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| DESCRIPTION DISPLAY. DISPLAYING Nil" IHOD. INFORMATION
RECORDING MEDIUM, AND PROGRAM 5 Technical Field [0001] The
present invention relates to a display and a displaying method suitable for
showing a virtual three-dimensional space to an observer in an
easy-to-understand manner by three-dimensional graphics display even
in a case where the area occupied by an 10 object in the screen is large
such as in a. case where an object placed in the virtual three-dimensional
space comes too closely to the vigvgogtnp@tey a computer-readable
information recording medium storing a program for realizing these on a
computer, and the program. Background Art 15 [00021 Conventionally,

sl e AR VRN

virtual three-dimensional space takgn,intoggnsideration, thgse 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! stieho@dhelidues are also proposed,

' h th sition of the viewpoint and the sight line along which
oo AR GROBHAP SHHCE okl Vel g Wit B g e abl for

C i S5 i inal one that sets a viewpoint gn any .of
B A oo
spacedsinhsetved radifectipninvwihich thessetiRbiast 2R MRYES:AMING

that sets such a sight line by the very sight line of the set object. [000=] A
ebesihiguBceprseris threesditnensierabg raphicsis Wiscliosedim the literature
{Hrdeiec— qu%r?s?(l)%\g{'s%ace comes too closely to the viewpoint, etc., a computer-readable
information recording medium storing a program for realizing these on a computer, and
the program.

Background Art
[0002] Conventionally, 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
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

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.
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Patent Literature 1: Unexamined Japanese Patent Application KOKAI
Publication No. H11-197357 [0004] In such three-dimensional graphics
techniques, in a case where the image of an object occupies most of the
area of the screen such as in a case where the 5 display-target object
conies very closely to the viewpoint, etc?, it becomes impossible in some
case to know the state of the virtual three-dimensional space, as the other
objects are hidden behind the object. [0005] Meanwhile, in the case
where the"\f‘ﬁ\éhpgimrétﬂg%Emwﬁ%@%i?ﬂgs%19 e Atg 9iclos e1|¥<](%{AI
so-called "polygon missing” or a normally impossible Sithation ?flor
exdinplé)the viewpoiis gntering the inside of an object having no hollow,
etc.) occurs and the displayed screen might be unnatural. Disclosure of
0EAtion PropérihtecsirsvivietabgremdineritionO006] tdenedes the image of
téeco ni% %J&r §howin9 tfh state of#ghe virtual three-dimensional 15 space
erin'an’ s\%c?fﬁﬁ% fai P AR r Vet Ficsbarathéase has

1 ODJe
to an‘observer inan e

heen.demansed. (9097 @9@5@&9%%@

nwas aqlebto solve the . . .
| ) olnl, ef¢.. it becomes 1mpossible in
above-described problem, and an “object of the préeserit invention is'to

poovidesa display @adiadighlayingumethaddsuitable fo5,showing. MRt
three-dimensional space to in observer in an easy-to-understand manner
20 biddenbehikbaidtetan object placed in the virtual three-dimensional

?18]‘5’6:?3 comes too ﬁnlosel to the viewpoint, a computer-readable ‘
nformation Tecording kGRSt HGAS PRy R feRdaslishty tHess ohicst come
COMIMASEY, | I 1s or Solving the.Probl 0008] To.

achieve t§ﬁe§ g%é%%kﬁgi ,%%Mf%%naﬁﬁ&gﬁﬁ%ﬁl Wi O(Sés%%c%(%%l Ié%m
aseardingto/tberpiincipleabtihe presedt Ivaiiam{eR09) %QW@%) occurs and
according to a first aspect of the present invention comprises a projecting
thsidisplasthiatern orighahel waispiay unit. which are configured as follows.

3

Disclosure of Invention
Problem to be Solved by the Invention

[0006] Hence, a technique for showing the state of the virtual three-dimensional
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
even in a case where an object placed in the virtual three-dimensional space comes t0o
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
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.
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[0010] That is, the projecting unit 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. [ 0 0 1 ] ] In ordinary three-dimensional graphics
processing, the outer shape of an 5 object placed in a virtual
three-dimensional space (in case of an object having a transparent
portion, the outer shape includes the inner portion of the object that can
1e0sgen thrauah ie ARsARIEREPAIENL hav e ReJispiaved N2 o,
two-dimensional screen. Hence, three-dimensional coordinates are
projectedadtwohdibensiobaleogidinatasityeiarious (QeRNiE UE S BIHGPaAS ¢y
parallel projection, one-point projection, etc. The projecting 10 unit
POHSMSIBIEE phisjeettrehit ahd firdt projaltivnsianksfo812] Meanwhile,
t taining unit obtains an area over which the appearance of each the
t@g‘garen%?/%glj’é% iglﬁ?%%&gﬁsgﬁ%%r?w&%%@ﬁ%ﬁ%l@ﬁé’?ﬁ@bﬁ‘@?%é‘}
e dishipcalegton Rlangis.Tarchiaining adoghmegsuie gLING size of a
transparency object, when it is displayed on the screen. In"a case where
thenyimicansparendy objectings asimpiarshape (forexample.s Rherea! be
a rectangular parallelepiped), it is possible to obtain the area over which
e traRspar BN drbblacniso pivjeches whhdispperdmmin gyordjecticinifl howen.
t%e cootliding es of control p%ints such as vertexes and center point of the
object wil & BEAVERELC R EHBURE AT HOWRIRT A waghinshsiashistadinates by
Saepes Lianglasaersaiiarsh-earng e fssent nvention, Since

20 the objectis once projected on'the first projectionplane; it'is possi%nl%leCtmg

10 tmegsitfoabiainiieorier oveowlichdhe obigsh isiprojected, even if it is a
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transparency object having a complex shape. [0014] Further, the display
WA displayd e iy dhgeiraiad byitprofenting aontovar séddnthpapjeatione of
plane, an ap}g;earanc .of an object that is not to be transparented 25

@agr}}:ti]ﬁ%ﬁ@}s BFERFE P oS S SpAlGie OB et fishther tive Blsfets placed in
%i"j tual ?&%ﬁhe%‘it%%%ﬁ&% AR @gra(gglt%?r%n()f £ ra(')%h thrgegsalllrr]es 89 {1%“&%6 of
objecg on the. second projection ‘plane at a transp%rencf%egree
preaassoeiiesbiwih theobtaioRdiareédoftthe screen.  In a case where the
transparency object has a simple shape (for example, a sphere or a rectangular
parallelepiped), it is possible to obtain the area over which the transparency object is
projected without performing projection, if how the coordinates of control points such as
vertexes and center point of the object will be converted is checked. However, in case
of a complex shape, it is not necessarily easy. According to the present invention, since
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
(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.
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100151 Generally, a transparency object is an object that is likely to come

closely to the viewpoint in the virtual three-dimensional space. While an

opaque object is an object that is located at a very far place from the

viewpoint or unlikely to come closely to the viewpoint. For example, in

case of a display that displays a state df a car race held in a 5 virtual

game space, that is captured from a vehicle-amounted camera. other cars

and obstacles are to be the transparency objects, and walls building up

tloe icurseGane-goenern shewing ik dhe.distancs ﬁ%h‘q"ﬁ(@% ldings. t8eS y o

mountains, river, lake, sea, etc. constitute opaque objects. [00161

Recoraingtbithiépresentinvedtiomsopaguecbjetis aneprgjecigidons theobject
0 second projection plane without changing their transparency degree;

i}ﬁ‘a i{ &Eﬁréﬁjftye%ﬁ%&?%ﬁéf%j‘lé%f@%ﬁlfﬁér‘s@é&f‘éﬁfﬁmf@emréh@b@ﬁ

MEd eI E R g S et

1 d S
they are displayed on the screen equa & area theréofWhén“ " @

Ehﬁyéﬂi%eirﬁé@@@@d}@ﬂi5"@&[&5@@@9@@&1@_@%%&@ g resWingfears and
projection on the second projection plane is displayed as the generated

iphelgdeHerdo b8 thetfirstierojestivicplanedisval planidihatis tisedurse, and scenery

temporarily, and not presented to the user of the display. [0017] .
COING 1 tHE e sashimvRHiALT Betomebirsibetddfotrpptigaenstitute

89&38%50% difransparency object to the user in an easy-to-understand

manner, by determining the transparency degree of the transparency

phijests depeodingon the aeat oualwhishytheWRRPAENSY QbiesIsare

displayed on the screen (this is substantially equivalent to thé rate of
@@G@ﬁ&ﬂ@hdﬁoshelwe’éﬁ)oqodiﬁmﬂgel@ismla;smﬁwiﬂ@t@ethﬁ@ﬁ_aﬁgmency
invention may be configured such that the transparency degree is
BPASCS BT RApAer At HIRE srean S BN At iant Rl ety telreespersores

' the obtained area is larger in the display unjt. 25 [00191
e B e T e s Wik pdncona

of theaserenrothenothar phiesisiacehidden fehing; the Lhieckand HaGaMEsyi
unseeabie. Hence, according to the present invention, the transparency
depreectorndisplayiag tdeoalijetvispiane is displayed as the generated image. Here,
the first projection plane is a plane that is used temporarily, and not presented to the user
of the display.

[0017] According to the present invention, it becomes possible to show opaque
objects and transparency object to the user in an easy-to-understand manner, by
determining the transparency degree of the transparency objects depending on the area
over which the transparency objects are displayed on the screen (this is substantially
equivalent to the rate of occupation in the screen).

[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.

[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



increased as the area occupied by the object in the screen becomes

larger. [0020] According to the present invention, even in a case where an

object comes too closely to the viewpoint and occupies a large area. of

the screen to hide the other objects, it is possible to make the other

objects be seen through the object by increasing the 5 transparency

degree of the object, thereby to appropriately show the .state of the virtual

three-dimensional space to the user of the display. [0021] Further, in the

isplay.according to the present invention, for each the transparency

R e S B Fodiifnge area

ioabich alhpixelivalueseepresent & predetesmined hackaround 61O Bses o

the first projection 10 plane, and to project the appearance of the -

trarspaiesyvobjectronrthedoitmeap Imageraredhanc dhetobiainingdtiai objects,

may be configured to obtain the area over which the appearance of the

i dpardiciPapikedhs prsjeebics ianieahionak dranbss thainressiolided

[ [ im rea, that haye pixel values which are different from
g e e S S Bt s e g e

preseaiiRvepten ARt naPimagearga nade up of an assembly of

pixels is used as the first projection plane. Then, after the bit Wrap image

arealis fullypéinted titkisp appropdiatetbackaredncicalon (it, ayde e

color inexistent in the real world, or ma[ége a color such as black, blue,

SRy PIREFanBlsSehe P oHeir s BT R B EvEBitorha i bigerarsagbyrea in
in ame three-dimension raphic,20 processing as used.in the,
3@&%3]?8%)&@ Vaﬁues frt Eé{?_{egent a 8?}%@9@{ Rlned%%éf(lgIbq;uﬁégﬁ)iOf‘hagtﬂﬁa%@t&%FCtlon

unit. Therea y colinting the umise

10 vadueshish ajiedn Mpﬂ@r@%@ﬂ'%@aﬁ%@?eﬁ@c? & 8}{%&"@}{%1&? Eéﬁge area,

transparency object is projected can be obtained as the number of su

pixélbq obhenprodustobamultifitication betiesr the size ohibe Rixelp@nthce of
the number of pixels). [0023] In this technique, three-dimensional
BEHHBRRSLBE Y ARISES typeisHsat Braonardstyiidetyhas et darivded in the bit

applied to the projection onto the first project] lane, and. the projection
on%) %ﬁg wgﬁe&({}jjéiﬁ%vr? Bfgenevglélﬁsbvghécglsiilrf ﬂé%%f%&r}é%gﬁlﬁeéf phvcs
pregessimg daargwarsthiatisused in a general-purpose computer or a
game device. 6

15 [0022] According to the present invention, a bit map image area made up of an
assembly of pixels is used as the first projection plane. Then, after the bit map image
area 1s fully painted with an appropriate background color (it may be a color inexistent in
the real world, or may be a color such as black, blue, etc.), the transparency object is
“depicted” on the bit map image area by using the same three-dimensional graphic

20 processing as used in the display unit. 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.
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[0024] According to the present invention, by using a bit map image area
as the lust projection plane, it is possible to easily obtain the area over
which the transparency object is displayed on the screen and to simplify
and speed up the process. [0025] Further, the display according to the
present invention may be configured 5%uch that control points are
assigned to each the transparency object beforehand, the projecting unit
projects the control points on the first projection plane, and the obtaining

it ébtains\arvaiiea ofacqenvex polygrn fermed by enagetingthe conthel s
points projected on the first projection plane, as the area over which the
Qﬁb%é’f%‘hl%{é“ﬁ% the RPav8sdresicy objeehnigprojected. wHid0026LApeardingbicct
to hsel[?re enttf:lrlvention, % trans;r%)fr_er)cy object is not "depicted” on the

firSt projection pianshaPIHe LBIRSY ABIHRCE! tHeiarispaFency object are
pasjegted an,fhe first prpigclion Riane, Spesifically, ihe coordinates af the
projected points of the control pomf:s on the first projection ptane are =
ssedth{Q027 0T heini e LORVEX ROky GaFh WROSEVRIEXS S B IMEFRAIRLS the
coincide with the 15 control points is considered, and the area of this
BENVER o BIrisctidhtegmtineitasan tbvdirwiiohethertransparenay obtaining

object is rPro'e;ctgad"f 0028] Acrcql?rdirf to the present invention, even in
case of an ObjEdt haufitg & Comiphedisa shapeonrs s dip RO s elraipts

A ied object.in the screen by selecting control
o g o i IS SRRI0TS e
prosgssniustiet; inpeaset@f an object that is amorphous such as sand

cloud, liquid, etc., it becomes possible to treat them as transparency

Bbigtts by tedinhpeteteopitesinpoirtsti {002 Shitkedisplapjacceringdeihed” on
&]r%slent invention may be Eonfigured such that association between area

PR RENSTHALY g s 1= darHalnoStET8h R er Rk HPigs are projected on
hanseasRACHORISGh-ANG 101G dligplay unit obtains the trans %2%”%@(3@%

of the transparency object, from the association between the ar

transpareney degraest thajdsidefinaed heferghand for each the transparency
object. 1 0030 ] That is, according to the present invention, the area

B)@gi]biEd iflthe seraapx polygon whose vertexes or inner points coincide with the
control points is considered, and the area of this convex polygon is treated as the “area
over which the transparency object is projected”.

[0028] According to the present invention, even in case of an object having a
complicated 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
up the process. Further, in case of an object that is amorphous such as sand cloud, liquid,
ete., 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
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.



and the transparency degree are varied from one transparency object to
another. For example. the degree of how the transparency is increased in
response to the increase in the area is raised for a transparency object
that is considered to be unimportant to the user, 5 and the degree of how
the transparency is increased in responsge to the increase in the area is
reduced for a transparency object that is considered to be important.
[0031] According to the present invention, it is possible to vary the

t arengy, degree from one transparency .object to another, and it -
ng es p?)igg?tﬁé#%&)sr ﬁ%%)v %é%étgt%&gi the Virtlial hPEE aiiarI R e sereen,
spacede-thed/serapprapriately;derRanding ons for.1Q example, 8.er.  For
degree of importance of the objects. [0032] A displaying met_hod a_ccordlng
texaseleotid dspect bhdhnetiprésemdnventiomiseisplemeptedd oatdispiayise in
cigmprising a projecting unit, an obtaining unit, and a display unit, and

c

PP FSEE A SproutinErSRap st obesinivg istensidierd. leliplayimysteplo the user,

5 Vé{Hiﬁ'ﬂééggr%%?%HW%@%JQ%?%"%’%}(;S%5?5[98‘?’@3ke':cfr%t’reat fhe projecting step, the

projecting”unit projects, ont projection PIARBOA Khpsaraitagsdr the area
aachiekiect o hevifansparenied (hereinaliar efered f9,85 ,fransparency
object"), among objects placed in a virtual three-qllmenspnal space.

[0034] Meatwhitépatdtiecattainirigstepiheioptaiiingwni-obtaingapamea
over which the appearance of each the transparency object is projected
SISHITE HFSP SRS EENFHRT 2t pres (005 Fupe, beceecdipteyingpsiepy the state
eplayiHnit displays a0 made generated. by projeting. onto  second

: d f
projection plane, an appearance of an obje¢ T8tHet g ding on, for

10 teansprienied (Rerginafisrieieued o g iopaque object”), among the
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objects placed in the virtual space, and projecting the appearance of each
tH®rdnspatehsylobjechahdhesecting (25 projertigrqlan@ap@sent invention is
transparency degree pre-associated with the obtained area. [Q036] A ,
PPRFAIT s ey £nBtREr BS pateisE e présemphiviehtiomis sahfigigthy
0 computer to function as the above-described display, or to_ ‘
f:%r%fro {gég?)nr%rﬁsuetge? golpe Sltrerﬁ’ t%neogﬁaéwg-gcfé%%’r%‘gc? dispis iR tbieh are

configured as follows.

[0033] First, at the projecting step, the projecting unit 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.

[0034] Meanwhile, at the obtaining step, the obtaining unit obtains an area over
which the appearance of each the transparency object is projected on the first projection
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
projection plane at a transparency degree pre-associated with the obtained area.

[0030] 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
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[0037] The program according to the present invention can be stored on a
computer-readable information recording medium such as a compact disk,
a flexible disk. a hard disk, a magneto optical disk, a digital video disk, it
magnetic tape, a semiconductor 5 memory, etc. [0038] '| he
above-described program can be distriuted and sold via a computer
communication network, independently from a computer on which the
program is executed, Further, the above-described information recording
meditismcdn bedistributed angd saldindependently from the computer. 10
Effect of the Invention [0039] According to the present invention, it is
HY5Sible tolpraviels ardispladinmie shadisplaying methodisbitabledon a
showi?g ayg&gatt“ree-djmensional space to an observer inan .
SRS USSR RSN B TR IR RS at pRaisHiEa b phay vehlprlisk,
q %ﬁ%xé@{!‘%@dgﬁ‘&@%%}%ﬁ@g cﬁgﬂp\/{?@éﬁ%éﬂ tgl Bhasheho flzazrlgse-cn%%c)gductor
as in a case where an 15 object placed in the virtua %ﬁree-&l%énsmnaf
spagecames too closely to the viewpoint, etc., a computer-readable
information recording medium storing a program for realizing these on a
tdiputer, Brcetiee proseahvdBriel Deseriptiors oftDrahing s040}h [FekGputdr
It is an explanatory diagram showing a schematic structure of a 20 typical
GEATHA B G GRS R SSrBIM GBI BFBBHiEnpbTase
LSS, MGG IR IRRLRelL iz, Bl 15,80 LXEMAIR AAQIAT, PRowing
a schematic structure of a display accorralng to one embodimerit of the
presentthmeniion ibfksendkiis adowehathshewing the flow of control of a
displaying method 25 performed by the present display. [FIG. 411! is an
explanatory diagram showingtdfeexditipléwetaidisplay displayed by the
B}{ﬁ; nt display. 9 [FIGs. 5j It is an explanatory dia?ram showing an

le of % %%9) the present invention, it is possible 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 by three-dimensional graphics display even in a case
where the area occupied by an object in the screen is large such as in a case where an
object placed in the virtual three-dimensional space comes too closely to the viewpoint,
etc., a computer-readable information recording medium storing a program for realizing
these on a computer, and the program.

Brief Description of Drawings

[0040] [F1G. 1] It is an explanatory diagram showing a schematic structure of a
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 embodiment of the present invention.

[FIG. 3] It is a flowchart showing the flow of control of a displaying method
performed by the present display.

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

displayed by the present display.



displayed by the present display. Explanation of Reference Numerals
[0041 100 game device 5 101 CPU 102 ROM 103 RAM 104 interface
105 controller 1 0 106 external memory 107 image processing unit 108
DVD-ROM drive 109 N | C 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 [00421
The embodiments of' the present invention will he explained below.
Embodimentsin which the present invention is applied to a game device
on which trlitz(élg?lrr@e?f?s%ggﬁ%ﬁ?ﬁﬁﬁc@d ‘é"Hi%‘Efié”yé% %iﬁ@én@q)iﬁf fhigptay

hetlpwyisiardercterfasilitate 25, understanding. However, the present
invention can likewise be applied to inlormation processing apparatuses
such as computers of variopisiytpesoPRAs{RersomalData Assistants),
ortable telephones, etc, That is, the embodiments to he explained below
2@0 123 inteh@ecﬁﬁ%@fﬁl’éﬁﬁaﬂon. not to limit the scope of the present
sinvention, ., CPU

102 ROM
103 RAM
104 interface
105 controller

10 106 external memory
107 image processing unit
108 DVD-ROM drive
109 NIC

110 audio processing unit

—
|94}

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



Accordingly, though those having ordinary skill in the art could employ
embodiments in which each element or all the elements of the present
embodiments are replaced with equivalents of those, such embodiments

will also be included in the scope of the &resent 5 invention. Embodiment

1 [0043] FIG. 1 is an explanatory diagré showing a schematic structure

of a typical game device on which a display according to the present
invention will be realized. The following explanation will be given with
referenceltd thiis diagramidO [0044) Algameideviesd 00rcammpiises:a GRMntion.
(Central Processing Unit) 101, a ROM 102, a RAM 103, an interface 104,
a'eoftrowsr. 1 dnlesae hnsimerdors 1 o6 lamithage prodessingyumithe07yents in
a..DYD-ROM drive 108, an NIC (Network Interface Card) 109, and an .
i S et o ’fﬂgﬁﬁ A%%Téw Adfn B S BN STRESHHAL d Gphtres! with

audio processing unit

RERgramh@nd drta antg the, 15.RYD-RPM.drive 198and tyrn Isr(]: on

"M% present
power of the game device 100. the program will be executed and the ~ Presen
5 disptay@according to the present embodiment will be realized. [0046] The
CPU 101 controls the operation of the entire game device 100, and is
connected f&8a¢tnetérhent to exchange control signals and data. Further,
ing an, ALU (Arithmetic Logic Unit) (unillustr(ated)), the CPU 101 can
E(yor §r1m arﬁlilée i(lzgfﬁ &P ??3?11(%\2 e A R0uHRSH: Silstratioiructure of a typical

muiinlication, %Miéi?@dﬁ}ﬁaﬁ/@&j&ﬁiiﬂg%emg R.3HER ,%t']%%'%%h %dstggﬂzbd. The
logical multiplication, logical negation, etc., bit operations such as bi
aalttitiong bi-mndtiplicatiiy Gitdinversiamehishiftibitaatatian, etc. toward a
storage area, or a register (unillustrated), which can be accessed at a
10 lh@éﬁ‘*gpeedé\ Eapiselc tise 16Pwmotistselffhby(Benttesitynedtmb&abld 60, a ROM
rapidly, quO saturate. operations such as 25 addition, subtraction, '
AN CrIC B 190 b RGN Mot e oBE S8, | Ugctorimase
BRRIAUADSFHCIY S, HGANMRITIG iU %‘g’nanelr\ﬁ(ofl\ﬁt%y?{%ﬂitzzﬁ?rfg%g%a%m G, and
coprocessor. 11 [0047] The ROM 102 stores an'IN, (Initial Program
boadéir) peobesexeauted] 0.
[0045] By loading a DVD-ROM storing a game program and data onto the
15 DVD-ROM drive 108 and turning on the power of the game device 100, the program will
be executed and the display according to the present embodiment will be realized.
[0046] The CPU 101 controls the operation of the entire game device 100, and is
connected to each element to exchange control signals and data. Further, by using an
ALU (Arithmetic Logic Unit) (unillustrated), the CPU 101 can perform arithmetic
20 operations such as addition, subtraction, multiplication, division, etc., logical operations
such as logical addition, logical multiplication, logical negation, etc., bit operations such
as bit addition, bit multiplication, bit inversion, bit shift, bit rotation, etc. 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
25 addition, subtraction, multiplication, division, etc. for dealing with multimedia processes,
vector operations such as trigonometric function, etc. or may realize these with a

COProcessor.
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immediately after the power is turned on, execution of which triggers the
program stored on the DVD-ROM to 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 i controlling the
operation of the entire game device 1001 [0048] The RAM 103 is for
temporarily storing data and programs, and retains the program and data
read out from the DVD-ROM, and other data necessary for game

wgmedingﬁ@ﬂfé@ﬂ@fﬂ@%m%m@% gvgﬁ?ﬁr» h%%m%%g‘jv(fo@;ﬁw

processes such as Securing a varia ea In the ork thé

Ahbkdirestiywpondhe value B &tered R thgovas lapﬂﬁcm@%é?sr%c program stored

operations, or once storing the value stored in the RAM 103 in the

radistd? VpeiteMigboperdiisnshtoRatd tHe registeruanidbwritingfiack the Further,
eration result to the memory. etc. [0049] The controller 105 connected

%o{ﬁa@MHQ?iﬁ‘féﬁ%&@i“@ﬁ%é@i@é’é‘%ﬁ%&é%tf&h afh BRGNS Apenaseseary for

ien AIRYING e sHa asf.acnogome, gic. 12 [0050] The external

memory 106 detachably connected throug e interface 104 rewritabl_y
stongs datar iﬁdmmglGEQSH@W@I@H&&W%&%Q}WW%%%QI ShlPRs the

game, etc.. data indicating the progress status of the game, data of chat
eugimnnodtidridopsd (retdrds), teec DMe- ROV candstolier tieeerdatasary the game

external memory 106 where needed, by inputting instructions through the

86%5%@8?&6%‘? SHIOBITHHEERPD -RONI D8 deldié d bh rEdcDwDRREMes such
i sto rogram for realjzi . game and i e data and

e e o e P R TR SR b e e

thedd VDsRQOMigsive. 1Q8rperfopma readl %Qd%r%ﬁﬁg R e VP RAMe RAM
loaded thereon to read out a necessary program and data, which are to be

iémpordrilystoted oprthenRAM KD iete. BE{RDBR Thiettmage processingk the
unit 107 processes the data read out from the DVD-ROM by means of the
eISTAPE T SSHY ‘i fagREHIGifation processor (unillustrated) provided in

ST BT Ty s S e e B e D
iARAGEiven by the user when playing a game such as a racing game, etc.

[0050] The external memory 106 detachably connected through the interface 104
rewritably stores data indicating the play status (past achievements, etc.) of a racing game,
etc., data indicating the progress status of the game, data of chat communication logs
(records), etc.  The user can store these data on the external memory 106 where needed,
by inputting instructions through the controller 105.

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

[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



5

10

15

20

25

information stored in the frame memory is converted into a video signal at
a predetermined synchronization timing and output To a. monitor
(unillustrated) connected to the image processing unit 107. 'hereby,
image displays of various types are 5 available. [0053] The image
calculation processor can rapidly perfokm transparent operations such as
overlay operation or a blending of two-dimensional images, and saturate
operations of various types. [0054] Further, the image calculation
PreERSSOf AN AlsR a3 pigi Refform an ]19{%99@8&Q5fﬂ|%:%qerj@gz byﬂlcz image
buffer method, polygon information placed in a virtual three-dimensional
spacednd having varidus textarerinformationaddedd tarobtaimaddendsred at a
image of the polygon placed in the virtual three-dimensional space as
é’é%‘%tﬁ%%“e& 5?’@6%@%}%‘6 ViBeposttioralottgeanpredetévmihist didotiomected
ight.line, [0055] Further e CPU 101 and the image calculation
(|g(];)()SLcllgebl;sllcl)lrrL jetgﬁéfﬁcge |Sr%n’(i5uggob[])y%rr;;ti()c£§€§ecI}{ar’ér(l:?éﬁi s%??%%% 8[6 various types are
twerdinensional image can be depicted on the frame memory, or
depicted on the surface of each polygon. according to font information _
dedinihg thélshapezofctieuchanagterss{0066] TapaiNGetQMistfan GarReciidgtions
the game device 100 to a computer communication network
AiISratsdPs B4 thedteridendine, ahdeodiprisen el 20mOBASL] saturate
'g/]eoa BASIj—:-V'I;11 rod{#ﬁct used for building a LAN (Local Area Network). an

a aoéonrﬁ’c())dem,og?l SHN (Integrated Services Digital Network) modem, or

a0ARS!. (Asmetec Rigital c%%%{&erp%@@sg}oggm rncon gﬁitir})%rtf%rln an

the Internet by using a telephone line, a cable modern for connecting to
thertrternet byndsiing.absablé teiffvisionhlinepaytoe likerantoarhiedface virtual
unillustrated) for intermediating between these and the 25 CPU 101. _

KRS 74 rRBs il 0 SPR6E e¥in BayHIE 1 LU ieBhVIe s UHIb tatt e adldut frombtain a

the, DVD-ROM into an analog audio signal, and outputs the signal from a
ST o ) Tetan s ANE da e S Pot e rom
CRiAiRe audio,Pua6ESHNG HBILIA0-aRRATARE R Slieffs and

music data to be sounded in the course o
[0055] Further, by the CPU 101 and the image calculation processor working in

cooperation, a character string as a two-dimensional image can be depicted on the frame
memory, or depicted on the surface of each polygon, according to font information
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
10BASE-T/100BASE-T product used for building a LAN (Local Area Network), an
analog modem, an ISDN (Integrated Services Digital Network) modem, or an ADSL
(Asymmetric Digital Subscriber Line) modem for connecting to the Internet by using a
telephone line, a cable modem for connecting to the Internet by using a cable television
line, or the like, and an interface (unillustrated) for intermediating between these and the
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
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the game, and outputs the sounds corresponding to the data, from the
speaker. [0058] in a case where the audio data recorded on the

DV1)-ROM is MIDI data the 5 audio processing unit 110 refers to the

music source data included in the data, and converts the MIDI data into

PCM data, Further: in a case where thé3audio data is compressed audio

data of ADPCIvl format, Ogg Vorbis format, etc., the audio processing twit

110 expands the data and converts it into PCM data. By D/A
@ﬁ@'@(ﬁ%@&%rﬁ%{y@mﬂgtme F&Mega&&igt ﬁlxct*l r(r}gn (%O(H’: %ﬁg ?h%} nl% p twceaudio
sampling frequency of the data 10 and outputting the data o the spedker,

ibiscpos$sioleita augpttthes ReMidataasaudios: dQ9P9LAsKEMOM thecourse of
above, the game device 100 may be configured to perform the same

fllncasits ¢ thePROWET0R)dhe RAWMODGB thetlexternalomeiron: 406, the
-ROM  to be loaded on the DVD-ROM drive 108, etc, by using a.
Io\rég%-' apatit§ %%f‘tee?’ﬁﬁrgt’%&‘éd’ﬂ@@féé%ﬂffﬁ%g%thﬁlla\é%ﬁé%.1% [BoEefe the

Eﬁ@iozpiz%@égs ﬁ’&lﬂlﬂ@'?e%@ﬂé*%ﬁé” inqgm Ss%rtll%gac ié:&;S tlrl%jccft g of Ghe data, and

display according to one embodiment of the present invention. The
faltowingiexplanatior.witohegivenwithrgigeence fodhis diggram. 9064 1data is
The display 201 according to the present embodiment comprises a
projeEting thAt26Re ah SBRINhG Uit 208; Snda displaly ¢init BO4ud0 processing
OOGﬂbiurther the following areas are secured in a storage unit 205

u

Bttt BY 18 RANA 103, W 2) ArBbj8Ertordie dhedYér SRiriig/Analoe)
shaneaanddedie farmation ol peisciaRiaced A VIal of the data

f1
three-dimensional space, w er or not to ansparer?%l%i}nr(}:-g orﬁf%lgpsc,ytypes

ahassqeiationikelveenmepcand. FanRABACK @%g!@ﬁh@tﬁﬁ‘ﬁ genetal s,
three-dimensional graphics technique can be used for shapes (vertexes

dfiriihg théshapes) thoohdiratés girortrobpoiitssydie asafpenténppinform the
etc.) and texture information of the obf"ects. According to the present

SHISUFE BHOTdHe! 1dretBraMok Bat sbjeceh owRBHHEP ShHBRB-ROM
HROSRARAL N ORIRAY ROAAMDE Rlasroelation betneen area and. ) o g
transparency degree (a parameter or the like that defiss aesodiationy hsorae
degaseuuhere HAR! disk, etc.

[0060] FIG. 2 is an exemplary diagram showing a schematic structure of a display
according to one embodiment of the present invention. The following explanation will
be given with reference to this diagram.

[0061] The display 201 according to the present embodiment comprises a projecting
unit 202, an obtaining unit 203, and a display unit 204.

[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
three-dimensional 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



object is to be transparented. (b) A buffer area for storing a bit map image
made up of an assembly of 5 pixels. This is a temporary storage area for
obtaining the area over which it is assumed that an object is displayed.
(c) A VRAM (Video RAM) area for storing bit map images to be displayed
on the screen. The image processing Udit 107 periodically transfers
images to the monitor screen at a cycle determined by a vertical
synchronization interrupt, based on the 10 information stored in the
\ireiaiea 006351, 3 s alayehar showing the low ol comrol of 8, . o
displaying process performed by the display 96 accordlng {0 the preséjﬁ‘t
embodimentddhe:follpwingexplanation will heigiverwithisference io Mise e
diagram. [0064] First, in the display 201, the display unit 204 repeats the
poedsses ot stappar$18301 to step S305 for each of those (transparency
objects). among the objects stored in the storage unit 205, for which a
message tg%t)nég\l SOl tAERifRS OB trarparantEters ﬁé@édlp’l'lﬁ%lﬁll??wféﬁbly of
5 qJ It 2 hether or not processes have been clone for a
R enrancy o R B RSB Smea
transpangsey Oijesiyégtop 5302) in a case where processes have not be
done for the all (step 5301; No). 20 [0065] Then. the buffer area secured
in the RAMQ08 Eiily! alidtedRnitV aarcapprotriate thackgraungkcotose displayed
step S303). For example, in a case where a color displayed on the

B E'ERpressid 1B§f‘%elgrfﬁﬁ?§§8?6r‘_iﬁi9vﬁﬁ7h Péﬁ%iﬁ_f vaHangfeenimpges to the
%%ﬁﬂt@?§i94%%da?ab%§§ie2£%§§§i%f§ i T@%%' jo.gach pixel of the bufte

% t d on tl
area. And 0 to 32767 are used as pixel vaiues! i thi§ Cae iEhy 'opascd on the

10 32668400650:35dta Whichra R highest-order bit is associated is u_sed as
the pixel value. of the background color, pixels that are to be painted

hedallse aniépatie olfiectistosbevprgjebtetitheséanmasi be a displaying process
distinguished from the background color. 15 [00661 '1lhcn, the '
36&#85?&%%%&&?%%&%%9%@1&% Projestsatorthedinitet. arBlee Hypllowing

AnerelAR.ree dReOsipnal ARRNERIe AL (Step 8304). Thus, the
[0064] First, in the display 201, the display unit 204 repeats the processes of step

15 S301 to step S305 for each of those (transparency objects), among the objects stored in
the storage unit 205, for which a message to the effect that it is to be transparented is
stored. That is, the display unit 204 checks whether or not processes have been done for
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 color
displayed on the screen is expressed by a 15-bit color in which red, blue, and green are
cach assigned 5 bits, 2 bytes are assigned to each pixel of the buffer area. And 0 to

32767 arc used as pixel values. In this case, if any of 32768 to 65535 to which a

e}
wh

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.
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101 and the image processing unit 107 function as the projecting unit 202
in cooperation with the RAN 103. where the buffer area constitutes a first
projection plane. 5 [0067] In ordinary three-dimensional graphics
processing, the outer shape of an object placed in a virtual
three-dimensional space (in case of anisbject having a transparent
portion, the outer shape includes the inner portion of the object that can
be seen through the transparent portion) is displayed on a
twesdimensignal se , ce, cthree-dimensional coordinates are -
rwf)?j(gegcl'ted jﬁ%@ﬁ:ﬁ%ﬁ%rgﬁa gcgé:n |%1§It(énss%%} VarioUd th tehnigliss Qudke buffer
ascparaliel projeetion;ceneRaint RIoIBEHRNs &ick QQ%%Q@H)@POV%M the CPU
when the transparency object is projected on the buffer area by a
tHreandirensiagraprgraphiesuéchiiduestie pixet vatiesiaf the: Site antdoperation
Wh'cq the object is projected take a value of any of 0 to 32767, provided
tﬁ%lP é’ié%-éibﬁflcb%r Y%F‘)*ﬁ%fet&eféﬁfﬁé BRI OSSP AR ER el srojeletion of

nspare jegt is completed in this.manner, 15 the obtaining 4
‘3%62 3 co%(nggg]ng %u?n%%rﬁ g?%%s(le rslaJZ-é‘é?)feHéigr ggf?rélsi?l% BUffer Sed thatof an
lnajeapixelivalue (\Qfﬁ@ﬁaﬁl@@&mﬁ{smﬁ%ﬂ t%cféxﬁhvé&@sof?’%ﬁs@o}r?ct having a
65535) of the background color, in order to obtain the area over which the
appearancecsfiohe tramgpasercyiobledtdisiprojectaaiisiep b3A5)LTRALISE can be
the CPU 101 functions as the obtaining unit 203 in cooperation with the
FERRATOSE WHE T THEHEA RFHIE clirFRTRIgYS6 pRotesseimsbjértaftercbeing ience,
B I e o ] o 05y darous

On the other hand, In a case where the processes Of St&

10 530hidnave keen parornes fariall thedanspABNeY APIEE!S (R1eBR3%d above.
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Yes), i.e., in a case where the area of every transparency object when
thesnaties tor e displayetion thesgresnl ion26o btiafifee dirthebflawtigeesit@ensional
processes at step 5306 and thereafter. [0070] First, the buffer area is fully
BHIRt WithiidpreditaritingdrsaekdPe g eatoryhierépy kiceldamtiogected take a

ol i R 2505, TARAWL PO SICRSME S
(] X00A4hdihen, she-ohiacss Mlagedh gy r&%&h&%}%ﬂ?&? ianals manner,
space are lined in an

the obtaining unit 203 counts the number of pixels (2-byte areas) in the buffer area, that
have a pixel value (0 to 32767) other than the pixel values (32768 to 65535) of the
background color, in order to obtain the area over which the appearance of the
transparency object is projected (step S305). That is, the CPU 101 functions as the
obtaining unit 203 in cooperation with the RAM 103. When the area of the currently
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.c., in a case
where the area of every transparency object when they are to be displayed on the screen is
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
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order of those that are farther from the viewpoint (step 5307). 'l his is
so-called Z buffer method 5 [0072] Next, the processes of step 8308 to
step 3313 are repeated for the lined objects, in the order of those that are
farther from the viewpoint. That is, whether or not processes have been
done for all the objects is checked (step®308). and the farthest one
among the unprocessed objects is obtained (step 5309) in a case where
the processes have not been done for the all (step 5308; No). 10 [0073]
Then. s sheskedabeer s ohiset s aransRatency obiegt of nat..y
(whether an opaque object) (step 5310).1n a cas€ where th of)j ctis an
aparue objekin(ste§3&0,pNeyd theigisplay unit20dRroiRats the-0RANE:d in an
object on the buffer area by three-dimensional graphic processing with a
cottst whieprisleseforiehdes peguéobjiset ¢typicathys defined oy itexiurdlcd Z buffer
infog)m tion) (step 5311), and the flow returns to step 5308. 15 [0074] On
tﬁlgto?ger hand, in a case of' a transparency object (step 8310; Yes), t_he

W@V UI’IIIN%Qf‘: %%?&&E‘%g@ﬂ%ﬁ) [ene% qgg%r%e %t3lsa%s%g Cég{[&p P’(\)I}tqhe lined
the area. which has been obtained at step SSbg for that tran}%parency
objects(stepbdlid) olt dsocesirable rihatihisasaeciationils. madein SWERR: or not
manner as to raise the transparency degree as the area is larger. 20
[DOPSITheategree dittolr thié tranbpatencyldelgré ésisraiseh).can e farthest one
changed for each transparency object, That is, step-wise association
6‘3%?8%% IO FURRGESS 68@?%% B a‘ﬁ?Félp(éF%FHSér‘?g)\ﬂh?c?f‘saf‘s%&’%t%%ﬁafféﬁﬁs have
igo%gégmpeyfget@%pgtigb%gbﬁo t storage area in the RAM 103. With

reference to this association pattern, the transparency degree can be

10 gbtaiied fromtherareah2sdO07gkThemithenfisplay L2904 Broieci§dheor not
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transparency object onto the buffer area by three-dimensional graphics

prdeskaing apaie tehrmspaivecy déyredrobtained (stehead13Y, theralpaque object
plies the so-called cr blending. Thereafter. the flow returns to step i7
R S I T A
%%Q@Jdﬁﬁé)s%% graphic processing with a color which is set for the opaque object
(typically, defined by texture information) (step $311), and the flow returns to step S308.
[0074] On the other hand, in a case of a transparency object (step S310; Yes), the
display unit 204 obtains the transparency degree that is associated with the area, which
has been obtained at step S305 for that transparency object (step S312). It is desirable
that this association is made in such a manner as to raise the transparency degree as the
area is larger.
[0075] The degree of how the transparency degree is raised can be changed for each
transparency object. That is, step-wise association patterns of various types may be
prepared and which association pattern is to use may be stored in the object Sforage area
in the RAM 103.  With reference to this association pattern, the transparency degree can
be obtained from the area.
10076] Then, the display unit 204 projects the transparency object onto the buffer
area by three-dimensional graphics processing at the transparency degree obtained (step

5313), thereby applies the so-called o blending. Thereafter, the flow returns to step



the image to be displayed is generated in the buffer region by Z buffer

method, three-dimensional Graphics processing. and a blending

technique, a vertical 5 synchronization interrupt is waited for (step 53)14),

and the generated image is transferred to the VRAM area from the buffer
area (step 5315) after an interrupt occurs, then this processes is

terminated. This is the so-called double buffering technique, which is for
preventing flickers in the screen display. The image processing unit 107
performs parallel processing such that the image generated in the VRAM
area is displayed on the 10 screen of the monitor. [0078] In this manner,
tHeCPU 101hfunttioms@ssthehdispbaynunit2@4r inlicoeperption switls 1be; Yes) and
image processing Unit 107 and the RAM 103. [0079] Generally, a
tindparenty Bhjetiiexsd objecteruess kel toeme etouelysto’ theffer method,

viewp intin. theI virtuaﬁ three-dimensional space, while an opaque object is

an object 15 Hat [ 1BLkted AP E AN faf Black frllTHBLidnBGiAtr @  vertical

5 %’ﬁlﬂf@%@%&mﬁt&lﬁ@% tothe Y&?W&j@3 Eﬂlr ﬁ?&a{}'@@%‘%n&l}{t%ﬁ mg%hgtransferred

display 201 displays a state of a car race held in a virtual game space,

thathis Captured:frdrmna vehiclEemountet caneraanthencarsand cobstacles this
are to be the transparency objects, and walls building up the course, ar_1d .
SERTEIGS Shiswine iRdthe Tdistan dee sactrbesbliildilsgay fieser, mdwitainsyhich is for
river, lake. sea. etc. constitute 20 opaque objects [0080] According to the
relant's %%%1”’ e O AG 8 é}él%]t%yare%ﬁreo@a%?i BE(W§S¥?%%53§70VCYf0rn‘S

t
resent émbodiment, opaque o

degies B%@Qs%gléhﬁi@f %:,(gﬁ{ée&ﬂélé/e QPRAGHE AR I5)e %M@%%Paag gf%lﬁyed on the

objects are projected by a blending, with their a value changed according

10 tethe pfojectiontarea. As a result, even in a case where an object comes
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too closely to the viewpoint and 25 occupies a large area of the screen to

hitiéthe othethsofaetactt 89po8siIaltunrikesthe lettiémibjewis He seenoperation
L SRy s e g dor of et
t[r@r@@']di_me@@&pﬁlyl;% &ﬂ%@lr&gg}o §g]je£ Il(s;ardf (’%}gc]c: {ﬁBat ?s SI&%W Itgecosr%act% osely to
of the display in a case where the present

the viewpoint in the virtual three-dimensional space, while an opaque object is an object
that is located at a very far place from the viewpoint or unlikely to come closely to the
viewpoint. For example, given that the display 201 displays a state of a car race held in
a virtual game space, that is captured from a vehicle-mounted camera, other cars and
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
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 ¢ value changed according to the projection area.
As a result, even in a case where an object comes too closely to the viewpoint and
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
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invention is applied to a car race game. In these diagrams, another car

711 is displayed on a screen 701, and the transparency object is this car

711. The window frames, the 5 steering wheel, the meters, etc. of the

user's car are opaque objects, and not to be transparented. [0082] In FIG.

4. the car 71.1 is displayed transparentl$ to let the background show. In

FIG. 5, the car 711 in the screen 701 is displayed clearly so as to conceal

the background. On one hand, this is because the area over which the

GRLc(11 is projected is 10 different, In a case where it is projected Iar.gely

as in FIG. 4, the transparency degree becomes high. Because of this, no

goeat part ofithel caurseds hiddenhehinestheigariidlay and LQ@@%_@%]@ Bresent

road surface becomes recognizable by the player. In a case where it is

PRBfEERUISRPSAal Sizerasdn IG5, ithél@ﬁartép,amnmadﬁgmefds”/]mvis displayed

opaque). In this case, since most of the state of the road surface is

N St g8 i S e A Hat oS e ABBQHBIow rames, the

disaiRynghie sar riddransparenily, and I 19 Iy displaved 0. e BOMDAL,

manner. [00831 Further. according to the present em |meJnt, thé egree

ofatranaspasenting (association between area and transparency degree)

can be changed for each transparency object, which makes it possible to,

ﬂ@to%?(bmpl@, EHowt tHleestate bf thdivitayall 20uthreesdimenstorial B@i}}gﬁbund show.
riately to the user according to the degree of importance of the

zlgj%rg s, ntikgeo&ﬁ%gﬂll2“[’083?4]5%8%@&g‘ftodﬁﬁél%@vél-ﬁékycﬁﬁe@ to conceal the

SRRERIMENt GIANSRACIG AUEELS FRIRAT ALANDAR MADS A0 I8Ged is

projection area of the transparency object Is obtaine ased on

diffeher.of pixetsstheneot Accordingdo thecpresent ermbadiment,thgency degree

projection area of the transparency object will be obtained by using the

ceptaitrated of Reaties! pbihts, sughaparenbitess@teedf thiddranspatehe)tar 711,

object. 19 [OP' 51. As disclosed in 11atent Literature 1], there is a method 3

5 %Eﬁ%ﬁﬁfﬁiﬂgﬁéﬁ Kl siorase RiedRcE Bis eI Fp kobs e My & spheteasadhhere it

'i%ﬁ%j&'t@%%@ﬂﬁi%@i@%@ W fﬂjﬁg’l 5, the transparency degree is low (opaque). In this

case, since most of the state of the road surface is shown to the player, it is considered
that there is little need of displaying the car 711 transparently, and it is thus displayed in
the normal manner.

[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
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
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.



include the objects and determining whether the objects will collide based
on whether the sphere and the rectangular parallelepiped will collide, to
reduce the amount of calculation. 5 The present embodiment is based on
an idea similar to this. [0086] Thai is, control points corresponding to the
shape of a transparency object are assigned beforehand. Typically, it is
advisable to use the vertexes of the smallest rectangular parallelepiped,
pyramid, or rectangular column that includes the transparency object, or
Ros, arranged; gl%&’%@ %H”f%%n‘?fﬂﬂ%;ﬁm%”?ﬁt ﬁﬁl?ce s tcb%ét i !lfd(?FS ¢ hteem]ilglin a
transparency object as the control points. However, this is Aot thé onﬁy 8
cagies {0087 itis dgsirabie donlimitihe nymber.al contiah PRt 428 5N which
degree, in order to facilitate the process to be described below.
ARCEFgiHyly biesifiee deifenhtied Woititerdhe skiectediBuchiihabihel shapie:ther the
of }h‘e‘t,ra sparenc o@eqt_can be expressed approximately. For example,
iths PoSEbIEtE EXPrESE RBY'S tRARGOTAT BYNAIFiA0 19HCe Bhis ARasiee shdulation.
5 SEMERAIGIBESSIS FRaited In theprogess for ghanging the
transparency degree depending on the projection area of the
tfav&garenahabjectnaodRpREEMD Malues @f@sﬁ%@@?@t&%@ﬂﬁ%cy object are
cases. [00881 Then, to which coordinates on the screen the control points
arelge brojebiad. by wredldiniesiohatanapticssprdeessingis ctfettkednallest
and some or all of fté%%ontrol points 20 that are projected arc connected

{6 THAKE & CORVECBB/odN e BriveR eI SR HR sitrir dseli transparency

\éﬁﬁk%{e%ﬁtpﬁlﬁt@%ﬁlg%ﬂ Q)(?lin{ﬁquﬁ%c%ogy(ﬂlgosi;ntsﬂgsqc irSlCLLé(r?ie H;z% includes the

projected points of the control points in its interior. In a case where the

10 objegtisnexpressed by avtiangulas pyramicvdhesonves aRI¥gRnyll be a
triangle or a quadrangle. [0089] Then, the area of the convex polygon is

db&iNed frémstivesiekiexes!immidtthisisderusedasdheaneatovecwhiehdhgee, in
transparency object is to be projected on the. first projection plane..

b WAL 5 S e BFABRAEE oA GHEASBlaf Ardbjsati control
o e R Ahts i exprsse
apjeckimaking irpossibleitosimplityyiand spsed it by a triangular pyramid. This

15 1s because not so much strictness is required in the process for changing the transparency
degree depending on the projection area of the transparency object, and approximate
values are sufficient in many cases.

[0088] Then, to which coordinates on the screen the control points are to be projected
by three-dimensional graphics 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, ot 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 projecied on the first

projection plane.

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



10

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 5 points. [0091] The present application

claims priority based on Japanese Patent Application No 2004-140693,

the content of which is incorporated he#in in its entirety. Industrial
Applicability [0092] As explained above, according to the present

invention, it is possible to 10 provide a display and a displaying method
suitpbledor showingiapdsiual thregidinensional SRaceIR, R BSEVERI: in the
an easy-to-understand manner by three-dimensional graphics display
evernimascBsewhererthe @ncacdcbupisddoynark ohjechdmsithesarieeniis and speed
large such as in a case where an object placed in the virtual
tHEE-BIRTENSioh A SpadR CHRStooPIIESENL i thenakuvpeint etcard cloud, liquid,

O B Ry L e R R s e oo
fRalizing a racing game or an action game in a came device, and to
virtual reality techniques for providing virtual experiences of various types.
[PLIDYD WIS EreGind HuiSi Avdis playsneqmprisings s projeptingdinithal pplication
rojects, onto ! first projection plane, composed of a bitmap image area
RoL8HIKEIOTaINBS iepresehich risetemiing dbeiskgrsuriticdlor, an
appearance of each object toIb r§nq%edltr%1§ at nt (hereinafter refer d
to as r nsparent object’), among objectsBlaced in a virtual
[bO@fQ}d.'meﬂ§'@§3ﬁilaﬁ%c%%,o£’5§6?m9guwtﬁ@%?&@@%@&]ﬂ%? ﬁ”&hésofég%}e to
projection plane over which the appearance of each transparent Obj ctis
projétted: basgdhpn andurmbeisPitrpapmaresas wuhase pixel ¥alwas@l a  virtual
different from the nn representing; the predetermined bad, ground color

Sier ! tRsprgahitiPee dikplals aPiaige deneratsashyprotsetingg omeraer by

ﬁlergg—ggmensional graphics display even in a case where the area occupied by an object in
the screen is large such as in a case where an object placed in the virtual
three-dimensional space comes too closely to the viewpoint, etc., a computer-readable
information recording medium storing a program for realizing these on a computer, and
the program, 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 all objecL to be rendered opaqu

(hereinafter referred to as "opaque object). among the objects placed in

the virtual space, and projecting the appear to ce of 'each transparent

object on the second projection plan L g transparency degree | GYOLWISE
prc-associated with the obtained area. 121 The display according O SEYISE
I. wherein the transparency degree is pre-associated with the area such

that the higher the transparency degrcc is, the large!- the obtained area is

in the display unit. 3] The display aceértlifgto claim | or wherein for each
transparent object. ar. association between an area and a transparency

degree i3, predefined,and the display unit obtans, for each transparent
object. Etrans@pa'rencx ree o rrent objet; based on the

3 are d%%% e of the Lranspafﬁ 7 ‘ ed o of s
predefinéd 2856 8Tati6R batNed N SR ardd Arid 'd Tranelsatiticy dayreanagsd of a
EeHEY ForadiSptay dree mied! inedldisplay tevioe nolediimgra projecting it color,
am abtaining unit anchacdisplay unit rthednethod gareprisingherstepsifed v as
pﬁ@dﬁaﬁm&m%}@&nergxkt?&limb%s_gm&@i&fﬁkﬁ’fﬁwﬁ%ﬂ%@%@ﬁ&xsﬁ:&'leso%%g
of a bitmap image area whose pixel values all rep sent a predetermined o
backgrolihd’ %%I‘S%?ga‘rl{lﬁﬁB%ta?g}fﬂgsd%eﬁéﬁ gbjlét tshedRtidraplane over which
trathsparernhefetnaliteranstaviend ishist titanspartnt bbjectds), amonger of bitmap
objectsiplacettin-a vittuat thiee-dimensionalspases ehtain 'ﬁg Y dBemined back
%@B%ﬁ%%l%‘[%n@” area on the first projection plane over whlc_h the
appearai oi{,é ch transparent object is projected: ang cnsplavmj hr_ the ’
display uhft'® %Yn%’&e%‘?%n‘@?ﬁ%@ﬁswl PO tIEY6T BRto S BV Piojcenn @ second
privagrieoappearancershrmobjéctitoticctenderrendpaduepthereinafteratier referred
refarreshhdQ B 1S E iR RS tiepaguaohiact)imamongthe S%Q@Ct(ﬁﬂ Ifi‘n%efgcting the

in the virtual space, and projecting, the .appearance .of eac transparent ;
e RIGHey Bk i rspaency

S5S5E A awRA B SBtRifsP Breachagtegram that causes it computer to

function as: a projecting unit that projects, onto it first projection plane.

qomposed,of it spitmap image arga whose P%ﬁle‘f@i‘%ﬂ%@”&%ﬂ@é&%? degree is
%rl%gaests%ggl’egdw?i%cgl%rgyequgalnn%at the higher the transparency degree is, the larger

the obtained area is in the display unit.

3] The display according to claim 1 or 2, wherein for each transparent object. an
association between an area and a transparency degree is predefined, and the display
unit obtains, for each transparent object, a transparency degree of the transparent object

based on the predefined association between an area and a transparency degree.

14] A method for display executed in a display device including a projecting unit,
an obtaining unit and a display unit, the method comprising the steps of:

projecting, by the projecting unit, onto a first projection plane, composed of a
bitmap image area whose pixel values all represent a predetermined background color,
an appearance of each object to be rendered transparent (hereinafter referred to as
"transparent object"), among objects placed in a virtual three-dimensional space;

obtaining. by the obtaining unit, an area on the first projection plane over
which the appearance of each transparent object is projected; and

displaying. by the display unit. an image generated by projecting. onto a second

projection plane, an appearance of an object to be rendered opaque (hereinafter referred



an appearance of each object to he rendered transparent (hereinafter
referred to as transparent object."), among objects placed in a virtual
three-dimensional space; an obtaining unit that obtains an area on the first
projection plane over which the appearance of each transparent.bbjéetissE
projected based on a number of bitmay areas whose pixel values are
different from the one representing the predetermined back ground color;
and a display unit (204) that displays an image generated by projecting

L@qto‘@pﬁ g%@{@;%%&p@@p% R apPearanGs. 0&%3%@%&%& siob

& t} [
opagye hereina te erre to as opaque object”); amoﬂmlthmm *
ag Lé% g“lgce r tt’ﬁmsﬁ?fﬁ% pace, and projed |H1g)’tﬁé IppEHIaAte Hf”é%’éﬁjm‘
%éﬁéﬂ“&%eﬁ*ﬁ%‘bfé@‘ﬁ é‘ﬁ%‘é‘%@b@ﬁ@%?@f@ctlon plane at a transparency

degree pre-associated with the obtained area.

151 A program that causes a computer to function as:

a projecting unit that projects, onto a first projection plane, composed of a
bitmap image area whose pixel values all represent a predetermined background color
an appearance of each object to be rendered trénsparem (hereinafter referred to as
"transparent object”), among objects placed in a virtual three-dimensional space;

an obtaining unit that obtains an area on the first projection plane over which
the appearance of each transparent object is projected based on a number of bitmap
areas whose pixel values are different from the one representing the predetermined back
ground color; and

a display unit (204) that displays an image generated by projecting, onto a
second projection plane, an appearance of an object that is to be rendered opaque
(hereinafter referred to as "opaque object"), among the objects placed in the virtual
space, and projecting the appearance of each transparent object on the second projection

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



