol N i i i
onto the viaceld siegisntre! Phe gResshi AhTerdoliccesei vel y §akes ¢ he
P, based on A& ariod® Sath T Thd BoEaTe oo ot dre AT Phe thacket s

114, renders, e PUNIANT AN AEIHI TH X1 & ARG 9 ARl gan, Shadovs

of the polygons . splay means nage data stored in

th deri [ t i
Gata to thd raaray coptrg i R ERneE, Tt A S Vg
Processi Ng dIBANS sl Ghd At 2R £ HYAAUHAGIRAD) Trelh i1 NG A9 an 10

object information table 110 based on data entered via the 1 nput/out put
device 24, & dwad, i aBldUD 'EHGSWENG HrRAE: W2 ddidfHSiald Ng
information relative to the |ayout of objects entered via the input/output
devi ce 24 ideddifl durdinditordmtinen graldlentl iventG@ar;di nate setting neans
124 15 for determ ning world coordinates of a screen, the |light source 52,
and the virtual FanebQAd ravmidyramralilus traltdiviey © ft aHehendmyeatitirof t he
screen, the light source 52, and the virtual plane 50, and registering the .
det er m ned winrdhd ac gETdiretiosy ishapioad gileme ied sahrj@aectedl itab|lowipeess Z1 - Z4)
20 and a light source coordinate cal cul ating nmeans 126 for de term ning
| i ght2@&our del ldearicign ataesh dfinteheaniattjezit p[lsame ds ssesechnoh & lpeneordtdng
coordi nates of the virtual plane 50, and registering the Z coordinate in a
pr edet er m redthdGnw Pplargy iiah|stgiess edb .t o2 3 ofs paisewif lilteEiBg &t tehveemenderi ng
| i st generating nmeans 104 conprises a rendering list initializing neans 130
for initialconstpnthelirssregerd nginl itdte Bi®p @ hiasiviwvel e porot essadioupridarys 132
for reading records of information fromthe object

to the second embodiment of the present invention;

FIG. 23 is a diagram illustrative of a trilinear proc-

25 ess in a drop shadowing process according to a third embodi-
ment of the present invention;

FIG. 24 is a functional block diagram of a various set-

ting processing means in the drop shadowing process accord-



WO 00/ 54224 PCT/JP00/ 01119 - 23 information table 110, a file record
reading nmeans 134 for reading records of information fromthe correspondi ng
vertex dat¥OfPs€2412, a data storing means 136 for storing GSTAPPHOIMECKet s
114, a coordinate cal culating nmeans 138 for calcu lating screen
coordi nates, |ight source coordinates, &ﬂd“projected coordi nates onto the
virtual plane 50, of the polygons registered in the vertex data files 112,
a poi nter %Rﬂeﬁ?ﬁ?ﬁ%gtm%%ﬁsemﬁﬂﬂ*@ﬁn et Er Hh @i REESANF nRYBREAOB6I nt er
(Z-sorting pointer) with respect to the rendering list 116 10 _based on the
|i ght source cdok¥@i ng? ekS ot PwRchbpPpabnRlogkpdéreram g, &i A§PABAAEI142 for
inserting a packet 114 into the_record corresponding to the pointer, and an
end det er 9ARY %%ah%e1QQpPo$h@@@%%%$nPﬁacﬂﬁ§tﬂEFOFaénSrBEeggpnﬁhéﬁdthe
pol ygons that nmmke up the object to be processed has all 15 been ended or
not. As sHRPPEIMERE o thecPresemti HyveBhAsN106 is arranged to use a
ref erence shadomlglane 150 and a generating shadow pl ane 152 which
corredpond to thESvi?eudf Pl EhevwehartnetsRadsarpReRest188pT2E308 of
|l ogically assigned to the Rexture 20 area 34a of the inage ngnar% 34. The
rendering FRENERFHRUF sEREEIRI BRAGRBSHRS BRERS: fRgthet 8XPRr EPALBYALE ng
processi ng neans 154 iﬁégrgorated inth regdgting en inﬁ 30. Thettexture
expr essi ngPPPOEREsPRGOHELIAE 184 R pPIEEsCHPPERPERE RAppPRgPIEEFET188 "and a
shadi ng neans, 158. The rendering neans 106 has a shadow plane initializing
means 160 YOPTWTiing initial data Di read froman initial data file 178
WD_00/ 54224 PCTLI_PQO/ Q1119 -

24 Cgener at i ng EhaBous b ARG 182578 PfLPHIROECL A AePERBRBES: RGN BFane
sucollsi veryoF esh FEpaenare: adaAPanm, theChBngEpPngte epLpdcPiachEs
obj oct | i SrRRERHRS: B 8ha1bRLER BRPREHERR.OR, FhagBLERRY) FhvpERToh"
another o1 not T ICenAdbNe phahe P ERc L RAS R aNe VFolLt B PERGECERG ISta s n
pol yoon snadaard, eapss RRed tndlCold D8rC0FRARSTT Y HRARN, PR, ©

pol ygon shadow i eidi a o] e g f [0 i ng
attributesa?eéag§é?gghi%qtﬁggogﬁggtgpﬁggygggigﬁQFSEFeQ%f%?Héﬁﬁigﬁ%ﬁfgirface

remoygl prepessi BEbBAMENL /ST @he’ pRedBRINInYRACA BN aRAlI YgON data (pol ygon
data after texture expression and drop shadowi ng) in the rendering area 34b
while carrying pyt.hkdden aunfiageamei®yaktaatand og ba Shpiesivg ooORr
exanple, and an end determ ning neans 174 for determ ni ng whether the
processi ngpebjbheepaskatiswld4 anagestkaded iAghkte sbander sughl ast al FHams all
been ended or not. A drop shadow ng process according to a first enbodi nent
of the preanft ai suadbwopasthbghthe eatendddoldtighy sberdeopnskbadonjegtheans
100, will be described below. Prior to the description of the drop
shadowi ng pnoeedsppt Bhadowdagt p2bceksopecatriddngoftot he fonaths leabodimgnteans
100 will first be described with reference to FIGS. 2, 10 through 12. FIG
2 sh@ds t hefctheeptresknthdngeopishadowi ng process using the virtual plane
50. In FIG 2, the virtual plane 50 WD 00/54224 - 25 PCT/JP00/ 01119 is
| ocat ed between the object Obl which casts a shadow and the object (b2 on
whi ch the shadow is cast. The position of the virtual plane 50 is
det er m nedBbgti Modsi ferafdrirlydngx Ongnthef Iavepddencovered by the drop
shadow ng process.

Embodiments in which an image processing method, an im-

age processing apparatus, a recording medium, and a program
25 according to the present invention are applied to an enter-

tainment apparatus for performing three-dimensional CG proc-

essing will be described below with reference to FIGS. 1

through 30.



51n the first enbodi nent, the object Ool is projected onto the virtual
pl ane 50 according to perspective transformation with the |ight source 52
as the vi ewgoiorse24and is witten as a pol ygon shadow on a sikedgro@are (the
ref erence shadow pl ane 150 and the generating shadow pl ane 152) which 10 is
a texture plane corresponding to the virt&at plane 50. The drop shadow ng
process for dropping a shadow on the object b2 is carried out by
perform ng textaseshaup 1 FIGO agclnokntles tpdnpents appatdat usbjlectcomb2 from
t he reference shadow pl ane 150 that serves as a texture pattern. 15 The
texture coprdiseat asmafineg@Pll ek ¥eirt exasrofl 14 ngoloyegan 1c apera tdeinerofi ned
according to perspective transformation with the |ight source 52 as the
Vi ewpoi nt . ther emltes tafinmentpappiavra tusansf, o amaaiion memolrybd 4d oo isimdimed ow
with ref erence to FIG 11. 20 In FIG 11) if the light source 52 is a
poi nt | i ghvagdouse privlgeamishangde vaprd ouisv dattiaa n sino imatgeo profcessor df8 thoer
vertexes of the object Ool to the virtual plane 50 is repre sented by: Xa =
(xa*Sér Z) | pengFa¥dng (yage Sartd) tndesndheheondriolr @fc ddvedimadine CAUUL,2 Vb) of
t he shadow of each of the vertexes of the object b2 are simlarly
r epr esent e@ndc owtgutg ing phes geoeracedr dnefger dattiaotoby disw@ad0oguia’4 - 26
= (xb*Scrz)/zb Vo = ( yb * ScrzZz ) / zb PCTIJP00/ 01119 If the |ight
source 52 i(e.8.packM)ell6l.i ghd soudioputyieartpiiXapoyd) 20 (Box, seadimg Xgtavb) -
(xb, yb) FIG 12 shows a conceptual representation of the drop shadow ng
process acdeor @indg regetlivdngi datae fzomi exterpalt hevijicesent i nventi on.
According to the drop shadowi ng process shown in FIG 12, which is applied
to each object, TRepBlajgomenorshaddowthendawvge Progesisadowdpl ane (Hhee in-
reference shadow plane 150) is subjected to texture mapping onto an obj ect
and Aénder ®§tdRuErsds POFt126 @Feoceanestel tandhehdadaf CAU tIfe byolay davs
shadow fornmed on the object is rendered on the shadow plane 150 (procedure
2). The abdfe dﬂ@pt§ﬁad@ﬁPﬁd°EGPHFo@@§§ 29 .c &hered aggr IPrecE@d.i FPTni t h
the light source 52 as the viewpoint) as indicated by the arrow A A
sequence ofXPHR1GroRNs RAENK/ RY tEIEC S8¥ 15Cc oAditRg 8 HeRd ™S FStt % i¥6di ment of

t he present |nve tion wll he de
ata, coordinate data, etc.) into the entertainment

apparatus 10, and an optical disk drive 26 for playing back
15 an optical disk, such as a CD-ROM, which stores various pro-
grams and data (object-related data, texture data, etc.).
The image processor 18 comprises a rendering engine 30,
a memory interface 32, an image memory 34, and a display
controller 36 such as a programmable CRT controller, for ex-
20 ample.
The rendering engine 30 renders image data in the image
memory 34 via the memory interface 32 in response to render-
ing commands supplied from the main CPU 12,
A first bus 38 is connected between the memory inter-
25 face 32 and the rendering engine 30, and a second bus 40 is
connected between the memory interface 32 and the image mem-
ory 34. The first and second buses 38, 40 each have a bus

width of 128 bits, for example, for allowing the rendering



scribed belowwith reference to FIG 13. 20 In step S1, the various setting
processingwneans 102 generates an object information table 110, nakes

| ayout setWPiIR§¥2for the object, the screen 176) and the |i GRTIEOUHLE 52,
and sets up at |east one virtual plane fromthe lay out of a plurality
of objects (various setting processing). 25 Then, in step S2) the rendering

i st ti 104 term ~di te. t i ght
sour o’ CoothPip oS8y e oREndRt HRoPEe RasSCoOP AL &b Bher Alrage MR ane 50
(coordinatgilof a pol ygon shadow) of each of the W O 00/ 54224 27

PCT/ JP00/ 01119 pol ygons of objects based on vertex data files 112 of the
obj ects and the ] ayout .of .the |ight urce 52 tc.,. registers the

det erm ned coorﬂ*ﬁafgngﬁﬁ?gﬁsegﬁ “ﬁrﬁﬁeéfeaaBBBﬁaiRStEEQPﬁrﬁﬁgkéﬁ?9f14, and
regi sters the packets 114 succes_sively in a direction_away fromthe |ight
source 52 B@ta PEndéPi Kg2fPsP1Aess ReRAEALAG NIst §EnBRLt PEn 1pRAgE S8 tRY) .
Thereafter) in ste t he renderingineans 106 succes _sively takes the

p,S3) S
packePs 1127 P8 ¥n&BPeRIBPIAGON| &t T824 - tiME, PRELEJ20RIIRE LY OFs data of

t he pol ygo registered in_the packets 1L4. renders_the, pol ygon n

bor for ot EXPGRS TaBBRRg SRoBoRBEsnthRnashl 5P ERESROLy SORS | Fotaalthy pr oc
essing) . T]gﬁn1 58 ggggn§4, the i mage di splay neans 108 reads i mage data
stored in the (enderlng area 34b of the imge nmemory 34 and outputs the

[E?SI LSE%& TR AR hpRbRy SETAb RE B entenR BRI qRdstdrl ) 1)
! Foi . e obf'ect o ed b
he oby ect CRAFCRet R, SREETFYERS) S tRRAREe fPea 2u8 st AR 1T

droplghadog%gg BEBC?Eéea?EBKdbﬂgihoohﬁeaEEBSt enbodi nent is ended.
0 [ t )

Sequéences operation of ‘the various setting process ing neans 102, the

rendering |ist gReratbad,TEANS-194e:0d 221408 KEOUALNGAEANSHG M | | be

described bel ow with ret ence to “throug First, a sequence
of operati @ReObpthBa¥ali1aus a3kl B8 BhACEEXLNFMRARE LeAhcHdted b s | bed

bel ow with reference
main memory 14 into the texture area of the image memory 34
via the memory interface 32, and reads image data rendered
15 in the rendering area of the main memory 14 via the memory
interface 32, and outputs the image data to the display unit
16 for display on its display screen.
The function of a characteristic feature of the enter-
tainment apparatus 10, i.e., the function of a process of
20 dropping a shadow on an object (hereinafter referred to as a
"drop shadowing process”), will be described in detail be-
low.
According to the drop shadowing process, as shown in
FIG. 2, at least one virtual plane 50 is established from
25 the layout of a plurality of objects 0Obl, Ob2 generated by
three-dimensional modeling, and a projected image 54 of the
object Obl projected onto the virtual plane 50 by a light

source 52 is expressed as a shadow 56 on the object Ob2 that



WO 00/ 54224 - 28 to FIG 14. PCT/,JP00/01119 In step S101 shown in FIG

|4, the table generating neans 120 of the various setting processing neans
102 gener aae&/sEee4obj ect information table 110 based on dat PEAPEIBIIS vi a
t he i nput/output device 24. As shown in FIG 4, itens of information

regi stered in the object information tab?® 110 include shading attribute

i nformati on (such as Gouraud shadi ng), topology information (such as nesh),
and a | i ghtissdarddepr domgsitig dtitghthuwoairce) Srdiprottihe bt I0fht sour ce
processing attribute defines information as to whether a pol ygon shadow is
to be display ed eroguan tiewheeatifyrmya/thet dwpheshdHdpianedroddsy. |In the
object information table 110, an initial address of a vertex data file 112,
t he nunber iofe.polaygaey) shadavwing aleanddrldds (sfeea RIgkt (e, tihl|dovnanadend
used, etc. are reg istered when an object is generated according to CAD. In
step S102, fitem laa @ +ROM ftdvatatiisop kaggids thadin pyrddrss a2l eanlyi &k s gdrive
information relative to the | ayout of objects entered via the input/output
devi cedb 24 26 tilmacolijhec mainf aremr el of ttdis entertainmendy FEEmratye
coordinate setting neans 124 calcu lates world coordinates of the screen
176 based df?. nflhems ttihen dawrgidaded erndgramyinr RECEHENIRg dgie 19%6°P and
stores the calculated world coordinates in a predetermned array 25

vari abl e ars@doWing pRragess| s nue Wodig mitte @ inmnep reapranamg gl ¢y

| ates worl d coordinates of the |ight source 52 based on in formation

rel ative to the ThgydRorfshagowinghmeans G ilghde A5 Goibrdbelow
PCT/ JPO0O/ 01119 - 29 stores the calculated world coordinates in a
pr edet er ni ¥t mefetangaie BGh 2 thppudbd di Mt Shai i Hy Mans3 124 al so

stores the type of the |ight source 52 entered via the in ut/out(g)ut devi ce
24 it préﬁ%ﬁ@’%%@d‘%"}wwé‘ﬁa&bﬁ e100 has a various setting process-

ing means 102, a rendering list generating means 104, a ren-
dering means 106, and an image display means 108.

The various setting processing means 102 generates an
object information table 110, makes layout settings for ob-

15 jects Obl, Ob2, +<++, a screen, and a light source 52, and
establishes at least one virtual plane 50 from the layout of
the objects Obl, Ob2, =*+--.

As shown in fIG. 4, the object information table 110
registers as many records as the number of generated ob-

20 jects. Each of the records contains an initial address of a
data file (vertex data file) of vertex data (object coordi-
nates) of polygons that make up the corresponding object,
the number M of polygons, an initial address of a texture
table that is used, shading attribute information (such as

25 Gouraud shading), topology information (such as mesh), a
light source processing attribute, and object layout infor-
mation.

The light source processing attribute defines informa-



5 area Z3. In step S105, the coordinate setting neans 124 sets up the

| ayout of the virtual plane 50 based on the position of the |ight source 52
stored i nWH8Y34224y variabl e area 72 and the |ayout infornaf?ygpqgfmb‘lgj ects
registered in the object 10 informatign,table 110, calcul ates world

coordi nates of the virtual plane 50, an& stores the cal cul ated world

T aht Sourcddt chpants BT A1 Db arRades Tl Eal BeealppbAredotfee
Che i rtudiopl G 9 L4F s/ nal o g SLrPLaYedared/ 23-and the posi i on
of the light squrce 52, and stores the Z coordinate_of the calculated world
coordinatesi11ib?n%ﬁﬁﬁ%ﬁ+99mi9%ﬁr%ﬁp%EﬁFﬁﬁgemﬁ?Bﬁ ¥84 éﬁtﬁFW%Pe§tEp S105,
ended. A SUT: o0 SHRTSR | BYF LM 1fb | Lo0Er FAB PP CoRBILRaES) AEohEMs 104
Showr® | n A8 BEOITHESY BTG T (OF of Rp ok T 2ERATABARES 130 {RPDFA es the
104 st or e\ 4F8% ¢ s Py ol PR ErT ey 887 Bk B idba® Sicbn) 94200 -
reg aster Tecth Lapt SRl affs FLigh b dahEnkrRoahaBess Algudhs "
i or mat| oHETaRF e 1EE TG BYsedfal "FRe FERuer PRy rrer ysher SeERE reans
ol yaon. - tharehycheRRHIRH Prpbane Al BEEEpLERET bBbru AR Y s 3 BRRE" (e

dat 2§11 0 TPRRS 138 SLERs - Sbe 4B oNALHE PAcRePECKSY Lhta Hereby

initralizing the pa ., the a storing means 136

stores an photesh dwabctrbm(the value Slutbe badexnhedbgigrell thethe 19

packet 114. Tn step t he e record readi ng nmeans reads a record

(j record)piieicat edsbynt hepingexsfgoi sLerijefromthe corresponding vertex
data file %12, I.e., reads vertex data of a jth polygon. The correspondi ng

vertex data fi1gs 4okt 20 pruersexcialgobibs aathezRondi agol BohBeskal tial

address of the vertex data file 112 that is registered in the i record read

fromthe oQiegbnynfL18Bt 48NthabhE@mBdP of generated objects. Each of

15 the files registers in each record object coordinates PP,y =
(Xyg0: Yijor 2ig0) s PPy = (X Yo, Zy5). PPy, = (Xypne Yo, 244,)
of a polygon of the object.

As shown in FIG. 6, each of the packets 114 stores

therein the number of an object (object number) to which the

20 polygon belongs, a Z-sorting pointer for use as a pointer
when the packet 114 is registered in the rendering list 116,
screen coordinates SPyy, = (Xgy50, Ysigor Zsigo)» SPiyy = (Xgiyro
Yoignr Zsign) s SPyy, = (Xeiyas Ysigo» Zgy4,) Of the polygon, light
source coordinates UP,,, = (Xyy50, Yyij0s Zusge)» UPyy = (Xyiyys

25 Yyisir Z2uin) s UPgyy = (Xyyar Yyuyos Zyiy) Of the polygon, and pro-
jected coordinates UV, = (U, Vi), UV = (Uy, Vi), UV,
= (U,y,, V,y,) of the polygon onto the virtual plane 50.

The rendering means 106 successively takes the packets



In step S208, the coordinate cal cul ati ng neans 138 de term nes screen
coordinates SPijo = ( Xssjo . Ysnb ~ Zs~jo ) . SP1l j| 25 (Xsi~l "Ysy Zsiji
) SPijz =WOMIsH24 Ysijz Zsijz ) of the vertexes of the jtRCEIPIYUMIDased
on the layout information of the ob jest registered in the i record in the
obj ect information table 110, the worl-d2@oordi nates of the screen 176 regis
WO 00/ 54224 PCT/JP00/ 01119 - 31 tered in the array variable area Z1, and
the vertexlbhtfron tihe remdeoingohistntlé heandt abasedi ey heanvardeust ores

t he determ ned screen coordinates in the packet 114. In step S209, the

coor di nat edakd cof athegpedrgend I gbsteredi hesthe ghackets ckléooFePAaTEs
UPijo =( Xvijo Yu~jo Zu~jo ) . UPL Il =( Xuiil , YUil , Zuim) , UPijZ
= ( Xuiiz thenpokygoms i and )perfeyms veextyes BaPPLRd | oh Polygen HA3AEWSn t he
| ayout information of the object, the world coordinates of the |ight source
52 regi st e@fdthe POLYgPR3y variable area Z2, and the vertex da 10 to of the
jth polygon, and the data storing neans 136 stores the determ ned |ight
sour c® coordi naflee imaghedpspkay mdans| k08t Epadsipnagpcdabar gLaned in

cal cul ating neans 138 determ nes pro jected coordinates W jo = ( U jo (
Viio ) , Vihe Eepdering arga 34b\gf zthe (impge /menpry $4orngheuipitéxes of
the j th polygon 15 based on the |ayout information of the object, the Z
coordi nat®r¢|Tead iBagecdabadrte nblre)dbsriae GPRETALLIPFaB®-50 registered in
the array variable area Z5, _and the vertex data of the jth polygon) and the
data storing nehARsShaERsiRrBLGt he. deker FRRteuHr 3P EELRY Eﬁﬁ?g?ﬁiggs in the
packet 114. 20 In steg S211, the pointer determ ning neans 140 sel ects the
Z coor di ndfe2hfi th2Rag| 3skahle Ieperating @%ﬁ?ﬁe}zgff?ﬁo@%n?rEBbPﬁiﬁates

o 16 0 20 oeRiL 8, P P AR B JoBACen IS by FUAL, " e
heye Do EShE ToRESulrahEPs P Eadblh LOSRaREs i SThRTeFrERRET 121, 2
P ST L NI S s
Lo such 0et o D ceackskardht L und | SRAE MIERSLTABUEBE HRICKE o

L7 5 L0 S3ER: SPhPorhes 6% deter 119110 SRars ddfe! BEEEIRD' Sebhie Yahue of

the index Tegrs e éend m ning neans 144

det e4 g1 nesuhehDeL-hiRs RS E5PA G0 IPafld L BCoPOLYHORSa NatnaTSHE the ith

obj ect has been en y determ ni ng er or not the value 10 of

the index 5gqtebes2], haa®aMa! viPrQa1 9pLRAE" 5bNEPohhen PUPREE 10hOLepalYOONS
registered in the i record in the object information table 110. If the

processi ngt9Reatd the PEYYEONSctReE HB8KEeHpP the LifnobseeitcBasz2nohnheen
ended, then control goes back to 15 step S205 shown in FIG 15 to calculate
t he vari ousheovidtaaleplartasoyecand® BegextepdhygdhNe Gébeemihedcabelbiat ed
coordinates in a packet 114, and insert the packet 114 in the rendering
list 116. tbotr@enptesessi predetedriihd® pprygomarianle nakeaspZlhe 28,ith

obj ect has been ended in step S214, then control pro ceeds to step S215 in
whi c0t he and delgghtnsogroeansoddiinatereakatdatiegvaetars 0126 hforndex

register i by "+ 1". In step S216, the end determ ni ng neans 144 determ nes
whet her t htepmbnisgi hfjghth sbbrédecobréthat@asobethe eviletiual pdaneb§025
determ ni ng whether or not the value of the index register i is equal to or

greater thaasefieonutherwdrrbd cecndilsategi sfetked vhrthalopjiese b0foamdti on
table 110. If the processing on all the objects has not been
registering the 2 coordinate in a predetermined array vari-
able area 25.
25 As shown in FIG. 8, the rendering list generating means
104 comprises a rendering list initializing means 130 for

initializing the rendering list 116, a table record reading

means 132 for reading records of information from the object



WO 00/ 54224 - 33 PCT/JP0O0/O11 I 9 ended, then control goes back to step
S203 shown_ in FIG 15 to calculate the various coordinates relative é) all
pol ygons oVOUEERE pol ygon, store the cal cul ated coordi nat eSGTHPPEYIEL i ve
packets 114, and insert the packets 114.,;n the 5 rendering list 116
according to an increasing pattern of Z sorting poi nters. If the processing

11 th ts. h d tep 521 th f
oper at i on B ﬁéfnewiéw?qée FU6” anbt Tt Reched eabing meRBagin & 50En end.
10 An sequenccf eration_of he [e nder#ng ans 106 wil | dbe descrtl bed
bel ow wi t HF 7% Je‘?%rﬁ‘: CRTIFIs * OBt BP® S3BETSABRAG-RIFVEI 88, the

had | a 60 d da Di h i al

data filc d9e HHF rifere FRER %?raﬁgé‘fa%aﬁ%i%ﬁ £RE. SHABARS18°5Par® t hat
d h f had I 15 d.th had I

152) 1o .(L?%r%%re the i?%f?%“ﬂ@%gﬁﬁa«aaﬁf#%%n& HEaRE LAl gBRerateRs "shadow

pl ane. 152. ste c8302 t he ren eglng gn 196 sto ra an |n|t|ah val ue

"FF" Tn a ]r%€|r§?e ??%l%%°¥§ B3 8 to §dbE TRR 8%] 88? OPAGRSer 3nd and an

initial vaI "0

packet s 1191 ecr‘?‘%ere rél rg i gh?hﬁﬁ;gﬁ?gtgggﬁg %g L gr %Eﬁt :e 14
Ira?giféﬁf orkfaghs ﬁ@"%’t %3 ?ﬁ‘*ﬁhd%%‘?‘?%g. 3¢ g”égi fﬁi%'t RoPPRRAEF i n
umber | féﬁné%ﬁﬁnﬁiié‘“emﬁe?@ﬁlﬁ@r{ﬁég%%%?@? {nEnbBRETehaBeERhEE: g

means 166 (gl ghre i O ggi%gfﬁ a18f g@gm@é%&&%g},gsﬁm Wet the

pr esent Obj ect nu € sane as € previous o

R R T A
di fferent ﬁé@ﬁé%hfnserting means 142 for inserting a packet 114 into
the record corresponding to the pointer, and an end deter-
mining means 144 for determining whether the processing on
the polygons that make up the object to be processed has all
i5 been ended or not.

As shown in FIG. 9, the rendering means 106 is arranged
to use a reference shadow plane 150 and a generating shadow
plane 152 which correspond to the virtual plane 50. The
shadow planes 150, 152 are logically assigned to the texture

20 area 34a of the image memory 34.

The rendering means 106 issues a command for operating
a texture expressing processing means 154 incorporated in
the rendering engine 30. The texture expressing processing
means 154 comprises a texture mapping means 156 and a shad-

25 ing means 158.

The rendering means 106 has a shadow plane initializing

means 160 for writing initial data Di read from an initial

data file 178 into the reference shadow plane 150 and the



previ ous object nunber, then control proceeds to step S306 in which the
table record readi ng neans 164 reads the i re cord fromthe object

i nf ormat i owotoals#224110. I n step S307, the shadow pl ane rendePCRyPHEHAY 168
co 10 pies texture data (or the initial data Di) relative to a pol ygon
shadow rendered in the generating shado®4pl-ane 152 onto the reference
shadow pl ane 150. In step S308, the object determ ning neans 166 stores the
obj ect nunpeneratinghehaégwspran® 19% b6t bnithel pzectksi ngfenestep S308 is
finished or if the present object nunmber i is the sane as the previous

obj ect nunbeadow siape SBHSG, andnthel gguesatingt epad3@9ptsanenlbn, FRG 19 in
whi ch the texture expressing processing neans 154 perforns a normal texture
expr essi ngppcketsseadprgi heans | Y62 2ot heuteas sii eebxpreading packessi ng
means 154 perfornms a tex ture expressing process such as shading, texture
mappi ng, elt4 bHrmemdtba téepdsciegnlisoritil6éatastabléheepoedentapdhggon and
the initial address of a texture table 180. In step S310, the pol ygon
shado®v di speéagsdeéér fivni nga@bngernasottdd dEt enfionmativbet iromathel pydgrcthadow
can be dis played on the object or not based on a pol ygon shadow di s play
attribute dhfohmatight tsblectlpdr ogrssbhgetht detbuméninggineansed6bnfole
corresponding record in the object infor WO 00/ 54224 - 35 mation table
110. PCT/ Jfebeonindngfwhepbeygohjshhdonoche brodespedyhdyet Rwhtebedr ol goes
to step S311 in which the texture mappi ng neans 156 of the texture

expr essi ngtppocensi hg arahhers5drnapt. t Aesheflgyoplanehuenderidndemednsn t he
ref erence shadow pl ane 150 onto the pol ygon to be processed by way of
texture mappPn§orwaenderéngrdahg 1o the peberercedshededi ndars LHQ ppd= (
U jo. Vi jo) , Wjl = U jI VviJ1 % Wj2 =( Uj2, V]2 ) of the

pol y&8n totgé ﬁ?BE@@%éﬂgoﬁBQd?MeP%@ﬁ@ub 2pl aneobpgonf shadgwt ésphayi al 10
data is rendered in the reference shadow plane 150, then the_initial data
D is mappeftsymhpingsmeansut a0 nhppi Agtempintng HEnpEdeEsdi RELYACBt ep S311

is finished or if the a polygon shadow cannot be disg[axed in step S310,
t hen con shadow is to be displayed or not based on light source proc-

essing attributes registered in the object information table
110, a hidden surface removal processing means 172 for ren-
15 dering generated polygon data (polygon data after texture
expression and drop shadowing) in the rendering area 34b
while carrying out hidden surface removal according to Z-
buffering, for example, and an end determining means 174 for
determining whether the processing on the packets 114 regis-
20 tered in the rendering list 116 has all been ended or not.

A drop shadowing process according to a first embodi-
ment of the present invention, which is carried out by the
drop shadowing means 100, will be described below. Prior to
the description of the drop shadowing process, the concept

25 of operation of the drop shadowing means 100 will first be
described with reference to FIGS. 2, 10 through 12.
FIG. 2 shows the concept of the drop shadowing process

using the virtual plane 50. 1In FIG. 2, the virtual plane 50



trol goes to step S312 in which the shadow pl ane rendering 15 neans 168
renders the pol ygon shadow of the present polygon in conbination with the
previ ous pﬁFVB@ﬂg§hadom10n the gen erating shadow pl ane 152 PGFAEEYOYY t he
proj ected coordi nates of the present pol¥gon onto the virtual plane 50, and
pai nts the conbined shadow with black™(R> G B, a) - (0, 0, 0, 20 100 In
step S313, the hidden surface renoval processing neans 172 wites the data
of the prédserkogisgddietiieametherpiis¢hPlt athBah opste 2ashyday and hi dden
surface renoval according to Z-buffering, based on the screen coordinates
of 25 t he PreRdhiego|QRpren Iwhighetiszishadoe Fererst ng FRanBoIbEiPAcPENeNt s
the value of the index register k by "+ 1". Then, in step S315, the end

det er mi ni i ereastuady piang M heks wirterErined By okts sizeozrndobie ex-

PCT/ JPO0/ 01119 - 36 essing on all the packets 114 has been ended or not.

| f the prdc@ssidly drRACL (FRVERRA S Bhe ¢eep nphadeehngneEacesfen control
goes back to step S303 to performthe normal texture expressing process,
the texture mappt nghoffirRt RMBeBHNenShalkey, cRIRICE Hebhi 48eRT3dPFae8 renpval
wth respect to the polygon registered in_a next packet 114. If the
processi nPHrP e tHer ik R kane 450 RFQeEAERI | HO t PRTFRABELVAQLFRBELRTE has
been ended in step S315, then the sequence of operation of the rendering
neans 106 R tWilh e ehbghTheowreR 23 &% tie sYEpYPElDs, - ard)isj g
repeated to offer the fol] owi ng advantages: Wth respect to the _pol ygons of
the obj ect"THL/MAS i3 RRETIFDHNRAIELPY 2| DR_IQWiBlene (Fﬁﬁtr§SGF€E°52,
only theirgééaj q§ga D_is witten on the 15 reference shadow pl ane. 150.

If the i niTF2FOURLTS 1DrIdntRe (9eneAat breyShadern RH2p8I Vgoh ¥hdabBw is

o2 That 12 1he- SRR AR TR ORIt Pat o oot cEosiat nBr e < SPonder cd
PoLYEO, 20uSlodon, o sddyd N BULEEN PHVRIEBLLE LhERb By oBhg0Bb. o
on L ho Stttk GBActS QU TEoT | A et PTRES B S0oh SaER M epoLha PRES. "
o3 thar 128 TheSt iR BafBartT G TG TRORCE oabr c5:0b, BheretPEeRlater ca
10 00/ sao2 ey FAREL IR SYRERRed "B & PLeprEChaf el or 115 Tn the
abovs] one vi Ttia B ane B0y e e ot HETh onE L Re T aysat O6i SaPBliral ity
8; obj ect sgORNE4R! b& dadVe ti £€a Jh 8BS PAG! tIPPELLPEct P08 BrRAL¥ELRaShadow
tion with the light source 52 as the viewpoint. Formulas of
pexrspective transformation will be described below with ref-
erence to FIG. 11.
20 In FIG. 11, if the light source 52 1is a point light
source, then the perspective transformation of each of the
vertexes of the object Obl to the virtual plane 50 is repre-
sented by:

Xa = (xa*ScrZ)/za

25 Ya (yva*ScrZ)/za

and the texture coordinates (Ub, Vb) of the shadow of each
of the vertexes of the object Ob2 are similarly represented

according to perspective transformation by:



one of the objects which is formed by projection onto the virtual plane by
a light source as a viewpoint is expressed as on anot her one of the object
that is famhews42Mom the |ight source 52 than the object. 1®cIpPod/brital |y,
a reference shadow pl ane 150 and a gen erating shadow pl ane 152 which are
texture planes corresponding to the viTttdfal- pl ane 50 are set up, the shadow
of an object which is fornmed by projection onto the virtual plane 50 is
rendered on t heubekerancesshappybpl ane 150 via 15 the generating shadow

pl ane 152, and the shadow rendered on the reference shadow plane 150 is
mapped onto a n¥yt =oljywct sbyz yaypof texture mapping. In this manner, it is
easy to express shadows can with respect to a plurality of objects arranged
in a conplex | aff2@heutflightasshadew5di ik repperatllied dd ol souricevi rigea
conpl ex shape. In this enbodi ment, since a shadow expression attribute as
to whet her a pol(¥gonYslladowxias wvea)be expressed on an ob ject or not is
deffined in the |ight source processing at 25 tribute in each record in the
obj ect5 i nf or mat i(&k .t bl)e =11&p .t Fb)process of expressing a pol ygon shadow on
an object can selectively be perfornmed. Therefore, the facial expression of
a princi pal chaFaét-ed2 shewgame cohgcepsraipirepregeniation oA\Ohe@0/ 3924 - 38
PCT/JPO0/A 119 vented from bei ng hidden by the shadow of another object. A
drop shadowhadopiode PFogessr @cegrddng secthg &irsdi embedigenthefptdeent
invention will be described belowwith reference to FIGS. 9, 20 through 22.
5 The dr opP¥REEDBN AGVieNddeds adeeedidanat §ot thes &rorpd sadendinge Process
essentially the sane as the drop shadow ng process according to the first
enbodi nent SBR¥EpHNt K46 -t HE .r ¥hdehi A§ APRAS efdn toh@agho P bsiesdownian P OPYEedSs s
has a bilinear processing neans 190 for blurring a pol ygon shadow dependi ng
10 ol ® he §hadamc&endgrechen agkhader eéase (ibe Agifeaiedss $hdo®ht heses in
FIG 9. As shown_in FIG 20, if the Iight source 52 is not a point |ight
source, buPlaReedtfnddd IsugEecssdr &e, tEKEHTRhBAPPHE 0Nt Pa @D CRIECED i s

| ocated in a position close to the 15 o?kect Qbl, the o?!ect bl casts an
unbra Ss Oﬁnphge%QQH%Q on a screen 176 rocedure 1), and thereafter

the polygon shadow formed on the object is rendered on the
shadow plane 150 (procedure 2). The above drop shadowing

15 process is carried out by Z-sorting with the light source 52
as the viewpoint, as indicated by the arrow A.

A sequence of the drop shadowing process according to
the first embodiment of the present invention will be de-
scribed below with reference to FIG. 13.

20 In step S1, the various setting processing means 102
generates an object information table 110, makes layout set-
tings for the object, the screen 176, and the light source
52, and sets up at least one virtual plane 50 from the lay-
out of a plurality of objects (various setting processing).

25 Then, in step S2, the rendering list generating means
104 determines a screen coordinate system, a light source
coordinate system, and projected coordinates on the virtual

plane 50 (coordinates of a polygon shadow) of each of the



pl ane 50. When the virtual plane 50 is located in a position far fromthe
object nl, the object Obl casts the unbra Ss and al so a penunbra Sd, which
is a bl ur '@ %9AKAbw t hat surrounds 20 the umbra Ss) on the VERPBYO1}{%ne
50. The degree of a blur of the penunbrg, Sd i ncreases depending on the

di stance fromthe light source 52 to the virtual plane 50. The drop

hadow di h d [ [
eal i 2o URBLHANECDEr PEDPELSOPaERE 38 SR Ash, T43es Aicaily TS shown
in FIG 18, .af t h | der.i 1 h ied text
at a el abPIBCES AVR0fPonoYR o SHlendd in "ERECGoner abiiiy LREAY pl anc
WO 00/ 54224 _PCT[JPQ0/ 01119 - 39 92 to.th f shad | . 150
St ep S307CoF R CFI ARASFING0CS0PRY LRESHs Y0 BF SR BLoWRsIed (At g on

ng on

h d | ati h I had d d i h [
Shadow pl AAES537 ReGelS3S0 | RARCAFEAH1S piPeRARBEEe (i REHE Fi G

ows the nner i

21 which th . i Rol
shaZSM/reﬁ&XFgg i thl§§hgﬁ8%i%§%§ﬁ§%%% %%%ﬁé&% t%égg%%ig%fégpf%gFSMFpass
filteri d di t di st f t | i aht 52 1t h
LS9 ARRRNGLR0 00, S0 SRS RO U SN S8 SRR RP o5, (e
21 indi t t j t h I i

21 cat es {0l S6U BERBAONAS SRS el e 0

source 525}?&?&%&%{&%&% teg%a%?c%‘t’;@d ﬁrlb.‘Hio?P%w iel:frentdréefl:it%g%ggmbtsolsﬁem nunber

i 15 is di romt previ ous obj éc in's own in

1S oo RS AR Tyt Vigs o il o osyamtes i e o

t he gener g s | 'ane i'S subjecte filtering in step

83290 I'n dttgites gn v s ﬂ%,s%wae'&% |1::lhgL p%a.zdmpsn a\%ﬁlg r?Q%JB &trrhSZQ:e%)éuxies

processe of the object plane~152,” and e polygon sha~

Obl and tFn‘alpg)‘l'nléggﬁé‘.r g;g,ﬁrg%nr SRARRE @F Lhe %gg&%%spj(retn'b‘éx%lzcj/ i%gf'béhadow

(unmbra b ren on the generating shadow™ he obj ect processed
at a staggsggﬂdyyﬁwa.and penunbra) of the object shadow (unbra only) of
t he object Ob2"generating shadow plane 152. Farther fromthe |ight source

52 and each ti mgeRj a6t sst%;)e_sqha%%d,mta@% RAISHIY SRR I delatk Ofint he
generating shadow plane 152 is gradually blurred depending on the dis WO

001 54224 RGH HAQ @bk a i40 thedneaderamd Ra-dd @b SAUMIR: Sdnaddiangi®! ygon
shadow rendered on the generating shadow pl ane 152 nmay be subject to

| owass fordyt ¥4 @R PutEe thel eidad nthigy A eid aarherl sylide ¢ t oring
the light sour ce coordinates. In FIG 22, the polygon shadow rendered on
t he gener atddlg eshakow gltiee displiasyy sindjtedie t 0 Jroveyias sndrirlext erasgstabwist ages
or points P1, P2, P3.
in FIG. 2, the shadow of the object Obl produced by the
light source 52 is cast on the object Ob2 which is posi-
tioned behind the object Obl with respect to the light
20 source 52.
After step S$4, the drop shadowing process according to
the first embodiment is ended.
Sequences of operation of the various setting process-
ing means 102, the rendering list generating means 104, and
25 the rendering means 106 will be described below with refer-
ence to FIGS. 14 through 19.

First, a sequence of operation of the various setting

processing means 102 will be described below with reference



In the drop shadow ng process according to the second enbodi nent, inasnuch
as the pol ygon shadow rendered on the 10 generati ng shadow plane 152 is
subj ect towoowysazeds filtering depending on the di stance fromarieod/digr
source 52, the polygon shadow is blurred depending on the distance fromthe
| i ght source 52 and hence is expressed idB a realistic man ner. 15 A drop
shadowi ng process according to a third enbodi nment of the present invention
will be desorFbed bélow with reference to FIGS. 23 through 29. In the drop
shadow ng process according to the third enbodi nent, when a pol ygon shadow
rendered on theIgestept 5hgl28hehaddw PlIGnela52the eaplesgederzatdmgobj ect
via the reference shadow plane 150, it is interpolated according to
renderi ng fheana haerofy tkasearilepsndetyyiog phecpebyggnmehadowlOBeigeneri-t is
subject to |l owpass filtering, the polygon shadow after it is subject to

| ow pass f akeer angpbaadtt heformphtisoutaR3ecéléobadedabpsdeftat katemjedct to
be processed, for thereby controlling the blur of the polygon shadow. As
shown5i n Fv&a 2Be thpupdbygputsBieddwei 24rendered us ing two shadow pl anes)
i.e., the reference shadow plane 150 WO 00/54224 - 41 and a background
shadow pl ane 192s PEAWOPY0/ B1G194Tha tewsepéEndafohadtiopl zrgist@redd inhe
background shad ow pl ane 192 are shadow pl anes on whi ch the pol ygon shadow
i's subj ect the bbieplssinfprmating 4abdef ldPehncindesshafang péityddutehadow
is rendered by a trilinear texture mappi hg process which effects

i nt er pol at iofiopmekden {Auchwessfavsaudl §hading)d, ropodep¥ndrigrartine 7
coordinate of the |ight source coordinates. As a result, the blur of the
shadow de fenghngsomeshe . dpBlafcdlBhEmSPHECE BRPCS66ABE BETTdPUke .ob j ect
can be controlled within the Q|% on for better shadow approxi mation. An
arr ad§emen@™Pyg 4PeYEng She LhE gr8Bu§ﬁ§dBﬁPﬁ355F86e§§t£éPHF&iﬁ&fﬂﬁeﬁhe

third enbodi nent and operation of the drop shadowi_ng process w |l be
descri bed ggﬁgﬁmation as to whether a polygon shadow is to be display-

ed or not (to be displayed/not to be displayed = 1/0).

In the object information table 110, an initial address

of a vertex data file'llz, the number of polygons, an ini-
15 tial address of a texture table that is used, etc. are reg-
istered when an object is generated according to CAD.

In step S102, the layout information registering means
122 registers information relative to the layout of objects
entered via the input/output device 24 in the object infor-

20 mation table 110.

In step S103, the coordinate setting means 124 calcu-
lates world coordinates of the screen 176 based on informa-
tion relative to the layout of the screen 176, and stores
the calculated world coordinates in a predetermined array

25 variable area Z1.

In step 5104, the coordinate setting means 124 calcu-

lates world coordinates of the light source 52 based on in-

formation relative to the layout of the light source 52, and



15 The drop shadow ng process according to the third em bodinent is
essentially the sane as the drop shadowi ng process according to the first
embodi nentWeX®EMA24t hat the various setting processi ng neans PEIAPAHHhe
rendering nmeans 106 have partly different functions. 20 Specifically, as
shown in FIG 24, the various setting pridcessi ng means 102 has the table
generating neans 120, the layout information registering neans 122, the
coor di nat esteres ngheeaascugtedndorhd coghndinstieselnosr drededecaiagidat i ng
means 126 which has different functions fromthose de 25 scribed above. The
| i ght souraerayovarhabdecareal &Ri ngTheangordéngset sefitiag Mmegnts d@dr ce
coordi nates of the virtual plane 50 based on the world coordi nates of the
virtual plaheo59tomad theOtepes54£21heCTigPO0s0NEEe S242nteggidsvdies thee Z
coordinate in a predeterm ned array variable area Z5. The |ight source

coor di nat elepRtPUtbRY feudcel124 ihse predetemadnedgRrrayuvedigbdedi nat es
of 1st - nth background virtual planes that are virtually di sposed behind
re spéctivaredj édts based on the layout information of the objects, and
regi sters Z-coordinates of the determ ned |ight source coordinates in
respective predéReffiPRe818Prafhearpapidnagteaserting meansad 2n&RtsS MR G
25, the rendering nmeans 106 is ar ranged to use, in addition to the

ref erence §hadéﬁNBP§n@f15beaﬁérﬁﬁélgﬁgépatﬁﬁgb§ﬁ&@o®np¢§ﬁePﬂﬁlt%ﬂﬂa°f
background shadow pl ane 192 | ogically assigned to the texture area 34a of

t he i mage ﬁEﬁDF}ggg PRUESSoERaftoRedi LR the fsray Negipkdiegadiadd 44 @l

pl anes. 15 The_rendering neans 106 has the shadow plane initializ ing neans
160, the phBRetaveddi A§IRERAS1IPB20Tt ARIEGHFeTREIESLTFAedd i enORIECT64, the
obj ect determ ning neans 166, the shadow pl ane rendering neans 168, the

pol yg8n shéHSRFHPgﬁPBytégﬂérﬁﬂﬁhnﬁaﬁﬁﬁﬁgt??oyoFHQ ﬁP&E@%“?GFFhG@TF%ﬁbvaI 20
processi ng neans_172) and the end determ ning_neans 174. The shadow pl ane
initializi KgThBaAsP18Be Phe §H§dﬁﬁpﬁﬁﬁn§hPeﬁgéFPﬁﬁtﬁgaﬂ?rf§bFQQﬁﬁiFhe

bi | i near processing neans 190 have different functions fromthose described

above. TheP@h§8od pPaR&SARLErBiPLAnGTREENY2TEEONE £&ES fi%i al 25 data D
into the back d.sh | 2 | | t f d |
150 and the. gandPafted Siifow BeatearsssobEee, fpeatinate el R tnes
150, 152, 192. T h | i d , . WO
150, 152, 1020 S hdmALIne e o oAy IO TS g U0
formgq whe 1§n§°|5>69?> <3 %Wt?x%okv%%tl dc%%%ﬁj}lg%gé; %Eﬁuaéheo!v%.'}etu}q S@aq)%! ygon
shadow rendéred on the reference shadow pl ane i's projected onto either

one of  Lhe shsterorBl sHAGKAL Qully Lk ofh oPladRss M liRli dcsassh hiahi nd

t he object, ba on t I stanCe fromthe t source 527to the virtual

plane 50 (the 4igRer dickdle 8h thaavishb¥dls Rhane Wordihdte oH N from
the light source™52 to the correspondi ng background virtual plane (the Z

coor di nat e cofi a®lelah@orae Rbridifates 140 anphelRtledmawed \Wrrtdialvaiaas) . The
bi | i near processing neans 190 effects | owpass filtering on the pol ygon

shadow r endeeadzegn t he background shadow pl ane 192, as well as the pol ygon
shadow rendered on the generating shadow pl ane 152.
20 After step S105, the sequence of operation of the vari-
ous setting processing means 102 is ended.
A sequence of operation of the rendering list generat-
ing means 104 will be described below with reference to
FIGS. 15 and 16.
25 In step S201 shown in FIG. 15, the rendering list ini-
tializing means 130 initiallzes the rendering list 116.

Then, in step S202, the rendering list generating means

104 stores an initial value "0" in an index register i used



15 Operation of the drop shadow ng process according to the third

enbodi nent will be described belowwith reference to FIGS. 26 through 28.
In steps SH@00/543404 shown in FIG 26, the various setting POQIcPesdNg neans
102 generates an object information 20 table 110, registers information
relative to the |ayout of objects in the38bject information table 110,

regi sters the world coordinates of the screen 176, and registers the type
of the |ighto seepEeh5PoEnaANt Pleiewt | dtkepekly nbhbtiatizhed| thdt 1RdeXcEe82, as
with steps S101 - S104 carried out by 25 the various setting processing
means 102 i¥sEe®e Hrop shadowi ng process according to the first enbodi nent.
In step S405, the coordinate setting neans 124 sets up the |ayout of the
virtual plane 50TRNIteReSAQ3. -t ht dak re@@:@OI%ﬂ@@WQFMﬁmq@ogléqugds 44
ground virtual planes based on the position of the Iight source 52 stored
in the array ¥eE®| &1 arecor?) shedicrted byt thef bpdex | BRIbFtebj Ecfxom
registered in the object information table 110, calculates world

coor di Pat este ehiegtrinfprmapiemetadlentl® he 1st - nth background virtual
pl anes, and stores the calcul ated world coordinates in predeterm ned array
vari abl e areas Z&Y 944p-SZP4. the srepdenbeg %h%tlQﬁﬁ?régh?%em%66$d?ﬂéte
calculating nmeans 126 calculates |ight source coordinates of the virtual 10
pl ane 50 antit®Fes 13 inhth2baveiweunt” viptal ipferesedhsker on PReAWEP d
coordinates of the |light source 52 and the virtual plane 50 stored in the
array vari abPRrehebRTz2 PohYIGRd therelRytieliabbzindatRe drderereditul ated
worl d coordjnates in predeterm ned array variable areas Z5, Z21 - Z2n. 15
The renderiﬁ%rlﬁst generating nmeans 104 perforns the sane processing as

with the drop shadow n rocess according to the firs nbodi nent. | |
Thereigre, tﬁe pf%cﬁgggngzﬁérfﬁ?ﬁeéaB? T her +RA RPN i?gtsb%ﬁ%?a??nbnﬁéans

104 will not, be described bel ow. K 2 hen, in st S501. shown i n FI 7,
t he shadOM/B}%ﬁév? F?ig?i?iﬂ@cﬁ%gnglgﬁog%?rgﬂ% fgﬁﬁé?iﬁﬁlﬂ%a el%%g%ﬁﬁds
initial dat? Eﬁ fromthe initial data file 178, and renders the initia

data D in %e‘shadOM/pIane that is used (the reference shadow pl ane Z50,

(e, Sener a, 09 STAdLp! 89t 1otno 384, 25 Lig, RaNHBARUNIE gt Rl gpced2) (o
recs, 105 40t esndfipblt Bt TE: Uo HASBSEEL BB £ 1g el (o

val ue;50" i pa@RetNdex register k which is used to search the packets 114,
and an inittal value "0" in an index register n which is used to search the

background virtugh ptape§poforthBereby +obbial F&h8dnghRessS $887 réaksand
the index registers k, n. In step S503) the packet reading neans 162 reads

a packet lldedbra pgi pbcobklh}ihadésté@dopythdeihddexrégosséer jketomamhbe
rendering list 116. In step S504, the packet reading neans 162 reads the
obj ect nunbesrresponidihg veatetOdpeakeildldl2| niseéep £688s vhetek) @ata
determ ni ng neans 166 deter m nes whether the present object nunber i is

t he sane asofha ptkvpoliggobj ecThaucterespondingbyedesterdabhanfiwbelhzrishe
value of the index register i is the sane as the value of 15 the register R
or nok0 |If aheeptesedatabfiteé conmbespondingi tdetkatinibial hedgressooas

obj ect nunber, then control proceeds to step S506 in which the table record
readi ng neabhBelgdrteaddataefileell2 that is registered in the i record

read from the object information table 110.
In step S208, the coordinate calculating means 138 de-
termines screen coordinates SP,y, = (Xg50, Yeiq0s Zsige) . SPyy =
25 (Xsisir Ysinne Zsigi) s SPyy, = (Xsigor Ysygor Bsyy,) Of the vertexes of
the jth polygon based on the layout information of the ob-
ject registered in the i record in the object information

table 110, the world coordinates of the screen 176 regis-



cord fromthe object information table 110. 20 In step S507, the shadow

pl ane renderi ng neans 168 co pies texture data relative to a pol ygon shadow
render ed iMOOM&4%énerati ng shadow pl ane 152 onto the refereREEIBHIHER pl ane
150. In step S508, the bilinear proce§s%fg_neans 190 effects 25 | ow pass
filtering on the texture data relative 0 the poly gon shadow rendered in

166 ot or S SHE 351 SHE ATBG PERNIAS TR Sor oY I SHTETE SREArSh | VO
store r e r ‘R e ) r
o2 R FROLAR, (Ba S5 B IE IS0 ST 0S8 e O L
if the present qbject nunmber i is the sane as the previous object 5 nunber
in ftep S?@%P _ oF°§88§;FSQ£9ﬁ&4§§f%¥ﬂu§§%iﬁ?ﬁﬁai %k{g? m?ich t he
ex ure_expresgln tprogﬁﬁé!n means erforns a normal tex ﬁé? o-
expr essi ng proc&ss. %8 ic AP CA9F PSR e 538 P reans
154 Qgrforns a _textuyre expressin rocess s as din tex%ur mappi ng,
10 et. baSETHT hg‘g&?r gg’ﬁlrg(?or%)ldr%a‘ﬁékatoq‘s mﬂ"pr"egg(:{”'po $Hon a*n@ t he
i spl ay dSferntnt Ry toanss 170madr oPheries. Weetiorog: pofgan Seniigw eaa be
dis played Qn.t j e or { hased onh a | ygon, shadow. di.s I
st & ol il Yelt 3 A S I SRR Sl o B

attribute © S ocessi ng S Tegrstere

cor 1 eSPONdI0 digRINd 1A N Sloddi Ol S OTALN £l O f 8 891 VOO

shadow can then contr goes to in ich

bol Yoon sy et & A R e R ekl ) BB (e BLEGR MMEr (e

pol ygon shadow 1S spl ayed Tor tTme or ‘not, based on

obj &4 ”“rPab?IgSiltz{Jels nj"t , .pg{]ly%%tn dn QFhe{ CHattal‘E‘stA{l r%tﬁé%stqgg &P&}déé"

o
goes to step i e 'shadow pl ane r ender means renders, 25

it SR e S
In step S210, the coordinate calculating means 138 de-
termines projected coordinates UV,,, = (U,,, Vi), UV, = (Uy,,
Vi), UV, = (Uy,, V) of the vertexes of the jth polygon

15 based on the layout information of the object, the Z coordi-
nate (light source coordinate) of the virtual plane 50 reg-
istered in the array variable area Z5, and the vertex data
of the jth polygon, and the data storing means 136 stores
the determined projected coordinates in the packet 114.

20 In step S211, the pointer determining means 140 selects
the Z coordinate which is closest to the light source, of
those Z coordinates of the light source coordinates UP,,, =
(Xu1jor Yuuo' ZUijD)' UPijl = (XUijl' Yu131r ZUijl)' UPijz = (Xusz' YUijZ'
Zy,5,) of the vertexes that have been determined in step S209,

25 and uses the selected 2 coordinate as a Z-sorting pointer
for the jth polygon.

In step S212 shown in FIG. 16, the packet inserting

means 142 searches the rendering list 116, and inserts the



pol ygon shadow rendered on the reference shadow pl ane 150) is projected
onto the nth background virtual plane virtually WO 001 54224 - 47 ‘
PCT/ JPOO/ OwWOiI@/de2posed behi nd the object, based on the Z cAGTARIHIDf t he
virtual plane 50 and the Z coordinate of the nth background virtual planes.
In step S515, the bilinear processing medhs 190 effects 5 | ow pass
filtering on the pol ygon shadow rendered on the background shadow pl ane
192, ther epyebkutr pagkelte 1pdl ygao shedrendepéndi Adsan liliee skt diad fahem t he
|l ight source 52. In step S516, the texture mapping neans 156 of the tex
ture exprepachgtpr dddssiregarrangeli5theaeinegcoordingetpolea tingireadsd®di ng
to rendering based on the pol ygon shadow ren dered on the reference shadow
pl ane 150, patitepol pfod sbaddinateder(@dsortting padkhdessid Sisaddows dme 192,
and the |light source coordinates of the vertexes of the polygon, and naps
t he pol ygoRIshad@w projected onto the polygon by way of tex ture mapping.
At this time, as shown in FIG 29, texture mapping is carried out such that
t he stape of t h@npsitegos2dBadbivegeadu dgitieyndndnge sieagisodd 4 HOAREMEMIT a
pol ygon 200, fromthe shape of a pol ygon shadow 204 rendered on the
ref erence XbesNadvw offatbeldndex wegisigge JobYa "pollygon Igh&I@R H¥d 4-en
dered on the nth background shadow pl ane 202n, and the col or of the shadow
on the pol J§en erdo dgrraaudinipdgc neagss 144l died ermd ngsp i ediheh &hsoIBRRSIT 200,
fromthe color of the pol ygon shadow 204 rendered on the reference shadow
pl ane 150 te§sing 25 @dlother poRy genisy &ats Radkew P& heedddr &P IRFh f@st h
back ground shadow plane 202n. If for the first time in step S513, then
control go®eefpended 931 notn R & tegaindngyrdetssi oF M EPSFHHS t he
WO 00/ 54224 PCT/JP00/01 119 - 48 pol ygon shadow rendered on the reference
shaddl pl af€ 156 dROS% FEIStETor 16 KaYGIotEs S&Fd ITRRLREY R &Hiq fwm-
mappi ng, while referring to the projected coordi nates of, tg§N§0| on onto
the virt ualPegl thefs®olyIgmse Feghe terscedss e 1 JE&9 718 tcé{?%%’l? or
't a information table 110.
If the processing on all the polygons that make up the
ith object has not been ended, then control goes back to
15 step S205 shown in FIG. 15 to calculate the various coordi-
nates relative to a next polygon, store the calculated coor-
dinates in a packet 114, and insert the packet 114 in the
rendering list 116.
If the processing on all the polygons that make up the
20 ith object has been ended in step S214, then control pro-

ceeds to step S215 in which the end determining means 144

increments the value of the index register i by "+ 1". 1In
step S216, the end determining means 144 determines whether
the processing on all the objects has been ended or not, by

25 determining whether or not the value of the index register i
is equal to or greater than the number N of records regis-

tered in the object information table 110.

If the processing on all the objects has not been



pol ygon shadow cannot be di splayed, then control goes to step S518 in which
t he shadow pl'ane renderi ng neans 168 renders the pol ygon shadow of the
present potYPdP834324 conbi nation with the previous pol ygon shZ§WP8HOkE
generating 10 shadow pl ane 152, based on_the projected coordi nates of the
present polygon onto the virtual plané §§,"and pai nts the conbi ned shadow
wth black (R_G B, a) - (0) 0, 0, 100 In step S519, the hidden surface
removal prededi ngheraeentyol ygoessbagk tatatep SRB3psBYWAt 1BoF¥GenlPn the
ren dering area 34b while carrying out hidden surface renoval according to
Z-buf feri g Frabedlare t Bre sea gooreratnatesf rehatpvestnt apdl pgéH- I n
step S520, the rendering nmeans 106 increnents the value of the index

regi ster KIS "of 12 negenpolyden eps'tsipa the eakcuhatad: epArALiRgtABand 174
determ nes whether the proc essing on all the packets 114 has been ended or
not. |f tHee§ReREeLs® Rporehiilite %%@kb@%e{§4tgaspﬁ6¥ebéeﬁ1énaéth?hen
control goes back to step S503 to performthe normal texture expressing
proceds, tFRAIRIRG elhBppl hg BECPRALPY| Y9oAN 2ENSREBSH IaRBLERERhPEdEN
surface renoval with respect to the polygon registered in a next packet

114. 1f thOPFHREsRPHYE®RSal | the packets 114 registered in the rendering
list 116 has been ended in step S521, then the WD 00/54224 PCT/JPQ0/ 01119
- 49 sequence bf bherRIPGASHINGhenrahdekhRgoRaaREs1B8ScBRER £898A dRd. The
processing in steps S503 - S519 is repeated to of fer the follqw n

advant agesS t &% t 2 %spEE?ntBh?h%e%B?Qﬁﬁngf5°8FrﬁﬁéOBbPECFthESPﬁﬁFng

posi tioned gnstl closelﬁ to the_light source 52, onlg the initial data D
is wittentbittREPPEREFRACREARSILOA pFanBT 98BNt FOr AB PRAti al data D

ts t th hadow i der ed I
of " KB o cct - CBR . SSRLHOF HEL pOPSEORLORT OFnERGbFERReEho0! REPAFs 1PRe selond
bj ect f | i ght 52, th ' d had f all
he. pol ygoh-halbuBebr =L Hedr PRLEw obf Bt +EBPEPROR TROFELGhe LBofPde Jani ch i s
t inth d by t ] d di f. th
ol ygon of the 16 SEPBCEBhi ChORRALD hETRF ofBes Ry SHOPRY SERRa B cot oo

|5 i shed o8 Dey RS X80 S0RHON 8ho IR LRLS! QPeRL Phlnl eniedpdeiad on he

second obj €c e coloro e pol'ygon's OW proj ected

onto the o&%g&tBg?%yi?%exgﬁgs§ggdg§f??ﬁ y@hk¥igﬁaﬂgEQQD§|QHthggsﬁgé%g.of

t he obj ect 0 é renderin I'Tinear processing) 1n

SUmArlY. poangneAbt et GB3at haho! obhechBb! dnalbhohibhaMRe shiauhesour oo

: ere rendered a conbi nation of the polygon ow of e first
obj ect Ol 5aRdrhPengOLKEQBwSPRIRY 9525heosEﬁ%sﬂaﬁb;{zectth@b%gf&h_enegl or of

t he pol ygon 25 shadow is al so expressed as gradually changi ng al ong the
depth of tBra@bweplakB3150 and the generating shadow plane 152.
In step S302, the rendering means 106 stores an initial
value "FF" in a register R which is used to save the object
20 number i, and an initial value "0" in an index register k
which is used to search the packets 114, for thereby ini-
tializing the register R and the index register k.
In step S303, the packet reading means 162 reads a
packet 114 at a point (kth) indicated by the index register
25 k from the rendering list 116. In step S304, the packet
reading means 162 reads the object number i from the read

packet 114.

In step S305, the object determining means 166 deter-



In the drop shadow ng process according to the third enbodi nent, as

descri bed above, when a pol ygon shadow ren WO 00/ 54224 PCT/ JP0O0/ 01119 -
50 dered oo aolsd22gener at i ng shadow pl ane 152 is expressed oRCIAPHNIEEX , t he
pol ygon shadow before it is subject to |l owpass filtering and the pol ygon
shadow after it is subject to |owpass-fid4ering are interpolated accordi ng
to rendering de 5 pending on the |light source coordinates of the object to
be processweiine§owhéhbeebyheopteseht ngbjbetbhumber fihéspthggeamshadowhe
Therefore, the pol ygon shadow can easily be ex pressed in a nore realistic
manner. A prepistadobijagtpnombes acrconodi ngyt detefrnintihgewbetihemettheof the
present invention will be described below wth reference to FIG 30. In the
drop shadowahgepobfctbe andexdregisberht isuthh eamedasethe mslvhowdi in FI G
30, an extended light source 210 such as a flanme is expressed on objects
ol , b2, Th8.régisSten Bnoexpoession is realized by projecting, in advance,
the extended |ight source 210 onto the virtual plane 50. Specifically, a
proj ebt ed i mageI212hef praserkt ehjdedt| hghbesodr e 2i6fpmgnbefpormséheas the
initial data DI which is used by the rendering neans 106 according to the
first 20 apdevdovadobrboli membershbheni aoRrtEolopypcekrdsr EndetepgSFB&ns 106
according to the third enbodi nent shown in FIG 25. In the rendering neans
106 in theldrwhichatibai igbpeoteeosdaceadiinggmeanshadéihicedadenttbei Aeme f or
exanpl e) the 25 shadow plane initializing means 160 renders the initial
data Di oncepré fzpmr&heecobliadbwipfanwation thblgeddPati ng shadow pl ane 152,
and t he background shadow plane 192 in step S501 shown in FIG 27, and then
pai nts the pol y§Bns$RRdEROdn the shy@ryoriane/rpuierppg/ Beapsgle85¢0-gpj ect
w th bl ack, thus nodul ating the extended |ight source 210 as light, in

st epd0s503riesstoxtyge gatggbArshhfohnihdatndasrt Bhdegelpr§hvessQr 8&e 210 are

subject to lowpass filterin depending on the distance fromthe extended
light 5 S099&@92E03pﬁd§Ve5358§5?d in the generating shadow plane 152

onto the reference shadow plane 150.
In step S308, the object determining means 166 stores
the object number i in the register R.

15 After the processing in step S308 is finished or if the
present object number i is the same as the previous object
number in step S305, control goes to step S309 shown in FIG.
19 in which the texture expressing processing means 154 per-
forms a normal texture expressing process. Specifically,

20 the texture expressing processing means 154 performs a tex-
ture expressing process such as shading, texture mapping,
etc. based on the screen coordinates of the present polygon
and the initial address of a texture table 180.

In step S310, the polygon shadow display determining

25 means 170 determines whether a polygon shadow can be dis-
played on the object or not based on a polygon shadow dis-
play attribute of the light source processing attributes

registered in the corresponding record in the object infor-



In an initial stage PO, only the projected i mge 212 of the extended | i ght
source 210 is rendered on the generating shadow plane 152. Wen th

processi ngV80%4#24 obj ect bl is finished at a stage P1, a pPSFQBW@HIPnage
212a of the ex 10 tended |ight source 2%% whi ch has been subjected to

| ow-pass filtering and an unbra 214 of e object Obl are rendered on the
generatin t_g_ado Iane 52. Wien the processing of the object b2 is
finished 3%@’ ‘pr oj ect ed inage 212b of the extended |ight source
210 which has en su ected to 15 | ow filterjng.twce, a shadow 214a

of the object &3 3R Q‘T’é’ssﬁ’@&?“’s@ﬁr’e ee 1P IBeDadd s TR FHYL oIS  and

152" Wodultdt ISHFR 10 D (W o e SR TRRRING GRS of 1 19 Bathe T
U1t bof et S C°'q°&w2>f<=ta%1t R Ca'pcsg;ﬁ{e;j;@“@?g%ggdogof or
ﬁ?ﬁ%?ﬁfs?e*%refe St iR ”ree%qf’q?cel%‘drpévhfw%f B AR 55 GF e
D for thE DN 15 o Hpst s b b iy ity (iR G-I oY b ce. 210

is reflecte do are ¢ 0 MO .00/ P P00/ 01119
obj ect, thee(ifp(ar%ﬁdien& gé’r(ﬂ ‘Jt%tee(gﬁomaﬁe&t eéfurcé?‘él’o grd shadows

pr oduced t he end d sour 21 |y ressed. In the
above enbodi*ffent )Eyt”tlhesﬁl‘* den’gurt a@gﬂrerqr’ﬁvzl %é 3??? plo%t g)f;

Z-butferi ool IWNEXPTon SIS IS S 866 & gT0Val T Pe car e oyt by

Z- sortlng a screen co or e sys ge processing

ggéglﬁgm accor d| ng I%q%feﬁeqq’pra@éégn ea“%e;i\s/eem%gi]gsr{{ao Cf% &;J{%J"ﬂ:‘f V\Pﬁ%g the

I
ol ural oy S Gl SRS R Zb%p‘”‘?%&eﬁyoé%ﬁ%?ed%%*% Wth respect
to an object hawang atrFéJn’HiloE‘:f%ectl veIir;LSSL( or me%?’ ﬁﬁ?%@fofl fPagoy with

respect to an ob ject ca y be I ous effects,

such as blyrgdRghorfthaafrt a0t bd dféht %bexlofﬁéﬁe&'ox‘{‘“h

respect to an object. (4) O various effects on shado urring can

easi |y 20 ey raiedl ik £asi Iin Wm%ﬁw hdBWe ghald %éﬁaé@ﬂ@w (5)
A projected i mage of an extended |light source such as a f |lame and a shadow

prodused hyedd ¥od eryifthid Gife FUNyFch CHRERS Y 11 Y £SPEpo Iy FHRUIN

certain preferred enbodi nents of the present
in combination with the previous polygon shadow on the gen-

erating shadow plane 152, based on the projected coordinates
of the present polygon onto the virtual plane 50, and paints
the combined shadow with black (R, G, B, a) = (0, 0, O,

20 100 %).

In step S313, the hidden surface removal processing
means 172 writes the data of the present polygon in the ren-
dering area 34b while carrying out hidden surface removal
according to Z-buffering, based on the screen coordinates of

25 the present polygon.

In step S314, the rendering means 106 increments the

value of the index register k by "+ 1”. Then, in step S315,

the end determining means 174 determines whether the proc-



25 invention have been shown and described in detail, it should be
under st ood that various changes and nodifications may be nmade therein

wi t hout dep¥@09/p324rom t he scope of the append ed cl ai ns. e/ oRosang 4
PCT/ JPO0O/ 01119 - 53 CLAIMS 1. A nethod of processing an inmage, conprising
the steps of 5 establishing at |east one3®irtual plane (50) fromthe |ayout
of a plurality of objects (Cbl) (b2) generated by three-di nensi onal

nmodel i ng; ®&%$idgoss aldg thes padhe (56)1 bhashdesty endqdany b ecifedtht o
said virtual plane (50) by a light source (52) as a 10 viewpoint, on the
obj ect (ChProcessing foar ttddr theomadkels dhitd das gt 3men renfadhe Wigrect
(Gbl). 2. A method according to claim1, further conprising the steps of 15
defi ni ng a csdded GosrsePAcH tot ttieRutSS 055 oo PARGA™ thee nEmbly {SHuLss to
be expressed on the objects (Cbl, ©2) in Iight source processing

attri but es 3PEAFS iRY POOSESED| thep Dextare FEpRing @f e mEIP t he shadow
(56) on the object 20 ((b2) based on said shadow expression attribute. 3. A
met hoP accddiday .t @and dihe hislden supfiane remepials Wiid trespacpstofthe
establishing a shadow pl ane (150) which serves as a 25 texture plane

cor r espondi BRI RIS s FieghFtanes 1M anaepBoPadkaidddirg t he shadow (56) of said
object (Obl) fornmed by projection onto said virtual plane (50) on said
shadow pl ane ( JA50he phaafessioDABAIY ther/Raodey el Mg T sYRERT i t he
shadow (56) rendered on said shadow pl ane (150) onto said ot her object
(02) by WéWqﬁrqggaﬁhqg,ﬁﬁ§qﬂyﬁf has been ended in step S315, then the

sequence of operation of the rendering means 106 comes to an
10 end.

The processing in steps S303 - S313 is repeated to of-
fer the following advantages: With respect to the polygons
of the object Obl that is positioned mostly closely to the
light source 52, only the initial data Di is written on the

15 reference shadow plane 150. If the initial data Di repre-
sents transparency, then no polygon shadow is rendered on
the polygons of the object Obl.

On the polygons of the object Ob2 that is the second
object from the light source 52, there is rendered a polygon

20 shadow of all the polygon shadows of the first object Obl
from the light source, which is present in the range repre-
sented by the projected coordinates of the polygon of the
object Obl. When the processing on the second object Ob2 is
finished, the polygon shadow of the first object Obl is ren-

25 dered on the second object Ob2.

Similarly, on an object Ob3 that is the third object
from the light source 52, there is rendered a combination of

the polygon shadow of the first object Obl and the polygon



5 4. A method according to claim3) wherein said step of mapping the shadow
(56) onto sai'd other object ((b2) by way of texture nmapping conprises the
step of mapPP¥ef22he shadow (56) onto said other object (CbZYCE§P%HVIBf
texture mappi ng based on projected coorgdjnates of said other object ((b2)
10 onto said virtual plane (50). 5. A hod according to claim3 or 4,
wherein said step of mapping the shadow (56) onto said other object ((02)
by way of shefelr @fmthsi $§ceSprPIestt R®2st ep of mappi ng the 15 shadow (56)
onto sai d ot her object (002%51 by way of texture mapping with respect to each
of pol ygons of I&ait@eodFor ShaydewingopzPCess Rcr?é’tqﬁﬁd‘ga&%rtd}%gﬁﬁ?%ny one
of claimse 3 to 5, 20 further conprising the steps of: determ ning

coor di nat 88PeAiEent .oFSedescrdbed eh9yeni PR Xiid fuahtP e &P (32)°8s a

vi ewpoi nt; determ ni ng projected coordi nates qf said ohjects (Qhl, b2)
onto the Fabldshesd £rom sde JFyosdsofery Piwrégditryecﬁﬁ PeREPIT S sai d

| i ght source_ (52); and rendering the shadow (56) fornmed by the object (Qbl)
on sa d sKSd&W ﬁl%‘iﬁé’f'(dfwsdé’é’@g SR dedii@Gyr Gkt PTTIU Hhadow time
texture mappi ng. onto one of the objects gﬂg&I ODQZ}) . WD 00/54224 - 55 s
fini shed. 9PETLFPHE0 PPISCES Whdethdd £oded By tFisfma 94e Hete
conprising the steps of 5 determ.ning the coordinates of said objects (0bl,
B2 and VHE ) Bori s SOUTES A5t SHRIHTE tHSXREFITY he
virtual plane (50 i th respect .to ch of | ygons of the_objects (Obl)
B2) ;1 eqifst &R RATETIEANE Rimdie: SORATAtEE S 5 THdsT g b 1%t (116)
successivel.,y.i.n the direction from.said |ight source (52); and
successi v lyghrteftﬂ%gcet rtébq%?t\fé\f%&béggrtdi nates fromsaid rendering |ist

(1l 6.‘20 for r end%rpierl’g.ftiQ:ealS_lgra,dan::(e%fse)re%nces asih%dsorevadpﬁvglrpé aﬂ?o (a{LnScP )a gen-
erating shadow plane 152 which are texture planes corre-
sponding to the virtual plane 50 are set up, the shadow of
an object which is formed by projection onto the virtual
plane 50 is rendered on the reference shadow plane 150 via

15 the generating shadow plane 152, and the shadow rendered on
the reference shadow plane 150 is mapped onto a next object
by way of texture mapping.

In this manner, it is easy to express shadows can with
respect to a plurality of objects arranged in a complex lay-

20 out or a shadow with respect to an object having a complex
shape.

In thls embodiment, since a shadow expression attribute
as to whether a polygon shadow is to be expressed on an ob-
ject or not is defined in the light source processing at-

25 tribute in each record in the object information table 110,
the process of expressing a polygon shadow on an object can
selectively be performed. Therefore, the facial expression

of a principal character in a game, for example, may be pre-



15 8. A nmethod according to claim6 or 7) further conpris ing the step of:
effecting owpass filtering on the shadow (56) ren dered on said shadow

pl ane (150Waieysgddd ng on at | east the 20 di stance from sai d AQTg®R00/8119 ce
(52) for thereby applying a blur to said shadow (56) dependi ng on at | east
the di stance fromsaid |ight source (52)38 9. A nethod according to claims8,
further conprising 25 the step of: interpolating the shadow (56) rendered
on t he geneentefnfrematienngl hhddéds5by whenshadpw efpapetbdronbjercd .obj ect
(@b2), according to rendering dependi ng on the shadow before WO 00/ 54224
PCT/ JPOO O111 9 A Bfopi shadowibgeptroteskoacpasdifgl ter angecohd emhddw-aft er
it is subject to lowpass filtering, and the |ight source coordi nates of

t he obj ectmentbefptbeepsedentoinvertibn wihir bkl dagcrhbedl below waith shadow
(56). 5 10. A nethod according to any one of clains 6 to 9, further

conpri si ngrepeeparengoaFi68er ence0shhdowgpl dBe (150) and a generating
shadow pl ane (152) as said shadow pl ane; 10 each tinme the objects to be
procefsed swi t clher drppnehadowhnghprocespyangorfidnghtidothes56pcraddemed on

t he generating shadow pl ane (152) onto said reference shadow pl ane (150);
and each tbagimpatshadensest)adhysthe samer afcthehdgeow $BapPyABI( PSOF-i s
mapped by way of texture mapping with respect to each of pol ygons of one
obj ect, reﬁﬁérﬁﬁgoﬁdéﬂéj§@t§gel get(sabogimepns 96P?§§ntbﬁﬁotg&i€e@rrtual

pl ane (50) as a new conbi ned shadow (56) on said generating shadow pl ane
(152). 20 f¢ripan@eRsd aecshai Agoroskpdprming, PFAFeREr N@8npr PitAgeake step
of each time the shadow (56) rendered on said generating shadow pl ane (152)
i s copi ed BRP6e§&LAIr BPARENEB0sRaBORLRETHRENE P?EM?PnngééPWnéepéﬂﬁﬁags
filtering on the shadow (56) rendered on said generating shadow pl ane
(15210 12. op kBehddsiererdfrg™t Enel aiaPE1SORGFEhER - cBRpAPSLAGEEAWBR00I 54224
- 57 the steps of PCT/JP00/01119 preparing, in addition to the reference
shadow pl aRBTEREDPSE&Sd1PhEIGendrati ng shadow pl ane (152) as sai d shadow

| an kgr oun hadow pl an 192) which,i xtur
plane, a backg R4 gh%wgdgn 918.628,91% thecliggtasggrgg §2 is not a

point light source, but an extended light source, then when
the virtual plane 50 is located in a position close to the

15 object Obl, the object Obl casts an umbra Ss on the virtual
plane 50.

When the virtual plane 50 is located in a position far
from the object Obl, the object Obl casts the umbra Ss and
also a penumbra Sd, which is a blurred shadow that surrounds

20 the umbra Ss, on the virtual plane 50. The degree of a blur
of the penumbra Sd increases depending on the distance from
the light source 52 to the virtual plane 50.

The drop shadowing process according to the second em-

bodiment is arranged to realize the characteristics of the
25 penumbra Sd.

Specifically, as shown in FIG. 18, after the shadow

plane rendering means 168 has copied texture data relative

to a polygon shadow rendered in the generating shadow plane



5 plane corresponding to a background virtual plane disposed behind the
object to beéﬁrocessed with the |ight source (52) as a vie3p0|nt
renderlng &5 f or med by projecting a shadow (204) proj TLROUNAY sai o
virtual plane (50) onto said background,L0 virtual plane, on said
background shadow pl ane (192); and mapping a shadOM/expressed on t he object

LS?S?dPLSC}§fZed bT BE TS %%g%%i[ﬁﬁfgﬁﬁingﬁ%%g5§8riﬁt§ BB, 85R79, ke Shadow
6) 1 .
ek our BLRERP Fisedestly hdfs] ?gﬁt £ESots ?8%?5?%%?%&959r§89d°8bject

13. A neth d acco dlng to

t h h
steps of - B cErRut it HASEERR b6 Pifftodnifen poapatoaf SRR Tha?
| f d_shad | 150 d, ref t ded | i,ght
Source (2160° HRTETRIRG HoadGHoneRE 167 o SPH Sardciiosgatha i
t f , f t 102) f
ot abfi sni - eRERESEF O Pl (AT pfgﬂﬁrkéb?gfroh{fhe”FZ§§u§ of a plurality

SB/EZEEZ;? ggbggﬁéﬁég%ggﬁgratgg?b¥a£ egg%esgﬁgzhgggl %8 %E%??aprokectfd
the Iignt YaEHEE vt SOLYER) SRAaPE: fetnEhes & (gﬁ? é?ﬁsﬁ%tﬁ Rohe: (50) by
glg?hfgz,(éﬁg&o&h8£a§ #lrs Jgﬁﬁgé%?sé)t%Slo@n QBBa%QE%% g?ggdto

erelrn Sal esS neans

shadow expi £354nc8L 51 DL oSy IRRLNEE ghbesshadevebot) eapkasgethe

expressed on“the source process attributes

of 108, 90 8852eL Bk o B2 epdnihsLe) "aspblazhiond vRg " nalglgﬁkeco rises

means for ectively expressing t ) ont ] ect (Cb based

on sai d_shagoneExpE cpeion &1 LihbULEes1Pnde. A0 BRO3EALHS afaaef ag to clalm

14 or erein sald second neans 04) has rendéring nmeans (106) for

establIshlegearébagewaphﬁaeaﬁééoél$@50908eﬁgeilaﬁtasbﬁfbergthaaemore
corresponding to said virtual plane (50), rendering the shadow (56) of said

object (Cbbluipegedrby 8fot8REEORaeNELOROLAA! HiYhtt HBlirBkaBe .(S@Akcorasai d
shadow pl ane (150), and mappi ng the shadow (56) rendered on sai d shadow

pl ane (150ingnte tR&dsetbRA eRbeaimeRR?) 1By tnaypebskaxt ubgedRPRUAGerl L. AN
apparatus according to claim 16, wherein said 25 rendering neans (106)

conpnkses mpaasfterenBpprog the phadavusS6)hjentonamabdrotinestel €gios(Cb2) by
way of texture nmapping based on projected coordi nates of said other object
(2) ontoshawd ¥hrrmal pl asrefiS58he texture data relative to the poly-
gon shadow rendered in the generating shadow plane 152 is
subjected to low-pass filtering in step S320.
In this manner, as shown in FIG. 22, when the object
20 Obl is processed at a stage P1l, the polygon shadow (umbra
only) of the object Obl is rendered on the generating shadow
plane 152, and when the object Ob2 is processed at a stage
P3, the polygon shadow (umbra and penumbra) of the object
Obl and the polygon shadow (umbra only) of the object Ob2
25 are rendered on the generating shadow plane 152.
Farther from the light source 52 and each time objects

are changed, the polygon shadow rendered on the generating

shadow plane 152 is gradually blurred depending on the dis-



W O 00/54224 - 59 18. An apparatus according to claimsaid rendering neans
(106) conprises nea shadow (56) onto said other object ((b2) 5 mapping with
respect toWsn¥p4d34 pol ygons ject (Cb2). PCT/JP00/ 01119 16 orPCO7JPoqddi®i n ns
for mapping the by way of texture of said other ob 19. An apparatus
according to any one of clainms 16 to 18, 4®herein said second neans (104)
conprises coordinate 10 cal cul ati ng nmeans (138) for determ ning coordinates
of said objtace (d@m Wy)lighth sUTEe iRt source (52) as a vi ewpoint, and
determ ni ng projected coordinates of said objects (OGbl, Ob2) onto_the
virtual plane (58)® RREEN dadew, cengdenad gh iy sie $hyPRY source
(52), and wherein said 15 rendering nmeans (106) conprises neans for
rendering tRHEhIRAY T36)Pe TP Hy the DbjRAES (Kb jeire £’ hEHRRY DI ane
(150) based on sai d projected coordi nates each tine texture maé) ing onto
one of the UL Q%#én%zssi%eqqnﬁdsﬁﬁ&lezonozmtwra%p%n%thﬂs lgtcc%‘?‘&l’r"‘ng to
claim19, wherein said second neans (104) conprises rendering |ist

gener at i ng SRd&RETIIMtesy bt FHiff nithy e RVOXTITRALIV STERAGHER PR
(Obl, 2) and the ]g%oiect ed coordj nates of, said obj ectangObl, OoZ%jofnto
Lhe Vi rtual thi FRNGEHNIRG (Fhadapaians ek H LS WSkt HROBTERR Shioct s
(Obl, 2), and registering the determ ned coaqrdinates in a rendering |ist

(116) succe&FRI A P13 e RISy thom&hid 1ight source (52), and
PCT! 3P007 01110 -E0HHE (LETR AT P T2 TSR AP obf dFABLRESTHbrm sai ¢
(150, 5 2met ek RASRIGH R s maeRn ooy Fopdeded Ol fhé"

{he. ShAdow Ta5 = GBI GI S niou bl S 1s0r Rt T B Gt Bet
sai d Shadow ETEHS dEhehlt T (Bek e HReL adBied #2a % g °

source (52) [ i 0 i i i egggring
means (106)p%§ﬁ%?lﬁsﬁ%§£%?\{sy?%ﬁgﬁcﬁ%£r%éaﬁq% tcﬁ;ﬂe%e\;@g%%v&?%%p?rén ered
on the gen i Shado I MESTON [ fad sle%, i ] ect
(b2), accgir)ggﬁlggsto ren\(ljﬁeir)i%@J(ependi%%e%{réé%éess‘ascﬁéﬁg%ébe o’?%??é idtgi%s)ubj ect
to | owpass fdttering, the shadow after it is subject to |owpass filtering,
and the light source coordinates of the object to 20 be processed, for
therepy control | A ngrépesadéwdig Sisbed RVt d@Ping 28 ANCRPPQ ShbSA1 -
according to any one of clainms 19 to 22, wherein said rendering nmeans (106)
conpri ses neams $OMtES PrePadit Nthwved i ance Shadtys @ aved (H&dw ande1a
generati ng shadow pl ane (152) as said shadow pl ane, and, each tinme the

obj ects to bpeferosesses BIes ched ramaugh t2o anot her) copying the shadow (56)
rendered on the generating shadow pl ane WO 00/ 54224 PCT/JP00/ 01119 - 61
(152) onto sai d Imfenendeoshhsitodowiremerddedys aachrdand to nmehé hehishddow
(56) on said reference shadow plane (150) is mapped by way of texture

mappi ng w témbedirent ; owkeir ha afo Ixdorgimddw orenddetton rigmiegémgrating
projected inmage (54) of 5 the polygon onto said virtual plane (50) as a new
conbi Aeéd shelkdpy 5)ams b%2 digeenprgssrf simdow @ ieet (WE2)the4refigrence
apparatus according to claim 23, wherein said rendering neans (106)

conpri ses neadow aplareich59i nkt tie Itertpalatddbacearntimedtonrendering
generating shadow pl ane (152) is copied onto said reference shadow pl ane
(150), effeCthny nanwrgassensel eieprpding n sttswldve XEEN remkewdefosai d
generating shadow pl ane (152). 15 25. An apparatus according to clai m 24,
wher ei n sai Ht r epdewh hec hebdisl ¢4-063s < ofipk i emingre aiize frelygepashadow | af -
addition to the reference shadow pl ane (150) and the generati ng shadow

pl ane (152)tes Lhi Hs seablderhl teelowr Brek FouirRr Brdoan gl the 1197y seueh is
a texture plane corresponding to 20 a background virtual plane di sposed
behi n@82t he ©9j @ePTrEbnakeprotecthirdbiftth thde iRRCeaIIREe [TR)thaereby

vi ewpoi nt, rendering a shadow formed by projecting a shadow (204) projected
onto said VFPRERPLBIBGLRSOY LRt Rf SEhel BRI UFREARY t ual pl ane, on sai d
background shadow pl ane (192), and mapping a 25 shadow expressed on the
object to be proResShavByinaylof 23xtthe BRI, SR IhtEePRRERE MF T he
shadow accordi ng to renderi ng based on the shadow (204) rendered on said
ref erence sh’é%oar’ﬁl shadevsplanefie sifadovi RO IHEG7ETS sthPE R HRNe WSO

001 54224



- 62 PCT/JP00/ 01119 background shadow pl ane (192), and |ight source

coordi nates of said object. 26. An apparatus according to any one of clains
16 to 5 25YOW&#2¢n sai d rendering neans (106) conprises ne§%§”?ﬁwnlw
establ i shing an extended |ight source (710) as an initial value for said
shadow pl ane (150), and reflecting said éx tended |light source (210) and

formng a shadow t hereof on said object._ 10 27. A recording nmedium storing
a progranﬂ%ﬁﬁmﬁYEﬂ$kF¥?EP§t%R@dQW pignest 2t i shing at | east one virtual

R R e
a5 & vi cut LS 192 8 cebSecnspleste P WheRotng nitvaln PRREORCL o
57, whor o1 1F S ETbpt 0o SonpEs LA HELSF Bt ORLEEPF A hot AnEadoBnEx
by scts (9 LYah) SFRAPPole Soutetsr Bredst s8TPGRR: FFRDUFGSRBPPLRE obj ects
e shadowTSBs>BrwehEh oBF EEC T OB - BRHA b s Rt SRAdb ek Hpe soRORvat 1 1 b
5 O SRS, 0. R SR 25865 0
Cor esponct g s Capheehrlar pFand TEyTE cfichrfs ehethaRoloBitpes

320 d obj echolohd) LATPRd BYPLOLECLEGH OALOLERR XLLEUR! 5Bl 8o caOhpon sai d

shadow pl mappirng the s rendered on sai adow
D S8l S50k aR g UIEECOPLACLEE) R, U8, el B UE IR IR, 30
conpri se tQ8p§5§9mg£ingping t he
An arrangement for carrying out the drop shadowing
process according to the third embodiment and operation of
the drop shadowing process will be described below.

15 The drop shadowing process according to the third em-
bodiment is essentially the same as the drop shadowing proc-
ess according to the first embodiment except that the vari-
ous setting processing means 102 and the rendering means 106
have partly different functions.

20 Specifically, as shown in FIG. 24, the various setting
processing means 102 has the table generating means 120, the
layout information registering means 122, the coordinate
setting means 124, and the light source coordinate calculat-
ing means 126 which has different functions from those de-

25 scribed above.

The light source coordinate calculating means 126 de-
termines light source coordinates of the virtual plane 50

based on the world coordinates of the virtual plane 50, and



shadow (56) onto said other object (Oh2) by way of texture 15 mappi ng based
on projected coordinates of said other object (b2) onto said virtual plane
(50). 31. Aoeesned ng nedi um according to claim?29 or 30, werBIroosaio
steps (c) further conprises the step of mapping 20 the shadow (56) onto

sai d other object (2) by way of tex tuf@ mapping with respect to each of
pol ygons of said other object (Gh2). 32. A recording nmediumaccording to
any one of mdgismedb 2 t0 cdbrdiherts nirsa bridyr rdnifad tdarerayx onprisiebe t he
steps of determ ning coordinates of said objects (Cbl, 2) with said |ight
source (52)ax®s &5 evitha ritighend cobdosr Mourminate jeediced atoiorglineres 1026 sai d
objects (Cbl, b2) onto the vir WO 00/ 54224 - 64 PCT/JP00/01119 tua

pl ane (50) asisexelediemiindsn ld ghtr ecturare awsrdirahesaial 1light- goth dm|mgle?) ,
and wherein said steps (c) further conprise the step of rendering the
shadow ( 56)gxfcormidedriytudie pdlgnest th@El )Jaren wiaitthaslad di gposesl (HBt)ndased on
said pro jected coordinates each tine texture nmapping onto one of the

obj ects (Ospeddide iab FaatissedieBdn Aheedayiuly st mma Hicoorafl nghe ookt ai m
32, wherein said step (b) further conprises the steps of determning the 10
coor di nat esiegft ssaiahdlyearitss b2 - cCs2)d iyt e sheofridjee e mol e dli hisglels  of
said objects (Obl, ©2) onto the virtual plane (50) with respect to each of
pol ygons ofsaurcebfemdinaligs i0h e spent sy ipnaste tarmine dlaarray meari -
coordinates in a rendering list (116) successively in the direction away
from 15 saiable gneabllle ( ¥2N. and wherein said steps (c) further conprise
the step of successively reading the registered co ordinates from said
rendering |ist @siehdvwy inedd&i PP + Hhrssirahsle(i3g) mapnsilP sHRIAY pl ane
(150). 20 34. A recording nedium according to claim32 or 33, wherein said
stepslQc) magRsd Qoifia sdn Wéidsittéwfbft%f‘%&tﬁwq%\&epﬁ?qu tR¥any b1 t he
shadow (56) rendered on said shadow pl ane (150) depending on at |east the
di st ance frioif dhed 9enpRa kg & adey H@Ene HétebypRaFkEF Ml ihadP%ai d 25

shadow (56) depending on at |east the distance fromsaid light source (52).
35. A recorbe]ifH% neth &ﬂge?&ﬂ}rldﬁ AFHINQaLitR e GifKtdne anRs otia b the

image memory 34 in association with the 1lst - nth background
virtual planes.

15 The rendering means 106 has the shadow plane initializ-
ing means 160, the packet reading means 162, the table re-
cord reading means 164, the object determining means 166,
the shadow plane rendering means 168, the polygon shadow
display determining means 170, the hidden surface removal

20 processing means 172, and the end determining means 174.
The shadow plane initializing means 160, the shadow plane
rendering means 168, and the bilinear processing means 190
have different functions from those described above.

The shadow plane initializing means 160 writes initial

25 data Di into the background shadow plane 192, as well as the
reference shadow plane 150 and the generating shadow plane
152, to initialize these shadow planes 150, 152, 192,

The shadow plane rendering means 168 renders, on the



- 65 PCT/JP00/01119 said steps (c) further conprise the step of

i nterpol ati ng the shadow (56) rendered on the generating shadow pl ane (150)
when it isWOSER4ed on sai d object (b2), according to ren&@?ﬂﬁ&”@%ﬁ%nding
on the shadow before it is subject to 5 Jpowpass filtering, the shadow
after it is subject to |low pass filtering, and the |ight source coordi nates
of the ob ject to be grocessed, for thereby_controlling the blur of said
shadow (56P2Sk8TSBNAASPEHBFIPAGRRedPdm 2cPBLYIRG FB@%&%<§9§WﬁdtﬂQﬁqn§'29 to
35, wherein said stegs (cé further. conprise the steps _of pre grin a

ref erence BRAYERPpFRALON1BEPISHEES §BREY §pien§l§ﬁé‘@&wpﬂiaé‘ﬁes@g B B ¥sai d

shadow pl ane, and, each tine _the objects to be processed swtch fromone to

anot her, c8pYi AG298Y RENERIGEWCPSERer ERISFERCEN SPREFe kRS iy hddow pl ane
152 t i.d f had I 150), d, h ti t he shad
o) om oSG hadon Py e, (h20) o Ak SE e ahadon
broj coied PhmBLanss) vOF 28 LiNe a50PPaA BAAIREa AR RISAY pIEAREY &5 e a
Fecor ding ARGTARCECESPE A0% 3 18P APUSCewer 600 0 §atapd AN ther
Gener at 1 ng (ERBdoW B EASPAES P EPBoYAEE B & TeRd R & Eh P SR ne
(150), eff;ctin | o s filteriing.,on . the shadow (58) reDnd red ondsaid gen
nEES BPsnd 1BREspourcnsg0aashy setE ey sckgropia )
?ggg;ggnz nedrlélan %di f to clain1§7, wher.ei ai_d step (g} furt her
virtnal %&%ESrB%gFi%Qcoord ggxe of élqﬁ%g OB 2, the 1

conprise the steps~o0 ,rn-addition to rence shéﬂbﬁ?plane
150), sand rati 52) as said shadow pl ane, a back s
ér ou)nlg shaég\?"v %ﬁ%%é&%kg% %ﬁg\#lﬁbaggt%it'uze pl ane corre spgndi ng to a
background virtuyal pl LS i i€ e ) W th
the |ight sourcg'%&@)ﬁg'geg v?’g%%sgﬁgg?g‘r? E'r%i (r%lgoa%tsf#ae (;é\%v fl%:wr?%g Ethl
rojectin d 4 I.&c i i rrugl Ib%{@( nto said
Eacjk 10 g?g%r%lﬁgi ?)\tﬂugat?‘%p%pgﬁ , g‘n%‘%“&%%@ﬁ‘g‘r@%&ﬁd Og%g%)c?\?v p ar?gr%?)fbog), and
Tappi ng a SRkl PIRNESI8d OBl RR1ADIECI O ol YIS taebyP - difbera It T e
mappi ng, while in?grpolatiﬁg t he éha OM/accorging to rendering based on the

shadow (204} ¢l ¢RARFaT 107y SRadokepdagrecq sshadow pl ane (150), the shadow
(206) rendered 15 on said background shadow plane (192), and |ight source

coordisnat es of $peFa¥RRClof Ihe AroPL FnAddsyiFRAipHD RGO drdihany one of
claims 29 to 38, wherein said steps (c) further conprise the steps 20 of

establ i shi nheanh@xiceraaddin@htt $AUICHe ABcrabed dlidy ali tialter drnesai d
shadow pl ane (150), and reflecting said extended |ight source (210) and
form ng a deadaBst.hereeahreughaié .obj ect. 25 40. A program conprising the
steps of: (a) establishing at |east one virtual plane (50) fromthe |ayout
of a plurality dn cijepst $400bl-, SA2) sipenar dned I8, tderee:li nETSiOmlset -
nodel i ng; and WO 00/ 54224 - 67
ting processing means 102 generates an object information
20 table 110, registers information relative to the layout of
objects in the object information table 110, registers the
world coordinates of the screen 176, and registers the type
of the light source 52 and the world coordinates of the
light source 52, as with steps S101 - S104 carried out by
25 the various setting processing means 102 in the drop shadow-
ing process according to the first embodiment.

In step S405, the coordinate setting means 124 sets up

the layout of the virtual plane 50 and the l1lst - nth back-



PCT/ JPO0O/ 01119 (b) expressing a shadow (56) of the object (Ool) projected
onto said virtual plane (50) by a |ight source (52) as a viewpoint, on the
obj ect (Cbwp oplsat24i s farther fromthe |light source (52) thamrctrireowdijmsct
(Qbl). .A@@ A3, . A . @A39y. AGA A . AG, . A y. AU A
. A@GA. AY9. A . @ AYLY. AF. AF. . A. . A3. A . Al .-A.44A. AA. Ah. Ah. ABA A A
U. A3. A& A. . AF. AA. A U. Ah. AY. . Ah. A U& AA Al . AA. AY& AF. ABA&y. A3. Ah& A .. AFU. A
. A3. . A A AghoAAdARifAtuAlUpAaflkes, bAded onAlthA. poliAliof Af4thMO1ight
H$' 61 )] G xsni d*Y] caU] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] saheakcapcaiozkaalinatnéaheahgajaztiablet aXea ¥% BoN the lay-
I wr |l gb] X] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cahtajinépemhtapaabfabbgeltsa! ¥eohsCeted @R wief @bileca] dalffoatdaca] caU
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] cak2ph] 8apikdnBK;,, calculates world coordinates of the virtual
v~}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] c&] ca] pahoa| 68] aaficaheallea] caphth! bAkckgzZplinkd virtual planes, and

"Irx"tt) #d##{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca
] ca] ca] ca] s&prealc &heafeadfudpdaldc speajic spoalidapte'sHARSIERIAIDORIRLIKaEE <' U
e(Ry))) %W M*s++++, , | wnhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] (ra]yca]ac‘adpda] exkeas] @d],capdalcafloa] caljcalcalcal!,,GIl,K M, 9-h-N
.u/ v/ /001Ql 2r 222%$3\ 3333441 44
5] 5{ vqgl gb] Xmhc" ¥h] s&ppapdfkcaltbe] ddpbd] sahecakc gpoalddajladaUjced]jcsdjaddn@a) cal ca
] ca] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca] cal] ca
] 5556 Vbt 668#AnE7 18NBE83883ater0ddght source coordinates of the virtual
<C<} <<<<9={vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca
] ca] d&)] ca] PAReg] &8] eafc &pealsd] capdd) barsgreang=yixtals plangpPhast @aR
ALAMAAABVBBBC,
CzCCC{ vql gepXEtheayeajldarearddpaipsapéaltbs) dipba] conesec dic apdaltés) ¥dfca) ca]
cal] ca] ca] ca%L ca] ca] ca] ca] ca] ca] ca] ca! CCoDt DDD&EAECEFEHEEE7Ft FF( GGHI | 1 YK
{ KKK) LcLLL w%l;wﬁu éozmtgﬁ]eﬂ] d8] thpc ArEayc ¥pEapedEc Aressc a%]%a]zéaU]ﬂ@é’U] cau
] cal] ca] caU] cal] caU] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] c
MVIVR No NN eteaas RR8’§ §§ST?a>}§H|1& zF]ca']OE% é1°@&]déé*ja6§jsc a] ca

| cal TRITTURS %aees%cwbamwa S e aksohentealeaaal paleal sleal ca ool ool ca
]a]: 2]31] a]: 2]31;: 2]aca a| cahﬁfg[raf]ggae\s\a] cata] ﬁa]gc ?Je ca]O%a]pc a_] (G5 I]mc a] t%ae] cajcalc
ca] caU] ca] ca %c]a)% g"ﬁ% & gl]ec ]é’?%kc %L%ﬁkg'?é‘c akﬂ%@b%%wk LIESL

ddOel eeef Qiff ft{%]qlfg_?]s)é] %]m 3] calgal ]o(i%] ca].l%a gHgggS’]r%C Gal] ca] ca] ca

] ca] ca] ca] ca] ca caUl ca]ca]caJca]ca ca] ¢a] cal , h. hehhhi Vv
1113] b 2Kl b FRal Gl Xhe) Gakeake %ls&%]t&%]gcﬁleca@ﬂsc%qakﬁa]lc%]&a] ca] ca
] ca] ca] ca] ca] ca] caJ ca] cal] ca] calUca] ca] ca] ca] ca] ¢a] ca] ca] cal cnmmmWir nynnnn+
0e0000pEP{ pRP qelseed h@" beh/ow1BSS| wr mhc”Y] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] ca] ca]cal s#t?tF
t]t}tad t - ui uuuvippeny OWnWAMeSX oo \Webwn in FIG. 27, the shadow plane
zzLzXz| wnmhc”X] cU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]
i:a] i:?] i:?] f%ﬁ%@g]ggb@ah@a}@ah%] o2UkeR] ¢ahderdanty-idldns 106 reads ini-
~~01J~yt o] e ila¥maet¥| baalreaht ahealiealaahc ahtalraalc allscalataletlaeatd ealecal] c
a] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca JsNipt/

[zt oi d_ZU] aaliGaaaajaadld] 03] aaliter] cabhaalC phaakc ahtal 6l cajda Ytha] galdesal cal c
a] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca! @kN;

N1l #[ oln~ytepjc [sWllded] palae@] adjocaltda] gaheahtahe? dhe@losa]paalned 152, and

UV] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7qJ5q2j

Xa9{ v gb] Xhle] Galckafroancalshalded paked] adbgalrealigaliaaliale alhealec adhaalcal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9X

'] <w&BkO\{ walaglelsX1]slogalic],caleea) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc
a] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca]ca!l I2>o{Imn\

{val gb] X] ] ] ca] calcalted| cajocs] calec aendetdneameancalos| caldres| aal dalicdhaa] caj
ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca! TG {- HJ auuFz&zupkfa\W]]ca] ca]ca]ca]c
a] ca] cal] cajadalec df¥Fd] day caprealisteic &) edlich] daUusa]dc ajoc slava] ddlec @pbdaletal ca] ¢
aljcalcalcalcal & L% K kG

{vgl gb\W]]caU] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca] ca] ca]ca]caU] ca] caUlca] ca]ca! #"]8s0\7t' 3: L[ Dlwnhc”Y]]]]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] cal] ca! A+f [ EI LU} xsni d*Ynhe Y] []] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢




zGzzzz{|| Ul a| h| {vqgl gb\W ] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] cal] ca] caU]'ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca! h|w a}}}~& ~PuW

, GN{ vpke  VOPOEH2] | caU] c] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] cAFTABPEUIES] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal] ca! "MO i K-Yz10%&' ()-s10%& () -
10%&' ()- 910%&' ()-, 109%& ()-, #10%&' ()- OF@OY%& ()-3_

H$' 6i K- #109&' ()-3"10%& ()-1 @ 109%& ()- #10%& ()-1110%& ()-ly ! 10%& Q-3
109& () - 6 }pPRexoijoag ipifial value "0" in an index register k whic

y/ 109%&' ()--10%&' ()-3+$109%& ()-) 109& (%‘ 9! 109%& g) - @810% ()-G H 19! 110
"=109&' ()-1s198@d(foLarrTobRtRe - RRChEUR L}4Ff Bnd]eugipiidaioyvalue "On0L3
109& ()-1!1109& ()-Y'109& ()-", 109& ()-, 109& ()- 9109%& ()-1010# X iK-1I"
10%& () -1 ! 1Do@n(Ingey AOIRSEFT3IBIvhRCR) 16! Re0@ Lp- §e0%8N( Fhel1baRk( ) -

Ji K-1F+ %40%& ()-F ) 109& (?L-' L109&' () - 98109%& ()-Y $10%& ()-F "10%& ()- @
10%&' () - X grepndviptugl planes, for thereby initializing the register

10%&f%)-I7F10%&' -F5S#10%&f()-3&!10%&T()-110%&f()r/&!lo%@f()--lo%&f()-
1 AYAFD° 9 1Bo@nd 16hg; LRdex TeURSEPTE Kr1Bowu& ()-f! @10% & ()-f101010S;
S 10% () - YAE AL 22D Bh03 e hadka? S bhifg hoant) 162 reads a
packet 114 at a point (kth) indicated by the index register
k from the rendering list 116. In step S504, the packet
reading means 162 reads the object number i from the read

10 packet 114.

In step S505, the object determining means 166 deter-
mines whether the present object number i is the same as the
previous object number or not, by determining whether the
value of the index register i is the same as the value of

15 the register R or not.

If the present object number i is different from the
previous object number, then control proceeds to step S506
in which the table record reading means 164 reads the i re-
cord from the object information table 110.

20 In step S507, the shadow plane rendering means 168 co-
pies texture data relative to a polygon shadow rendered in
the generating shadow plane 152 onto the reference shadow
plane 150.

In step S508, the bilinear processing means 190 effects

25 low-pass filtering on the texture data relative to the poly-
gon shadow rendered in the generating shadow plane 152.

In step S509, the object determining means 166 stores

the object number i in the register R. Thereafter, the ren-



10%&' ()-F 109 ()-3 10%& ()-1/dE AF "9 10% GA0%&' () -
10%&f()-Y&lO%&f()-YFNIlO%&f()-FS!lO%&f()-‘#10%&T()-/hTaB‘AF "9 1098 -
109 () - +WOOm&4Z2p-1 )M 109K ()-1"'- 10% ()-!'1, %@&10%& () - | #PC¥&Piye1EIE AF
"9 10%4.910%& ()-Y7- 109% () - 3f5$10%&'() sBL'lO%&'() 1
10%&f()-|y/'10%&f()-- / 0<BQCF "9
109 " ! 109%&' () -#910%&' ()- @O0%&' ()-FL10%& ()- 10 10 10,;!'10% ()-2ndEbCF "9
1098! 109&' 4d4xrbng OMBaris - FOE ORECKomdmee’ the| vaDoR ¢F -thd 0V@A¢Xx - tedEBCPr 9
10% 109& ()-F s 109&' ()-910%& ()- 10%& ()-3%$10%& ()-, 109%& ()-3?y*dEbCF "9
10%-+3" 10%& ¥y - )+ 10%&' ()-' 109 ()-Y &
"109%& ()-9%$10%&k ()- FF"#10%&' ()-*f4l dEbCF "9 10%®
109 ()- 7109 (AfFer 109 ByoceSIDUR (N - $16pRS$I0-19 08&N{$hS&KbCF 19 theo
| 109& ()-3s!10%& ()-109% ()- !10%& ()- 10 10 10y; 10%&k ()-K;, v~dEbCF "9
10%-S10% pyesent 00RI ¢t nunipsR’ 1) igstoeRsape agObvkge (previous object
5 number in step 8505, control goes to step S511 shown in FIG.
28 in which the texture expressing processing means 154 per-
forms a normal texture expressing process. Specifically.,
the texture expressing processing means 154 performs a tex-
ture expressing process such as shading, texture mapping,
10 etc. based on the screen coordinates of the present polygon
and the initial address of a texture table 180.
In step S$512, the polygon shadow display determining
means 170 determines whether a polygon shadow can be dis-
played on the object or not based on a polygon shadow dis-
15 play attribute of the light source processing attributes
registered in the corresponding record in the object infor-
mation table 110.
If a polygon shadow can be displayed, then control goes
to step S513 in which the polygon shadow display determining
20 means 170 determines whether the polygon shadow is displayed

for the first time or not, based on whether the object num-
ber i is "0" or not.
If not for the first time, then control goes to step
S514 in which the shadow plane rendering means 168 renders,
25 on the background shadow plane 192, a polygon shadow formed
when a polygon shadow projected onto the virtual plane 50 (a
polygon shadow rendered on the reference shadow plane 150)

is projected onto the nth background virtual plane virtually



GLO%& ()-~$[ dBOCF "9 10% @B&10%& () - Y# 109%& ()-!g#10% ()-3,
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109 * #, 10%08' () - MLOYO () 3109%0%' ()- 10,10 101; 109% ()-18&9 10%& ()-/ k
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shadow depending on the distance from the light source 52.

In step S516, the texture mapping means 156 of the tex-

ture expressing processing means 154 carries out interpola-
10 tion according to rendering based on the polygon shadow ren-

dered on the reference shadow plane 150, the polygon shadow

rendered on the background shadow plane 192, and the light

source coordinates of the vertexes of the polygon, and maps

the polygon shadow projected onto the polygon by way of tex-
15 ture mapping.

At this time, as shown in FIG. 29, texture mapping is
carried out such that the shape of the polygon shadow gradu-
ally changes, along the depth of a polygon 200, from the
shape of a polygon shadow 204 rendered on the reference

20 shadow plane 150 to the shape of a polygon shadow 206 ren-
dered on the nth background shadow plane 202n, and the color
of the shadow on the polygon 200 gradually changes, along
the depth of the polygon 200, from the color of the polygon
shadow 204 rendered on the reference shadow plane 150 to the

25 color of the polygon shadow 206 rendered on the nth back-
ground shadow plane 202n.

If for the first time in step S513, then control goes

to step S517 in which the texture mapping means 156 maps the
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nation with the previous polygon shadow on the generating

10 shadow plane 152, based on the projected coordinates of the
present polygon onto the virtual plane 50, and paints the
combined shadow with black (R, G, B, a) = (0, 0, 0, 100 %).

In step S519, the hidden surface removal processing
means 172 writes the data of the present polygon in the ren-

15 dering area 34b while carrying out hidden surface removal
according to Z-buffering, based on the screen coordinates of
the present polygon.

In step S520, the rendering means 106 increments the
value of the index register k by "+ 1". Then, in step 8521,

20 the end determining means 174 determines whether the proc-
essing on all the packets 114 has been ended or not. If the
processing on all the packets 114 has not been ended, then
control goes back to step S503 to perform the normal texture
expressing process, the texture mapping of the polygon

25 shadow, and the hidden surface removal with respect to the
polygon registered in a next packet 114.

If the processing on all the packets 114 registered in

the rendering list 116 has been ended in step S521, then the
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Obl that is positioned mostly closely to the

light source 52, only the initial data Di is written on the

reference shadow plane 150. If the initial data Di repre-

sents transparency, then no polygon shadow is rendered on

the polygons of the object Obl.

10

On the polygons of the object Ob2 that is the second

object from the light source 52, there is rendered a polygon

shadow of all the polygon shadows of the first object Obl

from the light source, which is present in the range repre-

sented by the projected coordinates of the polygon of the

15 object Obl. When the processing on the second object Ob2 is

finished, the polygon shadow of the first object Obl is ren-

dered on the second object Ob2. At this time, the color of

the polygon shadow projected onto the object Ob2 is ex-

pressed as gradually changing along the depth of the object

20 Ob2 by the rendering (trilinear processing) in step S516.

Similarly, on an object Ob3 that is the third object

from the light source 52, there is rendered a combination of

the polygon shadow of the first object Obl and the polygon

shadow of the second object Ob2. The color of the polygoen

25 shadow is also expressed as gradually changing along the

depth of the object Ob3.

In the drop shadowing process according to the third

embodiment, as described above, when a polygon shadow ren-
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pass filtering are interpolated according to rendering de-

5 pending on the light source coordinates of the object to be
processed, for thereby controlling the blur of the polygon
shadow. Therefore, the polygon shadow can easily be ex-
pressed in a more realistic manner.

A drop shadowing process according to a fourth embodi-
10 ment of the present invention will be described below with
reference to FIG. 30.
In the drop shadowing process according to the fourth
embodiment, as shown in FIG. 30, an extended light source
210 such as a flame is expressed on objects Obl, Ob2, Ob3.
15 Such an expression is realized by projecting, in advance,
the extended light source 210 onto the virtual plane 50.
Specifically, a projected image 212 of the extended
light source 210 may be preset as the initial data Di which
is used by the rendering means 106 according to the first
20 and second embodiments shown in FIG. 9 or the rendering

means 106 according to the third embodiment shown in FIG.

25.

In the rendering means 106 in the drop shadowing proc-
ess according to the third embodiment, for example, the
25 shadow plane initializing means 160 renders the initial data
bi on the reference shadow plane 150, the generating shadow
plane 152, and the background shadow plane 192 in step S501

shown in FIG. 27, and then paints the polygon shadow on the
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In an initial stage PO, only the projected image 212 of
the extended light source 210 is rendered on the generating
shadow plane 152. When the processing of the object Obl is
finished at a stage Pl, a projected image 212a of the ex-

10 tended light source 210 which has been subjected to low-pass
filtering and an umbra 214 of the object Obl are rendered on
the generating shadow plane 152. When the processing of the
object Ob2 is finished at a stage P2, a projected image 212b
of the extended light source 210 which has been subjected to

15 low-pass filtering twice, a shadow 214a of the object Obl
which has been subjected to low-pass filtering once, and an
umbra 216 of the object ObZ are rendered on the generating
shadow plane 152.

Modulating the extended light source 210 as light sig-

20 nifies multiplying the polygon color after light source cal-
culations based on the tilt of an ordinary normal line and
texture mapping, by the extended color rendered on the ref-
erence shadow plane 150.

In the drop shadowing process according to the fourth

25 embodiment, since the projected image 212 of the extended
light source 210, such as a flame, is preset as the initial
data Di for the shadow planes 150, 152, 192, and the extend-

ed light source 210 is reflected and shadows are cast on an
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The image processing method, the image processing appa-
ratus, the recording medium, and the program according to

10 the present invention offer the following advantages:

(1) It is possible to express easily shadows with re-
spect to a plurality of objects arranged in a complex layout
or a shadow with respect to an object having a complex
shape.

15 (2) The expression of a shadow with respect to an ob-
Ject can selectively be performed.

(3) Various effects, such as blurring, etc., can easily
be applied to a shadow expressed with respect to an object.

(4) Of various effects on shadows, blurring can easily

20 be controlled for easily expressing a more realistic shadow.

(5) A projected image of an extended light source such
as a flame and a shadow produced by the extended light sour-
ce can easily be expressed.

Although certain preferred embodiments of the present

25 invention have been shown and described in detail, it should
be understood that various changes and modifications may be

made therein without departing from the scope of the append-

ed claims.
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AiOAﬁg@g&'igyou{&g &'(%léraigty of objects (Obl, Ob2) generated by

three-dimensional modeling; and
expressing a shadow (56) of the object (Obl) projected
onto said virtual plane (50) by a light source (52) as a
10 viewpoint, on the object (0Ob2) that is farther from the

light source (52) than the object (Obl).

2. A method according to claim 1, further comprising
the steps of:

15 defining a shadow expression attribute as to whether
the shadow (56) is to be expressed on the objects (Obl, Ob2)
in light source processing attributes of the objects (Obl,
Ob2): and

selectively expressing the shadow (56) on the object

20 (Ob2) based on said shadow expression attribute.

3. A method according to claim 1 or 2, further compris-
ing the steps of:
establishing a shadow plane (150) which serves as a
25 texture plane corresponding to said virtual plane (50);
rendering the shadow (56) of said object (Obl) formed
by projection onto said virtual plane (50) on said shadow

plane (150); and
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 109% & ()_;pflm%e_m comprises the step of mapping thHe shadow
(56) onto said other object (Ob2) by way of texture mapping
based on projected coordinates of said other object (0Ob2)

10 onto said virtual plane (50).

5. A method according to claim 3 or 4, wherein saild
step of mapping the shadow (56) onto said other object (0Ob2)
by way of texture mapping comprises the step of mapping the

15 shadow (56) onto said other object (Ob2) by way of texture
mapping with respect to each of polygons of said other ob-

ject (Ob2).

6. A method according to any one of claims 3 to 5,
20 further comprising the steps of:
determining coordinates of said objects (Obl, Ob2) with
sald light source (52) as a viewpoint;
determining projected coordinates of said objects (Obl,
Ob2) onto the virtual plane (50) successively in a direction
25 away from said light source (52); and
rendering the shadow (56) formed by the object (Obl) on
said shadow plane (150) based on said projected coordinates

each time texture mapping onto one of the objects (Obl, Ob2)
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to the virtual plane (50) with respect to each of polygons

of the objects (Obl, Ob2);
registering the determined coordinates in a rendering
10 list (116) successively in the direction away from said
light source (52); and
successively reading the registered coordinates from
said rendering list (116) for rendering the shadow (56) on
said shadow plane (150).
15
8. A method according to claim 6 or 7, further compris-
ing the step of:
effecting low-pass filtering on the shadow (56) ren-
dered on said shadow plane (150) depending on at least the
20 distance from said light source (52) for thereby applying a
blur to said shadow (56) depending on at least the distance

from said light source (52).

9. A method according to claim 8, further comprising
25 the step of:
interpolating the shadow (56) rendered on the generat-
ing shadow plane (150) when it is expressed on said object

(Ob2), according to rendering depending on the shadow before
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10. A method according to any one of claims 6 to 9,
further comprising:
preparing a reference shadow plane (150) and a generat-
ing shadow plane (152) as said shadow plane;
10 each time the objects to be processed switch from one
to another, copying the shadow (56) rendered on the generat-
ing shadow plane (152) onto said reference shadow plane
(150); and
each time the shadow (56) on said reference shadow
15 plane (150) is mapped by way of texture mapping with respect
to each of polygons of one object, rendering a projected im-
age (54) of the polygon onto said virtual plane (50) as a
new combined shadow (56) on said generating shadow plane
(152).
20
11. A method according to claim 10, further comprising
the step of:
each time the shadow (56) rendered on said generating
shadow plane (152) is copied onto said reference shadow

25 plane (150), effecting low-pass filtering on the shadow (56)

rendered on said generating shadow plane (152).

12. A method according to claim 11, further comprising
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(52) as a viewpoint;
rendering a shadow formed by projecting a shadow (204)
projected onto sald virtual plane (50) onto said background
10 virtual plane, on said background shadow plane (192); and
mapping a shadow expressed on the object to be proc-
essed by way of texture mapping, while interpolating the
shadow according to rendering based on the shadow (204) ren-
dered on said reference shadow plane (150), the shadow (206)
15 rendered on said background shadow plane (192), and light

source coordinates of sald object.

13. A method according to any one of claims 3 to 12,
further comprising the steps of:
20 establishing an extended light source (210) as an ini-
tial value for said shadow plane (150); and
reflecting said extended light source (210) and forming

a shadow thereof on said object.

25 14. An apparatus for processing an image, comprising:
first means (102) for establishing at least one virtual
plane (50) from the layout of a plurality of objects (Obl,

Ob2) generated by three-dimensional modeling; and




10Y&10% & ()- 10b 10b 10bl @!10%& ()-1L9" 110%& ()-117'!110%& () -
y5L$10%&' () -{>cdEnbC 10F-10% & ()-3 10% & ()- ~10%& ()-3 ’ '
10% & () - #3DR274) - : 109 & () - cNdEnbC 10Y :110% & ()-3 PCT/JP00/01119
@OU & ()-Y 10% & ()- SHIOU & ()-F'10% & ()-#10% & () - NDAEmbC
101)110% & ()-1" 10% & ()-3 &10% & ()=1%80% & ()- 3"s$10% & ()-1S
104 & ()-) deEnbC 103510% & ()-13 10% & ()-F
1: 10% & () -1/ 10%eLand Imeank0%(1814()) £ o0 e s(si-nd Y {shadak! (56) of the
$10% <- <& () - F! HP10%<<<<& ()-F 10( 10( 10(S;'10% & ()-s9y 10% & ()-Y
710% & () - gipllfot £ OLOP @Ok ed onto, sHIMGTt8ial) p@ane (50) by a
%M O0Y<<<<& ()- @109 ()-F!' V$10%<I<& ()-F$10%& ()-F $"PB4 10 10<< 10<<
10<<! 37! 1094 t( JsouPcel %R )( Jas @ vHEHPLINt, In+1lE<&HJect] LDbRDO%Ra®:&' () -
g}"?PB4 10 10<<!109%& ()-#10% ()-!'10% ()-! Ys!10% ()-
Ys! 109%& () -lIsQfArtogdsh & fom BhehdERBL EOUIPe<IISPOvEhEn SIE@Yjedt @@ONR () - |
109 ()- yl0%&' ()-'10% ()-h>sdEPB4 10 10<<
5
15. An apparatus according to claim 14, wherein said
first means (102) comprises means for defining a shadow ex-
pression attribute as to whether the shadow (56) is to be
expressed on the objects (Obl, Ob2) in light source process-
10 ing attributes of the objects (Obl, 0Ob2), and wherein said
second means (104) comprises means for selectively express-

ing the shadow (56) on the object (Ob2) based on said shadow

expression attribute.

15 1l6. An apparatus according to claim 14 or 15, wherein
said second means (104) has rendering means (106) for estab-
lishing a shadow plane (150) which serves as a texture plane
corresponding to said wvirtual plane (50), rendering the
shadow (56) of said object (Obl) formed by projection onto

20 said virtual plane (50) on said shadow plane (150), and map-
ping the shadow (56) rendered on said shadow plane (150) on-

to salid other object (0Ob2) by way of texture mapping.

17. An apparatus according to claim 16, wherein said
25 rendering means (106) comprises means for mapping the shadow
(56) onto said other object (Ob2) by way of texture mapping
based on projected coordinates of said other object (Ob2)

onto said virtual plane (50).
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5 mapping with respect to each of polygons of said other ob-

ject (Ob2).

19. An apparatus according to any one of claims 16 to

18, wherein said second means (104) comprises coordinate

10 calculating means (138) for determining coordinates of said
objects (Obl, Ob2) with said light source (52) as a view-
point, and determining projected coordinates of said objects
(Obl, Ob2) onto the virtual plane (50) successively in a di-
rection away from said light source (52), and wherein said

15 rendering means (106) comprises means for rendering the
shadow (56) formed by the object (Obl) on said shadow plane
(150) based on salid projected coordinates each time texture

mapping onto one of the objects (Obl, Ob2) is finished.

20 20. An apparatus according to claim 19, wherein said
second means (104) comprises rendering list generating means
(142) for determining the coordinates of said objects (Obl,
Ob2) and the projected coordinates of said objects (Obl,
Ob2) onto the virtual plane (50) with respect to each of

25 polygons of the objects (Obl, Ob2), and registering the de-
termined coordinates in a rendering list (116) successively
in the direction away from said light source (52), and

wherein said rendering means (106) comprises means for suc-
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dering list (116) for rendering the shadow (56) on said

shadow plane (150).

5 21. An apparatus according to claim 19 or 20, wherein
said rendering means (106) comprises means for effecting
low-pass filtering on the shadow (56) rendered on said shad-
ow plane (150) depending on at least the distance from said
light source (52) for thereby applying a blur to said shadow

10 (56) depending on at least the distance from said light

source (52).

22. An apparatus according to claim 21, wherein said

rendering means (106) comprises means for interpolating the
15 shadow (56) rendered on the generating shadow plane (150)

when it is expressed on said object (Ob2), according to ren-

dering depending on the shadow before it is subject to low-

pass filtering, the shadow after it is subject to low-pass

filtering, and the light source coordinates of the object to
20 be processed, for thereby controlling the blur of said

shadow (56).

23. An apparatus according to any one of claims 19 to
22, wherein said rendering means (106) comprises means for

25 preparing a reference shadow plane (150) and a generating
shadow plane (152) as said shadow plane, and, each time the
objects to be processed switch from one to another, copying

the shadow (56) rendered on the generating shadow plane
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is copied onto sald reference shadow plane (150), effecting
low-pass filtering on the shadow (56) rendered on said gen-

erating shadow plane (152).

15 25. An apparatus according to claim 24, wherein said
rendering means (106) comprises means for preparing, in ad-
dition to the reference shadow plane (150) and the generat-
ing shadow plane (152) as sald shadow plane, a background
shadow plane (192) which is a texture plane corresponding to

20 a background virtual plane disposed behind the object to be
processed, with the light source (52) as a viewpoint, ren-
dering a shadow formed by projecting a shadow (204) project-
ed onto said virtual plane (50) onto said background virtual
Plane, on said background shadow plane (192), and mapping a

25 shadow expressed on the object to be processed by way of
texture mapping, while interpolating the shadow according to
rendering based on the shadow (204) rendered on said refer-

ence shadow plane (150), the shadow (206) rendered on said
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tended light source (210) and forming a shadow thereof on
said object.
10
27. A recording medium storing a program comprising the
steps of:
(a) establishing at least one virtual plane (50) from the
layout of a plurality of objects (Obl, Ob2) generated by
15 three-dimensional modeling; and
(b) expressing a shadow (56) of the object (Obl) projected
onto said virtual plane (50) by a light source (52) as a
viewpoint, on the object (0Ob2) that is farther from the
light source (52) than the object (Obl).
20
28. A recording medium according to claim 27, wherein
said step (a) comprises the step of defining a shadow ex-
pression attribute as to whether the shadow (56) is to be
expressed on the objects (Obl, Ob2) in light source process-
25 ing attributes of the objects (Obl, Ob2), and said step (b)
comprises the step of selectively expressing the shadow (56)

on the object (Ob2) based on said shadow expression attrib-

ute.
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jection onto said virtual plane (50) on said shadow plane
(150), and mapping the shadow (56) rendered on salid shadow

plane (150) onto said other object (Ob2) by way of texture

10 mapping.

30. A recording medium according to claim 29, wherein
said steps (c) further comprise the step of mapping the
shadow (56) onto said other object (Ob2) by way of texture

15 mapping based on projected coordinates of said other object

(Ob2) onto said virtual plane (50).

31. A recording medium according to claim 29 or 30,
wherein said steps (c) further comprises the step of mapping
20 the shadow (56) onto said other object (0Ob2) by way of tex-
ture mapping with respect to each of polygons of said other

object (0Ob2).

32. A recording medium according to any one of claims
25 29 to 31, wherein said step (b) further comprises the steps
of determining coordinates of said objects (Obl, Ob2) with

sald light source (52) as a viewpoint, and determining pro-

jected coordinates of said objects (Obl, 0Ob2) onto the vir-

RINRJE{\ =0
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3) formed by the

5 jected coordinates each time texture mapping onto one of the

objects (Obl, Ob2) is finished.

33. A recording medium according to claim 32, wherein
said step (b) further comprises the steps of determining the
10 coordinates of said objects (Obl, Ob2) and the projected co-
ordinates of said objects (Obl, Ob2) onto the virtual plane
(50) with respect to each of polygons of the objects (Obl,
Ob2), and registering the determined coordinates in a ren-
dering list (116) successively in the direction away from
15 said light source (52), and wherein said steps (c) further
comprise the step of successively reading the registered co-
ordinates from said rendering list (116) for rendering the

shadow (56) on said shadow plane (150).

20 34. A recording medium according to claim 32 or 33,
wherein said steps (c) further comprise the step of effect-
ing low-pass filtering on the shadow (56) rendered on said
shadow plane (150) depending on at least the distance from
said light source (52) for thereby applying a blur to said

25 shadow (56) depending on at least the distance from said

light source (52).

35. A recording medium according to claim 34, wherein
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to rendering depending on the shadow before it is subject to
5 low-pass filtering, the shadow after it is subject to low-
pass filtering, and the light source coordinates of the ob-
ject to be processed, for thereby controlling the blur of

sald shadow (56).

10 36. A recording medium according to any one of claims
29 to 35, wherein said steps (c) further comprise the steps
of preparing a reference shadow plane (150) and a generating
shadow plane (152) as said shadow plane, and, each time the
objects to be processed switch from one to another, copying

15 the shadow (56) rendered on the generating shadow plane
(152) onto said reference shadow plane (150), and, each time
the shadow (56) on salid reference shadow plane (150) is
mapped by way of texture mapping with respect to each of
polygons of one object, rendering a projected image (54) of

20 the polygon onto said virtual plane (50) as a new combined

shadow (56) on said generating shadow plane (152).

37. A recording medium according to claim 36, wherein

said steps (c) further comprise the step of, each time the

25 shadow (56) rendered on said generating shadow plane (152)
is copied onto said reference shadow plane (150), effecting
low-pass filltering on the shadow (56) rendered on said gen-

erating shadow plane (152).
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according to rendering based on the shadow (204) rendered on
said reference shadow plane (150), the shadow (206) rendered
15 on said background shadow plane (192), and light source co-

ordinates of said object.

39. A recording medium according to any one of claims
29 to 38, wherein said steps (c) further comprise the steps
20 of establishing an extended light source (210) as an initial
value for said shadow plane (150), and reflecting said ex-
tended light source (210) and forming a shadow thereof on

saild object.

25 40. A program comprising the steps of:
(a) establishing at least one virtual plane (50) from the
layout of a plurality of objects (Obl, Ob2) generated by

three-dimensional modeling; and
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