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Frrrrerrrrrrerrrartrerererrrrererrrrrrrrl DESCRIPTION

*Ommﬂm‘“ Y, DI SPLAYI NG METHOD, | NFORMATI ON

RE M AND PROGRAM 5 Technical Field

[ 0001] «¥he=present invention relates to a display and
i i suitable for showng a virtua

t hr ee- di nens| | space to an observer in an

easﬂwmumnﬂﬂ@hﬁﬂgnd nmanner DBESCRIFEONI mensi onal

gra even in a case where the area

occupi edcddp2*an 10 object in the screen is |arge such

as in a case where an object placed in the virtua

t DISRE Al MBISPIONEIN G METHODEN FORM ATPOR! RECORDING MEDIUM, AND

vi ewpoi nt, etc., a conputer-readable information

recordi ng medi um storing a PRO@wrRaM or realizing these

on a conputer, and the program Background Art 15

5[ 0002] Conventionally, such techni ques have been

proposed, where a plurality of objects are placed in

a virtual three-dinensionalechpa@EFieRNd W t h el apse of

time in the virtual three-dinmensional space taken

i ﬂﬂ)t)Ob]C onsTEeprRdrd hveh IG5 R108Y 0 Gl dspMyCardPPdiofhyiak &levhod suitable for
noved along with the elapse of tine to try various

séhiowlid 4 Oitthabiheeet @inéhSiBhalpaddyto ah Bb&2vEHiBASA90Blunderstand manner

graphics, the state of these objects as observed from

apypihestediflentibRsl g2ibhidsaiMptiyévenliPBGasd WS BieRkéd dtRUpied by an

sight line. Further, such techniques are also _
10Ps1eR 9 the sciébh edlagRa0eRad @ A6 WhkRMnQUbjdchBla¥é EMARE Girtual

and the sight line along which the three-dinensiona

Sthedeadinen 168 kyRd cBhRE ehodlbdely foahe b RRBI etd.| MBomPREr-readable

such techniques typically include one that sets a

Vin€yRatish re2Brdiiy mefliubd Qo £ piorah GorShlsziAd®esd @Y computer, and

line along which the three-dinmensional space is

obhseropedini N a direction in which the set object 25

noves, or one that sets such a sight |ine by the very

sight line of the set obj eBickgfdd@@3rt A techni que for

such three-dinmensional graphics is disclosed in the

151 [lo0e2]at ur €onventionally, such techniques have been proposed, where a plurality of

objects are placed in a virtual three-dimensional space, and with elapse of time in the
virtual three-dimensional space taken into consideration, these objects are appropriately
moved along with the elapse of time to try various simulations and to display, by
three-dimensional graphics, the state of these objects as observed from a predetermined
20 viewpoint along a predetermined sight line. Further, such techniques are also proposed,
which change the position of the viewpoint and the sight line along which the
three-dimensional space is observed along with the elapse of time, and such techniques
typically include one that sets a viewpoint on any of the objects and sets the sight line
along which the three-dimensional space is observed in a direction in which the set object
25 moves, or one that sets such a sight line by the very sight line of the set object.
[0003] A technique for such three-dimensional graphics is disclosed in the literature

indicated below.



i ndi cated below. 2 Patent Literature 1: Unexam ned
Japanese Patent Application KOKAI Publication No. H
11-1973 5 7 [0004] In such three-di nensional graphics
techni ques, in a case where theyimge of an object
occupi es nost of the area of the screen such as in. a
case where the 5 display-target object cones very
closely to the viewpoint, etc., it becomes inpossible
in sonme Raeg [iRrdtteW: UiRxshiled J@fantdeePatdrt tApplication KOKAI
t hree- di nensi onal space, as the other objects are
hPeiratikeNbnd1 t-he738y ect. [ 0005] Meanwhile, in the
case where the view point and a display-target object
C[@094] t 00InCuek Elri¥e-dBndiRional graphicPRtHiQitsMineSdale where tBe image of
normal I'y inpossible situation (for 10 exanple, the -
VArEYH)€dt Rk MsahoN O f tHeaarédst tHe s@tertduchlal 84 cfiawhag: the
hol I ow, etc.) occurs and the displayed screen m ght
5béisplandrétdbiecBE ¢y elosdly kanHReVidwpbintPeteh ittdecdbBedinpossible in
Sol ved by the Invention [0006] Hence, a technique for
Sdoad e tdlenow k8t off tE virhial thtke-&iRicBSioHAITPAGH, @9k otHe? objects
space to an observer in an easy-to-understand nanner
eaehidden delsiRd theCatecthas been demanded. [0007] The
present invention was nmade to solve the
anoust deskichiiokild)iPtHeave Whte Ak viORI PRt afd a APl @ERAbbject come
invention is to provide a display and a displaying
b keBelsUh tRBAIRAMPblygdh eikdifl Bor'dl idrihally impossible situation (for
t hree- di nensi onal space to an observer in an
10ea@Mpl€) theeewpdianehtEmiBE ifddeyfan dbfecth&ARE n¥RBIN S dic.) occurs and
obj ect placed in the virtual three-dimensi-onal space
CthBESpla9ed sabasBight be uhhundl.ewpoi nt, a _ _
conput er -readabl e i nformati on recordi ng nmedi um storing
a programfor realizi n@iidieue: fndei@aput er, and the
program Means or Sol ving the Problem [0008] To
achi eve the above Phjttah to bdiSolived bperTgvérmioant i on wil |
be di scl osed 25 according to the principle of the
ploes€int i Hemuel & @dhnilg0O @2 |shéwitigaht stytead elgy wirtagl thfeealimensional
first aspect of the present invention conprises a
15 ‘space to an observer in an easy-to-understand manner even in such a case has been

demanded.

[0007] The present invention was made to solve the above-described problem, and an

object of the present invention is to provide a display and a displaying method suitable for

showing a virtual three-dimensional space to an observer in an easy-to-understand manner
20 even in a case where an object placed in the virtual three-dimensional space comes too

closely to the viewpoint, a computer-readable information recording medium storing a

program for realizing these on a computer, and the program.

Means or Solving the Problem

[0008] To achieve the above object, the following invention will be disclosed
25 according to the principle of the present invention.

[0009] A display according to a first aspect of the present invention comprises a

projecting unit, an obtaining unit, and a display unit, which are configured as follows.



projecting unit, an obtaining unit, and a display

unit, which are configured as follows. 3 [0010] That

is, the projecting unit projects, onto a first

projection plane, an appearancg of each object to be
transparented (hereinafter referred to as

"transparency object"), anong objects placed in a

virtual three-dinmensional space. [0011] In ordinary

t fjooee} di NERaiiQiRd profeaiihg 06it Proees Shivta fifshprofdétieh plane, an
shape.of an 5 object placed 1n a virtual _

t fppeerade EMBLI BbilectSp 8 @ranbparédsE(hefeimdfted Rifeedd foa i“BEnsparency
transparent portion, the outer shape includes the

| ssjedt”p ambh@objetts pheedh £eirtubhhteecdihelsiond patet hr ough

the transparent portion) has to be displayed on a

t j901 ¢} NENE RdarysBikRedimeniBi] @raphidsqRodbssRA Th®B@kr shape of an
coordinates are projected at two-dinensional - -
scejediphat€ tn HYirtudPihtQ@UEinleasibAdI @P&e (SLi6de 85aatjadtiAling a

proj ection, one-point projection, etc. The projecting

* 1Qarn4BhrenDSITTiOH, TRe SWEShRPOINRRIdEOthe QAR ﬁbl’cﬁ)nfdf_rtl&_l object that can be
projection plane. [0012] Meanwhile, the obtaining unit

okteA ithirugitha tRaspaYE pohicgNhAde baRpARAGE aGivo-Emehsibm screen.
transparency object is projected on the first

PHeh®S thré difleasienal[ (0B atddaire Erdj &iged Atftib-dimensesilal B6brdinates by
plane is for obtaining a rough neasure of the size of
avdrioad $RAKGAEYsueR a8 mgaraumﬁéﬁ ettion, SnélpSik Piopettion, dtle The projecting
screen. In a case ere the 15 transparency object has

10awsit ?@r&nﬁ Bﬁ&%o&fe@fio&&%ﬁh@fus@p&ﬁ%@ibﬁ Gdned rectangul ar
paral | el epiped), it is possible to obtain the area '

ofo@I2Whi CRichiVehild, BSHALIBIHGYin@RibesiAs drBarebRirSeHigflthe appearance of
Wi t hout performng projection, if how the coordinates

Odach @Y tr&lspRehdit §bj &M ¢ prafectednitBX Bfst Enge&i%atpﬂnepoi nt
of the object will be converted is checked. However,
| [00¢3se Hereathe dirpt pr¥jestidinsland is foSobigihingecagtamiehsure of the size of
easy. According to the present invention, since 20 the
objradspaleficysisiectpwhgeit iedissliByddeh the ksfeeR On&Cdak®Where the
plane, it is possible to easily obtain the area over
15VirarsParehey cBj¢ bibs & SinfplOjpt efdr erMaple] £ spherd 6r arectangular
transparency object having a conplex shape. [0014
Fpurdlieddpipdd) it thiposiBl¢ todblairtihe Rl eaWhidiBBE r@epereat eobject is
by projecting, onto a second projection plane, an

aprofated eichoat paforflingpiojdckiah, if Bowake édvrdifates of control points such as
transparented 25 (hereinafter referred to as "opaque

olgreees' and @ARAGoinbof BBjobftswill BE&shveRed Reh¥édeiUaHowever, in case
space, and projecting the appearance of each the
t sfnspaslexnshapeld} Baiot Aecebdgilys ex9Nd ARESdRG b @i present invention, since
20 the object is once projected on the first projection plane, it is possible to easily obtain the
- area over which the object is projected, even if it is a transparency object having a
complex shape.
[0014] Further, the display unit displays an image generated by projecting, onto a
second projection plane, an appearance of an object that is not to be transparented
25 (hereinafter referred to as “opaque object”), among the objects placed in the virtual space,

and projecting the appearance of each the transparency object on the second projection

plane at a transparency degree pre-associated with the obtained area.



pl ane at a transparency degree pre-associated with the
obtained area. 4 [0015] Generally, a transparency

object is an object that is likely to cone closely to

the viewpoint in the virtual thyee-dimensional space,

whi |l e an opaque object is an object that is |ocated

at a very far place fromthe viewpoint or unlikely to

come closely to the viewpoint. For exanple, in case

ofooasidi spbGayerilhata teinSiirénes @#&t 2l dfectthals lkdBaokeh® closely to
inab virtual game space, that is captured froma

V8B ividvepolf i tHR O/ S edTBhrde-dRh & fora Péfic & Whil e SIpagheSSbj @t s an object
to be the transparency objects, and walls building up

tdhgt is Qitatd at ARErySREPREY fromNB¥w R/ poiht b Bnlthedt ANGMeSIUSR Ly to the
as buildings, trees, nountains, river, |ake, sea, etc.
cagwpoiht!t EFor eR@AME, RSB dikHIAY fat AEERK A BEtel T aldPrace held in a
present invention, opaque objects are projected on the

5 MArtG81GRARE spaGY, GGt isapRir@NBoM & Nihible-AldARGH REmEREbther cars and
transparency degree, and transparency objects are
PoHRf Rk QFk tabelthetrSRpaRdcPHBIL&S IdndRvalls BAdRY upNBRNEUREE, and scenery
their transparency degree depending on the area
tdhenaf inwhetistahey sith s BuBdih gy @’ed Indunniss; HOBN 1dkk Ned, dt8. constitute
equal to the area thereof when they are projected on

. tdiRaqhd biskctpr oj ection plane). And the result of
projection on the second projection plane is displayed
a{]@ol 6l genedordiag td IRGResehEnCentibd, bpHRub bbbts RFOpBekic@dn the
plane is a plane that is used tenporarily, and not

10 Bféction plage WeBbut Manging tkbistPdrdyarehdQkeflee, and transparency
According to the present invention, it becones
RSH5EdtPAE pEdYetbO¥h tHRAdEEhd [Bje€GdSplancivy EIRMSRRAIREF ¥ansparency
object to the user in an easy-to-understand nanner, by
drbRserdepédiingd S@It}fera@éhsﬂﬂéfeﬁﬂﬁl}ietdﬁﬁglﬁ% AbplERA on the screen (this is equal
transparency objects depending on the area 20 over
Whitlkedartd thetdol MdpA Ky Cite pRij@EddSorathe fidétgipdjaash flihed NeAnd the result
screen (this is substantially equivalent to the rate
off pegiectivat droie iséeohll rejedtRMlane i9AikBlayddas the EBhedted image. Here,
according to the present invention may be configured

15 stie first adjectioR§ldned s paime figl iKieed eanpdaflyCadBisR otaab@dd to the user
with the area, such that the transparency degree
hefelndisplay.gher as the obtained area is larger in the
display unit. 25 [0019] Generally, when an object is
di06 play edasdveding betheipreseiCiupérondit badieesqfoesiblefto ElEy opaque
screen, the other objects are hidden behind the object
artfedeeadeanypaeditfect Hetheiser in an easy-to-understand manner, by

determining the transparency degree of the transparency objects depending on the area

20 over which the transparency objects are displayed on the screen (this is substantially
equivalent to the rate of occupation in the scfeen).
[0018] The display according to the present invention may be configured such that
the transparency degree is pre-associated with the area, such that the transparency degree
becomes higher as the obtained area is larger in the display unit.

25 [0019] Generally, when an object is displayed such that it occupies a large area of the
screen, the other objects are hidden behind the object and become unseeable. Hence,

according to the present invention, the transparency degree for displaying the object is



according to the present invention, the transparency
degree for displaying the object is 5 1increased as
the area occupi ed by the object in the screen becones
| arger. [0020] According to thespresent invention,
even in a case where an object conmes too closely to
the viewpoi nt and occupies a | arge area of the screen
to hide the other objects, it is possible to make the
oinesasenbysahé arehecapisd Bynthe vgfect ihehOjrestbedymeRE@ASI NY
the 5 transparency degree of the object, thereby to
a[f)oeopr i aetordmigawtlicgesshain®etion, BeerMinratdded where an object comes too
t hr ee- di nensi onal space to the user of the display.
[ 61021y torthe tviwsvpointand becudicspl lajgeaesfdhdgtrédd thh@de the other objects,
present invention, for each the transparency object,
t inés joseibiectoinigkelthd btheBybjbds BOSdeh Ghtioash tHe JbfRt By RickeadBig the
image area in which all pixel values represent a
Sprradpiendy dadedsfakgbbatdtheadbyrto agprbpRatbly shbwRhOst8@IIf ek virtual
10 plane, and to project the appearance of the '
t thegesdiateasioyal 8paRab tieusehef tk Uisphly. | Tege area, and
the obtaining unit nmay be configured to obtain the
ajoealjover Fudtheg Nintthedigplpe acdndifg € thelpheht iaRGRRAERE ¥ach the
object is projected, froma nunber of those that are
i madspatescyt sbjediethd iptofjedm@ unitag®y By @afighkdtto DS L bR meplimage area in
val ues which are different fromval ues of the
pwhidR tall ipikdl @ alubaflpesontachreddt€ininekbbdcRErdahd ASIe LA gnrit?;rojection
the present invention, a bit map i mage area made up o
10aplands af¢ tprpjeet thiaypdasarice ofl BRArASpirbiReyl dbj&ct oR IR EfiaP Mmage area,
pl ane. Then, after the bit map image area is fully
paidrthe dbtal il @it AR be péfahuee PRI tRthrEOb R wWHidh thBYippearance of
be a color inexistent in the real world, or may be a
Cthk @ansPaLdhcRSbRLES IorojdtetE frotd & nhmbbh 6 thé RNBAEEHEY1ded in the bit .
object is "depicted" on the bit map i nage area by
usamimidecarsq it hiwegsixelivaRmrs iwdiell arg dgfhed fh PiloeLsRhe
as used in the display unit. Thereafter, by counting
tpredaterndieed bdckpioxed solohat  have pi xel val ues which are
not of the background color, the area over which the
15t[0a2Z]par eAcsordinp es theiptesphioineaitixa, £ it ni ighbahRa@al% up of an
t he nunber of such pixels (or, the product of
raskdoniplly iod pixetsris heddwsehe filsepjectionipldnBe Phettlagethd bithBap image
nunber of pixels). [0023] In this technique,
tdree-folllyrpaatedveith dreappiopHaesbarkgroand eolsr (iy A bk Aablotfifexistent in
25 already wi dely used can be applied to the
pthe reat tiodld, onthay bdie color sichpak bj2R] blae ofd. R trafRParehdiCobject is
projection onto the first projection plane can be
easpiciedr ealthesid may imaga@regbapking $he same three-dimensional graphic

20 processing as used in the display umt Thereafter, by counting the number of pixels that
have pixel values which are not of the background color, the area over which the
transparency object is projected can be obtained as the number of such pixels (or, the
product of multiplication between the size of the pixels and the number of pixels).

[0023] In this technique, three-dimensional techniques of various types that are

25 already widely used can be applied to the projection onto the first projection plane, and

the projection onto the first projection plane can be easily realized by using graphics

processing hardware that is used in a general-purpose computer or a game device.



processing hardware that is used in a general -purpose
conputer or a gane device. 6 [0024] According to the

present invention, by using a bit map i mage area as

the first projection plane, itgis possible to easily

obtain the area over which the transparency object 1is

di spl ayed on the screen and to sinplify and speed up

the process. [0025] Further, the display according to

t[0624Y €S entcordivig i tHerprégait iBeertdRf bPUifE a bt nSafCithagbatea as the first
control points are assigned to each the transparency
oftpretiodpthee, efis HdssitlB € ed3i1QjoBail hg akdal dvepfvﬁlcﬁ%étrmgarency object
control points on the first projection plane, and the

0 d&ipliyBd@ on Y dereBtaadl BSsiaiplidy A/l HPeeduf ARVRYcRO! Ygon

formed by connecting the control points projected on

tine25]i r stFuater,aké Hidplaplhaddingdto tHegredeRBinO¥RIonwhAyChe dddBigured
appearance of the transparency object is projected.

5 1ddch @42 6ntAM GO 419 abdgicdo RAGSHEB trahdpdRINLY OBjectbeforehand, the
transparency object is not "depicted® on the first

Porejee6hg @ilt Plofdeds thdUénttd1 Pob@NSH Ble R PRbRct®n pIAR:, and the obtaining
transparency object are projected on the first

PUr?) St4ihO8n MledBea cPRKIPolyedh fyrmdds, cRatdingah@sorol %)Siﬁts
projected points of the control points onthe firs

Porejetet lo@Mhdfidh BropécBiol phhe, dsGRddea bR&Whidh garance of the

pol ygon whose vertexes or Inner points coincide with

t thspdrenBHjERlis pBjebled. i S consi dered, and the area of
thi s convex polygon is treated as the "area over

10024 t heatdorliapas #RGYeseRi iB6éntioh, £ trBhPatedby obje&d2 /bt “depicted” on
According to the present invention, even in case of an
obé Giedt ph¥dtide planeCBikRhé it pSIABISTE thé trahspaR@SPbBIL& atdprojected on
easily obtain the area occupied by the object in the

Sthié €840 pRyeciRngfddend SpedifiEQly, BRidabadifdted Fah®PioRsted points of the
making it possible to sinplify and speed 20 up the

Proaaebgoints Whithefirst pfojetisr phine afe wdeect that is
anor phous such as sand cloud, liquid, etc., it

HeoTies phisai Hkenver polypah iHbsenvadexes anmpar Soihty codirievith the
by defining the control points. [0029] The displ ay

15 asv@aobpdifts tiOcdmRRlepsde sththe lareaeTihi® Bofkeex Jogy g0l ir@itédEsh the “area
such that association between area and transparency

degr edichghé ehnspeenbebbeeliapebjécdd each the 25
transparency object, and the display unit obtains the

tpoapslpar eAcyordiag tethePreseheint Erdidapevenns ¥aseif@a tobjekt RiVing a
the associ ati on between the area and the transparency
de@ipteated shape, it is possible to easily obtain the area occupied by the object in the
screen by selecting control points of the object, making it possible to simplify and speed
20 up the process. Further, in case of an object that is amorphous such as sand cloud, liquid,
etc., it becomes possible to treat them as transparency objects by defining the control
points.
[0029] The display according to the present invention may be configured such that
association between area and transparency degree is defined beforehand for each the
25 transparency object, and the display unit obtains the transparency degree of the

transparency object, from the association between the area and the transparency degree

that is defined beforehand for each the transparency object.



that is defined beforehand for each the transparency
object. 7 [0030] That is, according to the present
i nvention, the area occupied in the screen, and the
transparency degree are varied §rom one transparency
object to another. For exanple, the degree of how the
transparency is increased in response to the increase
in the area is raised for a transparency object that
| ©080NSi dEhads,aocdreing o tHeqreseat intyentidhg théesa ocoupibd i the screen,
degree of how the transparency is increased in
r @Rxbe gendparenbe degre¢ a@saried floheords tesparéndyasbjee b ddthed. For
transparency object that is considered to be _
| éRaaipla tiie ddgbédlflhoActho idhsitirdmRy i crRagRIan respONRMD it increase in
it is possible to vary the transparency degree from
othe atead ERRAEBCY traijpehcy objastahitas cordiddrdd tolbeG@MBSortant to the user,
possible to show the state of the virtual

5t diidaRe degrensf Rvathespmepartitytib encieéd RBEHABEE RithE Sherease in the area
dependi ng on, for 10 exanple, the degree of inportance
O rédiRe® Rir@Qt fspdrOiby2bj At dias B cdyibidered®d bOhgseat.di ng
to a second aspect of the present invention is _
i [00B Ement gdedrding t6liteprésencRRPrtich, Rgs Poseibly ©C/atNthe UAhtparency
an obtaining unit, and a display wunit, and conprises
addpr«d fesrhiond trahiarend objetetorkinbties aa@ it tRBSEs sUssiBleawisRGw the state
step, which are configured as follows. 15 [0033]
FofrtBé virfial thie-diiRh§iehdlRPadeitB fhe GRLaprOpfély \dpefdihg on, for
projects, onto a first projection plane, an

10agaepl & fiteddptecestimpohiRetoftife digedts.anspar ent ed
(hereinafter referred to as "transparency object"),

@08 Obj AdisplafiRERdthod adcottliingah séddng @sschBNGE PRdbnt invention is
space. [0034] Meanwhile, at the obtaining step, the

OlipMriédied W dissIBY 3bMpridhg ahede AMBlunitt Shtatnlify unit, and a display
appear ance of each the transparency object is
purt, end esimpriset Agrdjectiig s jar oblatting &6p ndadlisplB0mbstep, which are -
Further, at the displaying step, the display unit
diomfiand aafoliovege generated by projecting, onto a
second projection plane, an appearance of an object

15t[l9883])i S nBikst} @ theprojec g pap ahé pebjddtiag &iniikdjedts,loated fiesd projection
to as "opaque object"), anong the objects placed in

t plene, wh bppraransp af eachasbjecptohee@inspgenthe (leppiaattarefmed to as
each the transparency object on the second 25

pitenspdrery obfeaild, ahomy dbjenisplaceaiiay viagdl@kree-dimensional space.
pre-associ ated wth the obtained area. [0036] A

pioogdlam apeanwhilyg at e abetikiag sepae bbtafniddenipsita@an area over

i nvention is configured

which the appearance of each the transparency object is projected on the first projection
20 plane.

[0035] Further, at the displaying step, the display unit displays an image generated

by projecting, onto a second projection plane, an appearance of an object that is not to be

transparented (hereinafter referred to as “opaque object™), among the objects placed in the

virtual space, and projecting the appearance of each the transparency object on the second
25 projection plane at a transparency degree pre-associated with the obtained area.

[0036] A program according to another aspect of the present invention is configured

to control a computer to function as the above-described display, or to control a computer



to control a conputer to function as the
above-descri bed display, or to control a conputer 8

to performthe above-described displ ayi ng net hod.
[0037] The program according tgg the present invention
can be stored on a conputer-readable information
recordi ng nedi um such as a conpact disk, a flexible

di sk, a hard disk, a magneto optical disk, a digital
MoGheffotth $hke abdverganeibed dispRgingan&isd.conduct or 5

menory, etc. [0038] The above-described program can be

dioss7]i but ek dpkﬂgrai‘xﬁbdﬂ:ordil@g B t80 FRiYéR inveR @B badtbRE on a
net wor k, independently froma conputer on which the

Propguddt regdabixiafotin@tlon fadbidied mediith AlRAUS 2 demphadtlIRM, a flexible disk,
i nformation recordi ng medi um can be distributed and

SOhAtd digtep endeab oytifdl amk! HeigaaIvadéedisk, omEHedi6 tapef.a dificonductor
I nvention [0039] According to the present 1nvention,

Sithem8rypegsi bl e to provide a display and a displaying
met hod suitable for showi ng a virtual

tioosg)- di MERSARRNldeSRBEE pidtran cRbBe B Ibutddhnd¥old via a computer
easy-t o-under stand manner by three-di mensi ona

WoaRutiSatibinS iRtk EME8Bpdnter@ ] CRSE a dtgfiferionaviAethe program is
occupi ed by an object in the screen’is |large such as

| dkeButb@S EFUMIRF, @h@ibokR-dekdrifel itoARREb Rcdrimg\héditid!can be:
t hr ee- di nensi onal space cones too closely to the

VdistyiB@leB tand sé1l Gndepende@iTP Hodl the@ashpltee. | nf or mati on
recordi ng medium storing a programfor realizing

10t hese on a conputer, angffeleofhe tivditionr | ef
Description of Drawings [0040] [FIG 1] It is an

eOPEFINat oAycoddiag tdiRe Preyehtidyéht DaNR MBS dsSibRL th PeéHAEa Qfs?ﬁy and a
20 typi cal gane device on which a display according to

Q61 &R HetRAtsuRhblt R sRERERHN yirthﬂ\'tﬁf&idﬁ'ﬁ.elilsﬁor{aqf 8hdcg @8lan observer
[FIG 2] It is an exenplary diagram show ng a

si6i e Radyl- - widettdndIBardikr By thits finddnsidaglsrahHIes displ@Neven in a case
enbodi nent of the present invention. [FIG 3] It is a

fiinare Heerdressbuwpieg by e objeeninahe 6@8é Bllargé sechdisSRhb @¥denghere an
nmet hod 25 performed by the present display. [FIG 4]

15 :j dbj éele pRdedtharatual thréb-digieaiosd] Gphdidonits e¥AdBsedy &f tha viewpoint,
eltcs.,p a ?g/mputer-readable information recording medium storing a. program for realizing
these on a computer, and the program.

Brief Description of Drawings
[0040] [FIG. 1] It is an explanatory diagram showing a schematic structure of a

20 typical game device on which a display according to one embodiment of the present
invention is realized.

[FIG. 2] It is an exemplary diagram showing a schematic structure of a
display according to one efnbodiment of the present invention.
[FIG. 3] It is a flowchart showing the flow of control of a displaying method

25 performed by the present display.

[FIG. 4] It is an explanatory diagram showing an example of a display

displayed by the present display.



di spl ayed by the present display. 9 [FIG 5] It is an
expl anat ory di agram showi ng an exanple of a display

di spl ayed by the present display. Explanation of

Ref erence Nunerals [0041] 100 ggane device 5 101 CPU
102 ROM 103 RAM 104 interface 105 controller 10 106
external nmenory 107 inmage processing unit 108 DVD ROM
drive 109 NIC 110 audi o processing unit 15 201

di spl ay 2@2Gpsiat 8cdnl ex@lanbioky did@RnDsHodifig Agextmple o2& display
display unit 701 screen 20 711 car as transparency

atisptetedBgshe peeentidisplagar ryi ng Qut the Invention [0042]
The enbodi nents of the present invention will be

expl ai ned bel ow. ERfsldndidntos ReferidveMurhérelspr esent
invention is applied to a gane device on which

tloo48- di nEws iganrldegicaphi cs are di splayed will be
expl ai ned below in order to facilitate 25
sunder st andiin@PUHowever, the present invention can
i kewi se be applied to information processing
appar at usgp ROM as conputers of various types, PDAs
(Personal Data
103 RAM
104 interface
105 controller
10 106 external memory
107 image processing unit
108 DVD-ROM drive
109 NIC
110 audio processing unit
15 201 display
202 projecting unit
203 obtaining unit
204 display unit
701 screen
20 711 car as transparency object
Best Mode for Carrying Out the Invention
[0042] The embodiments of the present invention will be explained below.
Embodiments in which the present invention is applied to a game device on which
three-dimensional graphics are displayed will be explained below in order to facilitate
25 understanding. However, the present invention can likewise be applied to information

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

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



Assi stants), portable tel ephones, etc. That is, the

enbodi nents to be explained below 10 are intended for

expl anation, not to limt the scope of the present

i nvention. Accordingly, thoughpthose having ordinary

skill in the art could enploy enbodi nents in which

each elenent or all the elenents of the present

enbodi ments are replaced with equival ents of those,

sat6 hirerdledi faNtegpMhitiond! 80 ke limal udedcbpe tdfe tieCGResedf invention.
the present 5 invention. Enbodiment 1 [0043] FI 1

| Acdiaxlyl eHdAER ihosd ihagingBr&ifew skl & ehen@uldemploy embodiments in
structure of a typical ganme device on which a display

awhieh Hably eletndnb @r RIICGE Herhéhts BF it pMistrdt dAebdd@AentZ @b replaced with
The follow ng explanation will be given with

r @fueFadteot Bobd)istctlemBédMentsQril 00 be HcHRRE iflene éé%é\-/lgf)the present
conprises a CPU (Central Processing Unit) 101, a

51@RentmnRAM 103, an interface 104, a controller 105, an

external nmenory 106, an inage processing unit 107, a
DVD- ROM deinwediafdt 1an NI C (Network Interface Card)
109, and an audio processing unit 110. [0045] By

| @ading aFidyD BAM SipRinkitely AidAdik sREWRHRABMaG@tRUQHNDS a typical
tﬁg ]15 DVD- ROM dri&gﬁﬁggyaﬁ% tufning%on theapomer of @ typica

t %?né?@ém:ectﬁﬂvﬁi%h BQfisplishecBfdasy RNth¥iptdsentifveaXies WiRbe@bdlized. The
the display according to the present enbodi nent wil |l

blbG#ld é(?@&na{i&pévﬁ] bd BRefRith Fofer&iRB S BiSdibftamoper ation
en

of the ire ganme device 100, and is connected to

1o§@om4]el eNRNMHanfeCd Q¥ CNAADHRRES 2ICHYT dNaitdl Pf&eﬁﬁ{%’i&}nit) 101, a ROM
ur

ther, by using an ALU (Arithmetic Logic Unit)
(107, bIRISkA BGEGh, infeP@cRbS, HO0done@NeP 1S, Qb BxBrhdl H&h6S B, an image
operations such as addition, subtraction, _
NptbddsPink GAlt 107, a B WDHROW, drfeC108, bR NICHINLREKAhtLRSe Card) 109, and
such as logical addition, logical nultiplication,
| @oduelad proegsing@init 190C. , bit operations such as bit
addition, bit nultiplication, bit inversion, bit
sfoo4s], bi By rehdibp 08, DVDEROMVESEnE S tgaf@d frogadraanddldat onto the
register (unillustrated), which can be accessed at a

15hDyD-RPaedrivE w08 Bed turkifg on @R bviek dfttisegdmd@nide100, the program will

designed to be able to rapidly perform saturate

o xatiited &n@ﬂﬁmi%ﬁay?&.c&@ﬁigt toQ@Re ?&yéﬂt eabbdident will be realized.
mul tiplication, division, etc. for dealing with

nebtéJredi Bhed OPLE$SE SontrolS EeObpedeIabf EHeSerd€ Ba@s device 100, and is

“trigononetric function, etc. or may realize these wth

aconnected to each element to exchange control signals and data. Further, by using an

ALU (Arithmetic Logic Unit) (unillustrated), the CPU 101 can perform arithmetic

20 operations such as addition, subtraction, multiplication, division, etc., logical operations

25

such as logical addition, logical multiplication, logical negatidn, etc., bit operations such
as bit addition, bit multiplication, bit inversion, bit shift, bit rotation, etc. toward a storage
area, or a register (unillustrated), which can be accessed at a high speed. Further, the
CPU 101 itself may be designed to be able to rapidly perform saturate operations such as
addition, subtraction, multiplication, division, etc. for dealing with multimedia processes,
vector operations such as trigonometric function, etc. or may realize these with a

COProcCessor.



coprocessor. 11 [0047] The ROM 102 stores an |PL

(Initial Program Loader) to be executed immediately

after the power is turned on, execution of which

triggers the programstored oRjthe DVD-ROMto be read

into the RAM 103 and executed by the CPU 101. Further,

the ROM 102 stores a program and various data for an
operating system necessary for 5 controlling the

qpe4At i onTid R Q0L i $tereg adre IPEV(Ifigiall PoogrhMO48hdef@0 be executed
RAM 103 is for tenporarily storing data and prograns,
aidthdRitalyngiet iR pdwe?ds athénéh, dxtautiogdd viih frigessttheprogram stored
DVD-ROM and ot her data necessary for game

PPGE BNV DIRORNG Helvdhd GRTHERAM 1@34nd dxetitb€by tHe€GPITRY1. Further,
101 performs processes such as securing a variable

aheRON 107 stBAY al Pdotn WAl Katibes dd)fel 4L6pdritintPORtenh @ecessary for
value 10 stored in the variable to perform operations,
50donGORRIgIhObbdrtid6f tHabhtere ghedvich 10fle RAM 103 in

the register, performng operations toward the

f[ﬁgnﬂt er, TRNH AWM 110819 fhaekpohily eReingtdatiNarndesriektanis) and retains the
the nenory, etc. [0049] The controller 105 connected

t St gt ahdd Qatan i@l f o\ efrdid 4hé EPDVROMANan@PSthat HQA necBRbdy for game
given by the user when playing a gane such as a racing

BBocdfgS .and ThhOQ5HRhudikstidnst eFﬁﬁh@rﬂﬁféﬁ@FU]l@@ Operforms processes such
et achably connected through the interface 104

I &\Wek ¥ vatiableSaréa i tHeNRASAY DB Go itk RhAWILYS Alr&tly upon the value
(past achi evenents, etc.) of a racing gane, etc.,

- 100abrad lif eheC@iriaBR th HRriBHR BpeRGosd, dt BAcOdtodiftethddARie stedin the RAM
of chat comrunication |ogs (records), etc. The user

CEU3 & e rddiRse pdifomnPl bhtattonkeoRald MRMRIgYstel0 ald WiEfiks back the
needed, by inputting instructions through the

C(S}ﬁ&iti&nh@s{ult]tgfthe 20mbBR%d] The DVD-ROM to be | oad.ed. on
the DVD-ROM drive 108 stores a program for realizing

(0039 anthd cRA©11dALES adttheateditirodgh thedfieeMPANY fgeivBEan operation
ganme. Under the control of the CPU 101, the DVD ROM

dihbwtegi téhBb ok fugérBhen pleddl B gaPE QGESE DiacinggamMie ROM
| oaded thereon to read out a necessary program and

150@080] Whi The @k®@rriad ninorleIE0d&hdHaplys t@ineete®thiogh RAMinterface 104
103, etc. 25 [0052] The image processing unit 107

PleOiES ¢ StotdialathtindichBag e layf Sty (st achédVeiies tc. of facing game,

of the CPU 101 and an i1 nmage cal cul ati on processor

(¢t0l ldhtasindRbBERY the progress status of the game, data of chat communication logs

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

20 [0051] The DVD-ROM to be loaded on the DVD-ROM drive 108 stores a program
for realizing a game and image data and audio data accombanying the game. Under the
control of the CPU 101, the DVD-ROM drive 108 performs a reading process on the
DVD-ROM loaded thereon to read out a necessary program and data, which are to be
temporarily stored on the RAM 103, etc.

25 [0052] The image processing unit 107 processes the data read out from the

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

provided in the image processing unit 107, and thereafter stores the data in a frame



provided in the inmage processing unit 107, and
thereafter stores the data in a frane 12 nenory
(unillustrated) provided in the inage processing unit
107. The image information stesed in the frame nmenory
is converted into a video signal at a predeterm ned
synchroni zation timng and output to a nonitor
(unillustrated) connected to the inage processing
UhérhodO (unilligfaedly, ptoveied 6 Bt ainsagefl prodedstiss unitPee7.ar €The image
5 avail able. [0053] The inage cal cul ati on processor
caformatiosl| store@r frorthe tkaNS NAERDEy AP edorlve®ad indUahvaRo signal at a
overlay operation or a blending of two-dimensiona
| prediesrmiddtlsyiRhiohddation GREHALHO BStHRAE to/ @ rhétifor (M BEstrated) connected
[0054] Further, the image cal culation processor can
abSther BRAgR Yraeedsimy WhAN107.0 DRIEWY, | idhgk OlispIBPIRE| Viious types are
by a Z buffer nethod, polygon information placed in a
5dvkilaé.  three-di nensi onal space and having various
texture information added, to obtain a rendered image
qbosie PoivIRRadR! At@thtion (rBEesYor' dandlapidly BerfoinmaaRifARAk operations
space as seen from a predeterm ned View position
auBR Chsd oRdrye beraiise br i BIehdiAR Of twodithedsidil ildB&D]land saturate
Further, by the CPU 101 and the image cal cul ation
IpREADRObE WRIdik BghekN 15 cooperation, a character
string as a two-di mensional inmage can be depicted on
t[0es4]r ameFurfiRAD e  iMagd el Gll RO Prdddesos Usdnd @B 00 tapidi§ N perform an
pol ygon, according to font information definingthe
10 SdpRRgioAf fof RehdeRas, ast 814 buffélOethodhgoldkdn #ISrmiatiohQlaced in a virtual
connectlng_the gane deV|c¢ 100 to a conputer
GRISBLEMEAS b PREMANE Kavitd lveEbiis tGre SiHEdnAsioh hRided, to obtain a-
Internet, etc., and conprises a 20 o
LORRSE ﬂaglzqg%ﬁsgolg N Pk inuB& dirfu@l thhad-ditHeRSioRallspbbe as seen from
(Local Area Networ %, an anal og nodem an | SDN
(d pre@gemiiged Getmiosion [ @igtapreiNrérmind disgrtienof Sighéline. -
ADSL (Asymmetric Digital Subscriber Line) nodem for
qoostct i neurther,t ke thenCRUNGD1 kyid UBE Bage chiRlREB PEodesst, working in
a cabl e nodem for connecting to the Internet by using
15 acoopdthtion, & hatfte@Rtridg 46 tvad-dinfsionkEimap8 daf e depicted on the frame
interface (unillustrated) for internediating between
thessryand ddpictedonCGhE shidfhce [0PQadlh pbiygzoal dicdring CtoS finfdnformation
unit 110 converts audio data read out fromthe
defining the shape of the characters.

[0056] The NIC 109 is for connecting the game device 100 to a computer

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

20 10BASE-T/100BASE-T product used for building a LAN (Local Area Network), an

analog modem, an ISDN (Integrated Services Digital Nefwork) modem, or an ADSL

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

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

| line, or the like, and an interface (unillustrated) for intermediating between these and the
25 CPU 101.

[0057] The audio processing unit 110 converts audio data read out from the

DVD-ROM into an analog audio signal, and outputs the signal from a speaker



DVD-ROM i nt o an anal og audi o signal, and outputs the
signal froma speaker 13 (unillustrated) connected
thereto. Further, under the control of the CPU 101,
the audio processing unit 110jgenerates sound effects
and nusic data to be sounded in the course of the
gane, and outputs the sounds corresponding to the data
fromthe speaker. [0058] In a case where the audio
dahiflustetad)dednaned therdid/D- RCHetr, sunleDthedwihearol dhthe CPU 101, the audio
audi o processing unit 110 refers to the nusic source
dadeessing it ¢ d0 igendrines staind efferd and anugrrdasa tohiee ddublleddatthe course of
into PCM data. Further, in a case where the audi o data
Ithe ganeane vagutsatie sourdatarrespoAREH fherdant frorulge Syetlkdrs
format, etc., the audio processing unit 110 expands
t[b&Sfﬂat a Iﬁl”ad:aG@ where the iatidiordata feCdidedoa thé8PVID-ROM is MIDI data, the
(Digital/Analog) converting the PCMdata at a timing
5 cadice preedingguihio lt10eresasmb ithg rhisiyeney dafa idttudddtia the data, and
and outputting the data to the speaker, it is possible
todnGettsptie MIPI RaM dad PN @dtdli OBurthel, 058 caés mhere fiRMiudio data is
t he above, the gane device 100 may be configured to
ehipaessed aelio gaawfTAIDRCMofosmats Olgigev 201! fbfidat, £t0 ¢ tHAMdio processing
103, the external nenory 106, the DVD-ROM to be
Lhadd erh expdnde thd/QatdCMddedrivertd @8int@ tRCMbdatalsi B DXA (Digital/Analog)
| ar ge- capacity external storage device such as a hard
oakertifg the ACM QRO a funtag ¢driesp@illix@tht sdniplihgafié@i@hcy of the data
showi ng a schematic structure of a display according
10 taad @epuetinpotle dBtato Ge spbskeplieR @obsible e butpaithe POM data as audios.
foll owi ng explanation will be given with reference to
t[b0so]di agaside frbMAEd hbdeethdi gapleadeve 11 08GEHT bE hfiiGrelde perform the
present enbodi nent conprises a projecting unit 202,
aame Fuadtiohf g heIROMORD2, thid R AVIdi (3pthaiextiihd] nZddory 406, the DVD-ROM
[0062] Further, the followi ng areas are secured in a
b bedgried Pintthe DY/ TB-ROGM drivieeld8pytc. bhasiRAMIAQS capdcity ek@enal storage
An obj ect storage area for storing shapes and texture
ide¥ze gadh o3 ledfrd dskj @ct s pl aced in a virtual
t hr ee- di nensi onal space, whether or not to transparent
15t[bés0]obj] &dGs 2 ik Wpeskeniplag sitgirah ishowhgt aveeienarie atratttre of a display
transparency degree, etc. A general 25
taoca@dingi towms | edttldirgémt iiths ptese rineaneionanThe falkedngd explanation will
shapes (vertexes defining the shapes, coordinates of
dergivenl witloreférensatolthidslisgrargnt er point, etc.) and
texture information of the :
[0061] The display 201 according to the present embodiment comprises a projecting

unit 202, an obtaining unit 203, and a display unit 204.
20 [0062] Further, the following areas are secured in a storage unit 205 constituted by
the RAM 103, etc.
| (a) An object storage area for storing shapes and texture information of
objects placed in a virtual three-dimensional space, whether or not to transparent the
objects, types of association between area and transparency degree, etc. A general
25 three-dirneﬁsional graphics technique can be used for shapes (vertexes defining the shapes,
coordinates of control points such as a center point, etc.) and texture information of the

objects. According to the present embodiment, one feature is to store for each object



obj ects. According to the present enbodi nent, one
feature is to store for each object 14 whether or not
to transparent the object, and a type of association
bet ween area and transparencyjdegree (a paraneter or
the |ike that defines association) in a case where the
object is to be transparented. (b) A buffer area for
storing a bit map i mage made up of an assenbly of 5
pivkeeher. orThotsto Bamspuenp icabljest andgetypeast dsedciaiimbétivagn area and
the area over which it is assuned that an object is
disppayed. ddgede B pirANdteVotibe 1iIRAMat defifesk 360 tivh) Na Rhde where the
map i mages to be di splayed on the screen. The i1 nmage
Pobjee Ssstorvg ttanbpardiddd.peri odi cal |y transfers inages to
the nonitor screen at a cycle determned by a
vertical @ynchuffer arhifon siofingrd bittmappange Madé e ofld assembly of
information stored in the VRAM area. [0063] FIG 3 is
5 pikdlOWCTiziE tis § Ronporgrytsierafd aea Gbr sHdaihingl th®hbred over which it is assumed
di spl ayi ng process performed by the display 201
aagandibet isdisplgyddr esent enbodi ment. The fol I owi ng
explanation will be given with reference to this
di agram (cPAEFRANI(Video RAMIEared &3l sBotingObit rﬂageinﬁg&f)doaéé displayed
unit 204 repeats the processes of step 15 S301 to
Sdre theSséiber. OITiRaRNagf pidtestng( UhikNIap&ivdically] @&iskers images to the
anong the objects stored in the storage unit 205, for
whoritoracees aageydle détbeniakd Bﬂfa vieR@dal bynchfoniZtibe interrupt, based on the
transparented is stored. T Is, the display unit
10 A6fbrebesk stovddah ey VRAMateapr ocesses have been done for
all the transparency objects (step S301), and obtains
qoes3inpr deles e 4 fRnehat efewinbiclow (Ft@RtrSBOR X d1§pl@mg process
case where processes have not be done for the a
(RtREM&B BY; thhlodispld¥) A0004kbrdlde e thd) @rdaetl @ﬁb&ﬁﬁx@nt. The following
secured in the RAM 103 is fully painted with an :
applapptioraivil] bagiket outhdefzednoe td hiediagydM3) . For exanpl e,
in a case where a color displayed on the screen is
gRp64ssedFiby, i the-displayc 20 Drthe risplyclinit 204 rédeds, thapiocesses of step
green are each assigned 5 bits, 2 bytes are assigned
15t330¢aostgpi 305 folr chbte obtHoke (trarspa@endynebjbett)) amdag Gife abjects stored in
used as pixel values. In this case, if any of 32768 to
GbS Stordge wtit 205,02 Whikthgh esdssageder thbieffettsthas A€ it@bedransSparented is
used as the pixel value of the background col or,
mtoted.s Thidvad, the display heit 04 Bheks beethdes or Adt PREEYsES have been done for
object is to be projected thereon can be
all the transparency objects (step S301), and obtains one unprocessed transparency object

(step S302) in a case where processes have not be done for the all (step S301; No).

20 [0065] Then, the buffer area secured in the RAM 103 is fully painted with an
appropriate background color (step S303). For example, in a case where a cold_r
displayed on the screen is expressed by a 15-bit color in which red, blue, and green are
each assigned 5 bits, 2 bytes are assigned to each pixel of the buffer area. And 0 to
32767 are used as pixel values. In this case, if any of 32768 to 65535 to which a

25 highest-order bit is associated is used as the pixel value of the background color, pixels
that are to be painted because an opaque object is to be projected thereon can be

distinguished from the background color.



di sti ngui shed fromthe background color. 15 [0066]
Then, the appearance of the transparency object is
projected on the buffer area by an ordinary
t hr ee- di nensi onal graphi cs techgi que (step S304).
Thus, the CPU 101 and the inmage processing unit 107
function as the projecting unit 202 in cooperation
with the RAM 103, where the buffer area constitutes a
f10066] pr of ke, ithe appearaice Df[tHO Grdhsparenoy dibijet Mis projected on the buffer
t hr ee- di nensi onal graphi cs processing, the outer shape
odreaby anljrémbrypthacediniensianali griptits tebheique (9@NS3@Hal Thus, the CPU
space (in case of an object having a transparent
pH0lt aminthe irhegopdoeessihigampgt 107clutictis dshile ipPdjedtingaintid 202 i@fcooperation
the object that can be seen through the transparent
pwith ileBAMS 108, syhesythd baffepartacomstifiRes @ROProfeetiéR Plane.
Hence, three-dinmensional coordinates are projected at

5t0o6t menksi ontiharg abredidimbresgomy grapHiew probOssigg e (@& shape of an
such as parallel projection, one-point projection,
edtgect Aslactes i1 idbetitabalire-dimbesiortah &phéaIBPERNEY 2@bHBjEEt having a
is projected on the buffer area by a three-dinmensiona
grasparest portiomi el @uter RBRage deludvath¢eidnef pdrtien i tige Obje& that can be
whi ch the object is projected take a value of any of
Osebm tiddudlythepranypadent gof@dn)ds dbphyéd 6@ havoidmeseéhd] @freen. Hence, -
the object. [0068] Wen the projection of one
t theesdimesdicyal Adpalihatess are Oftpjeeted tht i tivot dimenstBid) &oordiddes by various
the obtaining unit 203 counts the nunber of pixels

10(2ethydues anelaay paralleh@rdjedtions oﬂé—ﬁ@mt pReéctiona¥r. a ARl dBkribed above,
.value (0 to 32767) other than the pixel values (32768
twhdéb Bi3Sramspaiehey dbjek @ prujebteDlor the i Buffk d@éa b LHBrdé-Bimensional
the area over which the appearance of the
tgrapisigateetntiyug hhepixel Salpesopfeht 8He 0ELCRhiSBARY objElEk prSjected take a
the CPU 101 functions as the obtaining unit 203 in
cedyperfany ofl Owb 8276H prdvAdddtBa.a Mhlkin colbeisarsed faafthd d&'lgect
currently 20 processed object after being projected is
db0é8Ined When ithesproptietn of bhetrihsparehey objest isaosipifed in this manner,
S301. [0069] On the other hand, in a case where the

15 phoobmgesg ofiit 208 @oGERAO thet wursbee pf Poteds (byte abeNin the buffer area, that
performed for all the transparency objects (step S301;
Yes§,a pixel yalua (8 toa3xy67Wodree thdrethrr piaelotalese (32768 to 65535) of the
transparency object when they are to be displayed on
thaekgronmb reola, i250mdbi ad netdaint he fleavogweshich fHeoaps@esce of the
at step S306 and thereafter. [0070] First, the buffer
atrelmapdrsndyud)tbjyctpiaiprbjbdted/i (skepaSi0sedeTatnisnhd ORPUKDIIoGR@tions as the
col or,
obtaining unit 203 in cooperation with the RAM 103. When the area of the currently

20 processed object after being projected is obtained in this manner, the flow returns to step
S301.
[0069] On the other hand, in a case where the processes of step S302 to step S305
have been performed for all the transparency objects (step S301; Yes), i.e., in a case
where the area of every transparency object when they are to be displayed on the screen is
25 obtained, the flow goes to processes at step S306 and thereafter.
[0070] First, the buffer area is fully painted with a predetermined background color,

thereby to clear the buffer area (step S306). This may not be the same as the



thereby to clear the buffer area (step S306). This may
not be the sane as the 16 above-descri bed background
color. Typically, 0O (black) or 32767 (white) is used.
[0071] Then, the objects placedgin the virtua

t hree-di nensional space are lined in an order of
those that are farther fromthe viewdoint (step S307).
This is so-called Z buffer nethod. 5 [0072] Next, the

PIRGEsRSIbed badk@Pound@BIdrO T FiRalB3 DIbRKE) dreyRger edhite)ris used.
the lined objects, in the order of those that are

faother frim tHeeobéeyplatddt in tHOirtuaBthroddibleasiondl spade are lined in an
processes have been done for all the objects is

Cheeksdhé i8R a8 Ofher 806 thB&idvaicihigsitp 98€7). aMbitdis kbealled Z buffer
unprocessed objects is obtained (step S309) in a case
whemhedt he processes have not been done for the al

(step S308; No). 10 [0073] Then, it is checked whet her

5tinD$210b] eQbxtl $he phdcafed F S90S &6 Iste@r STB are( WpeAtE® Tor the lined
an opaque object) (step S3 10). In a case where the

Ohi&44, ih TheAtdOPAUAHEcARAEEE far(hef BB Yiewdint. t TBat is, whether or not
di Splay unit 204 projects the opaque object on the

bpthEQEesHRa ti¥n dbiY RR-alll B BSjceRAl cBIRBA (fePSI0BS&id e farthest one
with a color which is set for the opaque object

(X HLRE ikprod€sbd 8B cbtY id Sothive® (stdpf IO #Base (vle@Pthe processes have
S311), and the flow returns to step S308. 15 [0074] On

t % bRENESn B P he d 1rtts@p<saeg; W6).@ transparency object
(step S310; Yes), the display unit 204 obtains the

IOIALO_@'ﬁPar efikeh, Ge Y5 CdetiRAl wheth@s RS Bj&d 14 4 Rranbisurédcaobject or not
ich has been obtained at step 8365 for that

L ARERA RS %X(%&bd)kﬁ%t) (SdE3 19312 a bhsel whetl® flef M is dhapaque object

is association’is made i n"such a manner as to raise

t
t %ﬁe_})t $ A0S PRY) YIRSy @Rit D4t fiBjecBItBA oplquedstg€dt-on2fe buffer area by
[0075] The degree of how the transparency degree is

I fkdedinfeasioRs Ehptiggodelsingasith at dodstsvalchNis ysed iprethie. opaque object
That is, step-w se association patterns of various

t (pscaliBYefdeed B eRAFECRAIGHAALIVA) (@ﬁg &33 0%; had therflgvatdnehsto step S308.
is to use may be stored in the object storage area in

15t {00 78RAM 103 th¥ottter Mah&! iane ease @ ftdirsnspaRaey abjeot(step S310; Yes), the
pattern, the transparency degree can be obtained from

t fiSplay @it 2% JHIBASIheThaRpatchey dégred at Wadsodd with the area, which
projects the transparency object onto the buffer area

biast bee8 @bt ERING HRE3EF AR RhASrPEREERS dtgechi(stef8312). It is desirable
transparency degree obtained (step
that this association is made in such a manner as to raise the transparency degree as the
area is larger.
20 [0075] The degree of how the transparency degree is raised can be changed for each
transparency object. That is, step-wise asséciation patterns of various types may be
- prepared and which association pattern is to use may be stored in the object storage area
in the RAM 103. With reference to this association pattern, the transparency degree can
be obtained from the area.
25 [0076] Then, the display unit 204 projects the transparency object onto the buffer

area by three-dimensional graphics processing at the transparency degree obtained (step

S313), thereby applies the so-called o blending. Thereafter, the flow returns to step



S313), thereby applies the so-called a bl ending.

Thereafter, the flowreturns to step 17 S308. [0077]

When the processes have been done for all the objects

(step S308; Yes) and the inmaggsto be displayed is

generated in the buffer region by Z buffer nethod,

t hr ee-di nensi onal graphics processing, and a bl endi ng

techni que, a vertical 5 synchronization interrupt is

vegoged for (step S314), and the generated inmage is
transferred to the VRAM area fromthe buffer area

(@ben S3IWheAfhprodssséNhblerBRh JOGE HbrSall tHeedbjddi Gtep S308; Yes) and -
processes is termnated. This is the so-calﬂed doubl e

b figlab B dot B MMPIMRA Whiederted fiar thePhe¥e&NEdgltth blyi ZKBuffer method,
in the screen di'splay. The inmage processing unit 107
PEFQfi B nsif aldrlhiRr Of@8sking, SHed bhablehdifg | T@dique, a vertical
generated in the VRAM area i s di splayed on %he 10

55§gha%nﬁ§ti6rhﬁlté}ﬁiﬂ)it {OWaitdd0RY Bkep 83 4] nd 't B&rerattd) EndgRUs transferred
101 functions as the display unit 204 in cooperation

Wolthe HEAMTRGE FRIP SRS B ffE 4484 (stdP 83 ndattdnnRAMNY@Boccurs, then this
[0079] Cenerally, a transparency object is an object

t Bateskss isitk@hiNatt@ CPRE i€ hiRS®)-dalle@ doubR BUFRWAGItédhnidue, which is for
the virtual three-dinmensional space, while an opaque

Gkink SfiRRerSbBnethe schéent BdplakS TRE dhfafe Hro@sUBE Yunhtal 07 performs
place fromthe viewpoint or unlikely to cone closely

t 151&*? pYoR¥RRY Bich thet theXAER BencdAty@h tHRAVRAINE afblaSp H%Fﬁlayed on the

di splays a state of a car race held in a virtua

109N P AEmobii@t 1S captured froma vehicl e-nount ed
canera, other cars and obstacles are to be the

tfoangPar eRCcHiORhngfet Sthe @A) Y& kithchbhd 4 A8 displayNimit 204 in cooperation
course, and scenery showing in the distance such as

byith Hedge bFRESind N @ A% the RAV1.108ake, sea, etc.
constitute 20 opaque objects. [0080] According to the

DL()@se]nt eqbRGhINE Rt traxﬁpzﬁﬁh%' S¥)b@qt an abrcpthaj Bdilety &t come closely to
the ‘transparency degree defined therefor (generally,

Ofp@ G4kSvpsbinti if )the Atthal tha&ts PiadeRBiGMaloPhes; twhileainorfat 0 ebjeetds an object
by a bl'ending, with their a val ue changed according to

15t i@t RrIetREd hON vafyeRr plabs fionk @SN iewpEMeBr uhililkel & €ome closely to the
where an object conmes too closely to the viewoint and

25ieAB6iAPI SforaexhMpRe gk ahAfthd digplag Qeeﬂisﬁlbyh adeatd bPa car race held in
ot her objects, it is possible to nmake the other

ORj VB3 dameS§Rbe, thatoradaphited B @Cichife-frduiedabdega, other cars and
transparency degree of that object.
obstacles are to be the transparency objects, and walls building up the course, and scenery
showing in the distance such as buildings, trees, mountains, river, lake, sea, etc. constitute
20 opaque objects.
[0080] According to the present embodiment, opaque objects are projected at the
~ transparency degree defined therefor (generally, opaque as is), and transparency objects
are projected by o blending, with their o value changed according to the projection area.
As a result, even in a case where an object comes too closely to the viewpo'mf and
25 ‘occupies a large area of the screen to hide the other objects, it is possible to make the

other objects be seen through that object by raising the transparency degree of that object.

Accordingly, the user can appropriately grasp the state of the virtual three-dimensional



Accordi ngly, the user can appropriately grasp the
state of the virtual three-dinensional 18 space.
[0081] FIG 4 and FIG 5 show the states of the
display in a case where the prggent invention is
applied to a car race gane. In these diagrans, another
car 711 is displayed on a screen 701, and the -
transparency object is this car 711. The w ndow
fﬁ@ags, the 5 steering wheel, the neters, etc. of the
uSer's car are opaque objects, and not to be

d['()@@ﬁjpar 1R d. anld0d82]5 dlﬁw’:ﬂh@sta‘ﬂes dfNBe Aisplaglih d Gase where the present

i spl'ayed transparently to | et the background show.

| Bvdrtien i9appilRQ t6 Acar tdeeigandeh e [ BleS@ Biaghins, andth&iagyed is displayed
clearly so as to conceal the background. On one hand,

tdH 8§ skRePFORUSR thBraaAbRReRYeSbjoMdiie thi$ 84 7RI Mkt wihdow frames, the
projected is 10 different. In a case where it is

5PirRgt RHedl2tBemEteds dt8 &t Ge fsertsheurt drdaNsRAGHERG)ects, and not to be
degreé becones hi gh. Because of this, no great part
Ofarsp@efedlr se i s hidden behind the car 711, and the

state of the road surface becones recogni zabl e by the

Plodssr - Il AcEas ﬁle"\ﬂ? 781 1id dishRy®! QuRphRAN Ro Rt $l'i€31)zickground show.
sizeas in FIG 5, the transparency degree is | ow

(apprwei tHeNcdrM 6L i€ ARE scr%bﬁ‘%lnﬁs&sﬂﬁyédhgle&tl?tsg &f to conceal the
he road surface is shown to the player, it is

Cr%ﬁg‘éﬁﬁ&d 3rohdBind REE & Be%aﬂsbttﬁé &eh) 8@& wicklirRRaAYi NG projected is
the €ar /711 transparently, and it is thus displayed in

10t NfreRAf. MBh ST&RBSVherd QQ§ %}OJ Bted h’&?el{%@qﬁ r}GNg, {He ttdi8parency degree
present enbodi ment, the degree of transparenting

(Reerel ﬁighonBQ&Idw%ﬂt}ﬁi 80 A phit ITURAERIEYis REfies Brhiddhe car 711,
be changed for each transparency obj ect, which makes

| 4ndRAS $tal! &F thO roddWurBXPRIothes $8QPNizIBle Byah&pRed N8n a case where it
virtual 20 three-di nensional space appropriately to

BPrdjsqed acLahall Side hoin G, degitRnSartdUecprRGEIovO{o In this
ob?ects Enbodi ment 2 [0084j Accog%lﬁggtogﬁg (opkiee).

ahuay, &siklRShbdt REdhe SRR MBB troadsdrfRBSP IHAAE Yo Be) B&fer) 8 is considered
spread on a bit map i nage, and the projection area of

-15t{AGt therRMS Pidleide TRiidyindtheRaAT NP tanspardd§ 4hdoibis thi€displayed in
nunber of pixels thereof. According to the present

kb a8Hh® Mhannkfl€ proj ection area of the transparency
object will be obtained by using the coordi nates of
[0083] Further, according to the present embodiment, the degree of transparenting
(association between area and transparency degree) can be changed for each transparency

object, which makes it possible to, for example, show the state of the virtual

20 three-dimensional space appropriately to the user according to the degree of importance

of the objects.
Embodiment 2
[0084] According to the above-described embodiment, a transparency object is

spread on a bit map image, and the projection area of the transparency object is obtained
25 based ‘on the number of pixels thereof. According to the present embodiment, the
projection area of the transparency object will be obtained by using the coordinates of

control points, such as vertexes, etc. of the transparency object.



control points, such as vertexes, etc. of the

transparency object. 19 [0085] As disclosed in

[Patent Literature 1], there is a nmethod of

determining a collision betwegg objects, by

considering a sphere and a rectangul ar parall el epi ped

whi ch include the objects and determ ni ng whet her the
objects will collide based on whether the sphere and

t[*lgn@%]ect apguigiosearial [paleapipeitwk | 1], aeré iisla, mtGot esfugdermining a
the anmount of calculation. 5 The present enbodi nent is

bas3edo BetdReh BBjRctS] B} Edtsidefing Rispherk QA8 rectiratuldr parallelepiped which
control points corresponding to the shape of a

tihakae ﬁ%&ct@&i&@te@{iﬁin‘g&ﬂﬁtm% H5EAs eMapellide based on whether the
Typically, it is advisable to use the vertexes of the

S¢Phkleamt thé Retanpaldt ?ﬁra@eﬂé;ﬁbécﬁkﬁp&ﬁﬁﬁb, 1P¥ddase the s@lount of calculation.
rectangul ar col um that includes the transparency

50bﬂ1eeli%sen@em|aeaime§t RHa80&HarPiled Bithikb i @ge of the

smal 1 est sphere that includes the 10 transparency

o086t asThigs cBRtEIPoiRS chiSspohlline (@ the shiipeSof Strit@badeRy object
o&PyGLase. [O%87] Iﬁk?s desifgblggto ff%?% (t)hernuiriberéyo']ec e

ofssizaRd MRkorBIpinat S Thpicallgeltt B AviRBIeR ubd thOReRExdsOof the smallest
facilitate the proCess to be described bel ow

Aec@hghiRgbatalld1Epipat, fphf%ﬁd, orf re6@REUIN colid@h M3 iRdl€des the transparency
sel ected such t'hat the shape of the transparency

ob}ieG! ofpHiRe AYINEESEL thaARMIAE BRLtBE Yomatiest SptRAPItRat includes the
it is possible to express it by a triangular pyram d.

IOTﬂ&fsﬁt]j%n&)soﬁ] BAAY TR dMAroPFoiAMC NHRWek &l BRSE ro® tHeQMMUY E46
in the procéss for changing the transparency degree

d%ﬂ_ﬁg | NOTtOR debigatdé @ Siedit B ABBeradf ddh@rol pBMSPEY 8Mtedtain degree, in
obj ec and approximate values are sufficient in many

CaRieSto £200:388 t};@']?@cests Qo Wi deberiRAMBINAL E5cRRIILAS, &GLERRS if control
the control points are to be projected by

t peife- st NRNEtedN AlchOihap fiheC Shape OSBRI REnIpareable Gt cafltbe expressed
some or all of the control points 20 that are

PiHrSGhRAELIA EF GARPIESEH & Pobdke t8 ekpRYELK Q! ¥@8fular Pramid. This
convex polygon rnmust either have its vertexes at the

15PIsQjeBAls8 hoPSY Miush Sfrictdees BABGUIRK iR procesaIfor EHnpihg thé Gansparency
projected points of the control points inits

| ddg@éd dpendihglof aBE pYdj€dtRnt 162 F) BE ttrah§paréﬁ(:?ﬂﬁ§§c&,d aly approximate
a triangular pyramd, the convex polygon will be a .

t ydladHre sefficRnbimdimnedses. [0089] Then, the area of
t he convex polygon is obtained fromthe vertexes, and

t[0088] S 2Theéts @6l wschiddBrdihfies Ve stfees thetddgtrol points are to be projected
transparency object is to be projected on the first
PhP1EEL-HRRerRloAREzraphics processing is checked, and some or all of the control points
20 that are projected are connected to make a convex polygon. The convex polygon must
either have its vertexes at the projected points of the control points, or include the
projected points of the control points in its interior. In a case where the object is
expressed by a triangular pyramid, the convex polygon will be a triangle or a quadrangle.
[0089] Then, the area of the convex polygon is obtained from the vertexes, and this is
25 used as the area over which the transparency object is to be projected on the first
projection plane.

[0090] According to the present embodiment, even in case of an object having a



[ 0090] According to the present enbodi nent, even in

case of an object having a 20 conplicated shape, it

is possible to easily obtain the area occupi ed by the

object in the screen by selechjng control points of

the object, making it possible to sinplify and speed

up the process. Further, in case of an object that is

anor phous such as sand cloud, liquid, etc., it

%ﬁgﬂf@ Ste@ QRSO ks tpdsdibRab dabiBMbBGIn fhensaab&upkdHy Betdhject in the
by defi ni ngéijt he. cﬁgntrol 5 ggibnts. [0091 ] '?'heqm )
RCRSE M seRRINE 8érit polntd HBthRIdbfict, ifaliAs @ChoRsibkapanepslely and speed
Pat ent "Application No 2004- 140693, the content of

WY 8B ptotedsNC PLRARERIEEhsEBF 8 Bbjedt thitSs BMbigheLY such as sand cloud, liquid, -
Indusprlal Applicability [0092] As explained above,

agE oGt RImES pbiEHIPtESRAE thedy 88 tthaltpardrcy dt§eddP 8§ idRkifirdgOthe. control
10 provide a display and a displaying nethod suitable’
sfQintghowi ng a virtual three-di nensional space to an

observer in an easy-to-understand manner by

5\[}?093' di "ERSHhRaRk aSFIRRNbLE SlatthS BHENtyH8Ed bRl JabaB@kePatent Application

ere the area occupied by an objeCt in the screen is

1726 9604 Y4593 Sthk RoRte RASTAVNIBE [sSindtpSaicRterdih AcREeritietyhe
virtual three-di nensional space cones too closely to

the viewpoint, etc., a gRRHaEAppEAMBaARLE 15
infornmation recording nmedium storing a’ program for
r@eb21zi Ndal RRpRIMRA #oweMAttoRling @8 Ckhe L }18seRf Q&NeRfbn,aM1Gis possible to
to apply these to realizing a racing game or an action
10950BidE N a2 AYHy ARV £€disPReide0 Mbthbdalsuft @A | fof showing a virtual
t'echni ques for" providing virtual experiences of
VilfdeQUlimebAPRT - spdee GbAllND obkdver™ B SBl a¥as¢28hhderstand manner by
conprising: a projecting unit (202) which projects,
OffeR-AmbhdiStal BEHhRE i Py \@R¢n a @ieAPREE R HrEa &cupRADBY an object in
- object to be transparented (hereinafter referred to as
"the a8 98 ChMrgebjsaeh "as, .in 28D Swhbtee @hS objedC gfladed & the virtual
virtual three-di mensional space; an obtaining unit
(1RRR3)diMeh&bn B RpateNSoraes BoecoRY Lo \WhY GlRwpbait, 8PS ar diuter-readable
of each said transparency object is projected on said
15f infctnaRb R r@6kdifg nitldAe stoRing Pprdbfid 8t refliding 8249 oifal sdputer, and
di spl ays an i mage generated by projecting, onto a

S @ébram, and to apply these to realizing a racing game or an action game in a game

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



projection plane, an appearance of an object that is

not to be transparented (hereinafter 10 referred to as

"opaque object"), anong the objects placed in the

virtual space, and projectingythe appearance of each

sai d transparency object on said second projection

pl ane at a transparency degree pre-associated with the

obtai ned area. [2] The display (201) according to

claim1, wherein the transpaceagysdegree is

pre-associated with the area, such that the 15

tMansPaiLeReyY2@ hegenmes hi gher as the obtained

J?za i's a?éerg?%ﬁggigﬁgisplay_unit (204). [3] The :

di splagfojeeiy urﬁﬁ@@?ﬁbvﬁﬂ:htﬁ?oj%@' dftdla firstpesj&dtionfpdineC@tippearance of

sai d transparency object, sald projecting unit (202)

USBR 08jebl th bEBRnk e@(ReeihdTtepdBReBlol asPiraipakedlk y 86jed®), among

represent a predeternined background color as said '
stiyj&ts pladdcsata RudltRRe-diRsskidHapiRes s the appearance

of “said transparency object on sai d bit map i nage

ar ea,an%!Bgiiﬁﬁ% dnie i@ Ritieh dBthins 6 B3 006! RhidB tHeppadrBice of each

over which the appearance of said transparency object

| i spaeBEy oljEQ@M Brofuétditdn @id ﬁﬁ@ﬁ{éj dchish pRihe; dndcl uded

in said bit 'map inage area, that have pixel val ues

whi chy Béfaydindif @08NwhichQRpla)stSmabe bR EBEepRId¥tiAg bnto a second

25 backéﬁgﬁnd g%lgr. [4]I¥%é di sp a% (201)g§%c%rdi%g

t Abibihne WAGHBE k@Yl lobRet thhSis AbLtodeStabSedted (hereinafter

éggﬁksgﬁg t?ansggrency objec?ﬁbefprehand, 22§&§aid (
10PfefirRAltth REdiRighe 6BRED"), RRERINE thSotiedtépaedt inQhe PiptuBl $pa&d) and

said first projection plane, and said obtaining unit

(FBRLLIAPHRI PP RIARad sald HRRYEEnOPLHBIEARNSs@IdRELHWprojection

connecting said control points projected on said

f hiESd atRtPin8F4rb Y RlpAidpre ASsobiAfedAk@RHR \WBaiNdl 561 t he 5
appear ance of said transparency object is projected.

[B] The ddipa) @01 2R8)diseelding to claim 1, wherein

associ ati on between area and transparency degree is
def i Rabréintiey €lirpstehdf dege@cid pehsodifed S B aita duck eat the

lSatrr]:nspaIency degree becomes higher as the obtained area is larger in said display unit
(204).
[3] The display (201) according to claim 1,
~ wherein for each said transparency object,
said projecting unit (202) uses a bit map image area in which all pixel valugs
20 represent a predetermined background color as said first projectiqn plane, and projects the
appearance of said transparency object on said bit map image area, and
said obtaining unit (203) obtains the area over which the appearance of said
transparency object is projected, from a number of those that are included in said bit map
image area, that have pixel values which are different from values of the predetermined
25 background color.
[4] The display (201) according to claim 1,

wherein control points are assigned to each said transparency object beforehand,



said display unit (204) obtains the transparency

degree of said transparency object, 10 fromthe

associ ati on between the area and the transparency

degree that is defined beforehand for each said
transparency object. [6] A displaying nethod,

conprising: a projecting step of projecting, onto a

first projection plane, an appearance of each object

t 0 beaitpRsissaianie@ ol hgopiciahidedontref gsih8 dnts@idofrst projection plane,
"transparency object"), anong 15 objects placed in a

vdpdt ual t hree-di nensi onal space; an obtaining step of

obtai ning an area over which the appearance of each

sai d saitllobfafial QAR Y2039 joBtiing & REDHRLEREeRPolyabhlfdrined by connecting
projection plane; and a displaying step of displaying

ajaid (oRER] HEINRIRbeEted¥n BAIGIRSIPri@ctiHBland) as GEQREL over which the
projection plane, an appearance of an object that is

sN@pedrandio ftshANEHBFABAGDYReTehoRtlar 20 referred to

as "opaque object"), anong the objects placed in the

Vish t udle dSpREAR20 B HtchidLetddig t,he appearance of each
sai d transparency object on said second projection

pl aneyiteid abdooREHRbERNEYN HRALAE trﬁﬁ?aﬁb?@? db@bets dfinbd bB@rehand for
obtained area. [7] A conputer-readable information

r QeREAlH RAn SR HENoBjcRt, aR@ @ programfor controlling a
conmputer to function as: 25 a projecting unit (202)

Whi CRaRrdRdpest $nit @Ok Potaink kel tradisParBiidyl d¥igrdel FREId tAMsparency object,
appearance of each object to be transparented

10(#A6th Rh kb QAL SrEd@WERTKhE Qredind P SRBARAGY dpRdeBbt i} defined
anong objects placed in a virtual three-dinmensiona

SRA&RhardiSfor B4thARidakdHspaerdyi dbjéet03) whi ch obtains an
area over which the appearance of each said

t l6RN AP ARG MU REL, chbimpREi@pect ed on said first
proj ection plane; and a display unit (204) which

di splagytsjeating STOD6S [rojRetind, @Aty fipst pfopedtion PlanedrDappearance of each
secon projection plane, an appearance of an object

t Stgéct kS bo@hnspBrebR di(heromaREeiRfefbd(th as erdrpireficybobject”), among
referred to as "opaque object"”), anpng the objects

15PdeRsiplated it Withil Yadee SpaemiorANspacey 0 ecting the
appearance of each said transparency object on said

second optRniag kicpdf oblagiif &t arda bvénsigiak pe@ai@ef each said
pre-associated with the obtained area. [8] A program
f @anspABAEYOID EA s FrofeRtidWinedaid frst profdction pRse; and
a displaying step of displaying an image generated by projecting, onto a second
projection plane, an appearance of an object that is not to be transparented (hereinafter
20 referred to as “opaque object”), among the objects placed in the virtual space, and
projecting the appearance of each said transparency object on said second projection
plane at a transparency degree pre-associated with the obtained area.
[7] A computer-readable information recording medium storing a program for
controlling a computer to function as:
25 a projecting unit (202) which projects, onto a first projection plane, an appearance of

each object to be transparented (hereinafter referred to as “transparency object”), among

objects placed in a virtual three-dimensional space;



5

10

15

a projecting unit (202) which projects, onto a first
proj ection plane, an appearance of 10 each object to
be transparented (hereinafter referred to as
"transparency object"), anong ,¢bjects placed in a
virtual three-dinensional space; an obtaining unit
(203) which obtains an area over which the appearance
of each said transparency object is projected on said

firstnpbRiRE: 160 (JOBFABichadtiaias gH &Bh ayeruptith (h2Qbpeariceivf each
di spl ays an 1 mage generated by projecting, onto a

SsafPishspdrendy j &k i 10jcpledtR, sallFir8PRBRE AHE Fladé; aakl
object that is not to be transparented (hereinafter

r ef enrdegldyous20PPRBR d%l@@hﬁ)mag’ﬁ@ﬂra&éﬁﬁo}oﬁﬂoﬁ@ﬁﬁg, onto a second
e

placed in the virtual space, and projecting t
aitbRafiHSIenQ fan @psdaraRE Of ki BHIRMARANE Hotabjbe Glan SParéddi(hereinafter -

second projection plane at a transparency degree
RefrRa 3084 Wpagudbljbett)@meRE lefecs fldced in the virtual space, and
projecting the appearance of each said transparency object on said second projection
plane at a transparency degree pre-associated with the obtained area.
[8] A program for controlling a computer to function as:

a projecting unit (202) which projects, onto a first projection plane, an appearance of
each object to be transparented (hereinafter referred to as “transparency object”), among
objects placed in a virtual three-dimensional space; |

an obtaining unit (203) which obtains an area over which the appearance of each
said transparency object is projected on said first projection plane; and

a display unit (204) which displays an image generated by projecting, onto a second
projection plane, an appearance of an object that is not to be transparented (hereinafter
referred to as “opaque object”), among the objects placed in the virtual space, and

projecting the appearance of each said transparency object on said second projection

plane ata transparenéy degree pre-associated with the obtained area.



