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) DESCWNMWWNI NNHIHOOOZ DI SPLAY, DI SPLAYI NG METHQOD,
' | I NFORVAT, GNNy.RECORDI NG MEDI UM AND  PROGRAM 5

~Technicat—Fretd—{106001] The present invention relates

i to i d a displaying nethod suitable for
; ap;H ’ ﬁ" ﬂ' rocessing display in a case where it is
f ; t hat

|
\
I

~

exp r ee- di mensipppatrIpaeORN ¢cs di spl ay,
a viewgd®ft will collide wth an object, and a
conputer-readable 10 information recordi ng nedi um
storing a programfor realizing these on a conputer,
aDISPLAY, DISPAAYIN AR OW) INPORMAPRA RECORDING MEDIUM, AND
Conventional ly, such techniques have been proposed,
where a plurality of objecpgoaram! aced in a virtual
t hr ee- di nensi onal space, and with el apse of tine in
sthe 15 virtual three-di nensional space taken into
consi deration, these objects are appropriately noved
along with the el apse of t}dMBRnit@ ik vari ous
simul ations and to display, by three-dinmensional

qoe®hi S, THelfResthBinSe@{on 1BRER 9 de%‘giagra"ﬁﬁ a@%@éﬂﬁéjmfeﬂxgﬁmtsuitable for

a preédetermned viewpoint along edeterm’ned si
- La]pplg)ﬁrigté[}f PREessig W plAGRY &k@%ﬂ@{eqt RleRPedddd0 3 F]cgmensional

change the position of the viewpolnt an

YrspMics diitﬂzga, kipn Q'v‘{mﬁ?nttvﬂi‘ﬁ c%ﬁi&%ﬁ??@bﬁ]@&?é%ogﬁ@ﬁ&@readable

i's observed along wi'th the elapse of tineg;

10 lifoRRLEER cordW Madilnh stdtalUfiSropRen Eh@dals &e on a computer, and

vi ewpoi nt on any of the objects and sets the sight
lthé'Brog/in@ng whi ch the three-di mensional space is
observed in a direction in which the set object

nmoves, or one that sets sygRigoahdAlt |1 ne by the very
sight line of the set object. [0003] In such

qooogat | %veﬁt‘ioﬂaﬁy,%@ﬁWu&@h@@%@é@ﬁfopb%, where a pluralify of
collisions between the 25 objects. The l[iterature

igg iciﬁs?%rﬁ glabéﬁ v dita sl iRl iRehSoriaN ssHee, aMAiveith H8HRUrSintk in the

15 virtual three-dimensional space taken into consideration, these objects are appropgiatcly
mo;/ed along with the elapse of time to try various simulatiori_s and to display, by “ T
three-dimensional graphics, the state df these objects as obse'rved. froﬁm a predcfe_rmined
viewpoint along a ;;redeterrrlined sight line. F urther, such techrﬁques are also probosed,

~ which change the position of t—he vi_eprint and the sight line along Wthh the -

20 three-dimensional space is observed along with the elapse of time, and such techniques
fypically include one that sets a viewpoint on any of the objects and sets the sight line
along which the three-dimensional spéce 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] In such simulations, it is necessary to consider the collisions between the
25 objects. The literature indicated below disclos.es a technique which detects a collision

between characters in a three-dimensional game, in real time.

Patent Literature 1: Unexamined J apanese Patent Application KOKAI



-

bet ween characters in a three-di nensional gane, in
real tinme. Patent Literature 1: Unexam ned Japanese
Pat ent Application KOKAl 2 Publication No.
H11- 197357. [0004] Cbnventlonally, in screen display
for such a collision, it has been consi dered
necessary to perforn1processes inreal time, by

- synchroni zing the elapse of tine in the virtua

tHibieattinTen I onad73space and the el apse of tine in the
real; world. 5 [0005] However, particularly, in a case

vpbeozq t heCshap@snat, fhrsereebugﬁra? f&rﬁcﬁﬁrcbﬁﬂloﬂr it ha$'BE considered
are a |l arge nunber of obj ects, the calcul ati ons becone

GREFsArgab gérf@ﬂﬁpl%@é’sfs%sreélftlmd 'B? sordnestliAhb ARl gRe %f filne in the
in accurately detecting the collision and accurately

GattGdl ltire & dnd 3R nalSPAETRIY the @fapsd’@f t2hE LS rél. wohg. ti me

of collision, and thus such cal cul ati ons have been

5voo63jal | YHowWPRs Pakidildrly, SPBasE ¥3ese thd Qha{pQQQ@l]he OBjekRire var1ed or
ot her hand, if ‘the col I'i sion detection and

Qhére afe HlafRVRIEIE O SjedthQhe Edlé@atﬂfns%edﬂms b&ﬂpl‘i’da?ed and enormous if
cal cul at ed approxi nately, a so-called "polygon -

Thé &dl\atios cBkist 1@5&&?%&@%&&9&@%QbHlsﬁintdﬁﬁtab&ﬁat@f)pdalculatmg the
exanpl e, the viewpoint entering the inside of an

R REtentsFthd16bj8Qs Bahé ﬁi’i'ie o?t(:S}h)sm‘ﬂC&er tﬁu@ﬁﬁhtcgﬁulano?s have been
di spl ayed scr een m ght be unnatural.. D sclosure o

I liRpodsPbIPE PRI e 4585 be Sol ved by the I nvention .
[ 0007] Hence, such a technique is demanded, which

10 PE0APT | abheihd ofie® RERE E5the SN deflctibignd ﬂh%bfet:t §’H1‘6|§}e1ﬁents at the
collision, and notifies the collision to the user -

diine EYlisidir 418 @ﬂ%ﬁlﬁﬁﬂ@pﬁﬁﬁﬁﬁ&tely[ Y Q&Qllle-ﬁh%o?{ggﬁ ‘fﬂﬁsmg oran .
i nvention was nade to Sol ve thé above-desc

REBHRE mPOEi R sinAbloR Plof et ardile HhE RS ER Ent'eﬁﬂg Hel 1H§1de §f an object

to provide a display and a di splayi ng nethod suitab

thaving aphiolipw] &t §bycups EEHSidiglaled Bérddh infkhd be aﬁ@atmer e .
it is expected, in three-dinmensional graphics display,

that a viewpoint will cDistlosiee O tveafioPb]j ect, and a
conmput er -readabl e i nformation recording medium

15storing a programpeblerfdlbeNonedidyane ikenort ONPUt er, -
and the program 25 Means for Solving the Problem- .
[0007] Hence, such a techmque is demanded which approprlately processes display
at the time of such a collision, and notifies the collision to the user in an
easy-to-understand manner.
[0008] The present invention was made to solve the abOve-described preblem, e.nd an

20 object of the present invention is to provide a display and a displaying niethod suifable for
appropriately processing display in a case where it is expected, in thre'e-dimensi'onal
grapﬁics display, that a viewpoint will collide with an object, and a compdter-readable
information recording medium storing a program for realizing these on a computer, and
the program.

25 _ - Means for Solving the Problem

[0009] To achieve the above object, the following invention will be disclosed

according to the principle of the present invention. .



[ 0009] To achi eve the above object, the follow ng
invention will be disclosed according to the
principle of the present invention. 3 [0010] A
di splay according to a first aspect of the present
i nvention conprises a storage unit, an associating
unit, a noving unit, a display unit, and a
determination unit, which are configured as foll ows.
[[0010]] Thatdispfy dcberdsigdo adestaspéct sf thiegseseavindemmnasmptises a
an object and a viewpoint 5 arranged in a virtual
tstorege whifyan sswoRking pait,c maviagghit, 4 display @aitoind a determination unit,
representing a sight line along which the virtual
tviiiele axti coafigured ak fdjoase i s observed fromthe
vi ewpoi nt, and velocity vectors representing
Vé0bldi t i €Bhaais, Wi stdragdnenitdipres toardthateh @f vh ebjeot and avdgepoint
in the virtual three-dinensional space. [0012] -

5 Bypngad inya vittha threetdimbnsi@laligsacefa difledmewattoe epagsenting a sight line
recorded on a recording 10 nmedi um such as a DVD- ROM
(aldrgy whikch Yer wethiall tereBidsdierdadh! Specy iMbzerved froat the vieswisbint, and
t hese val ues are copied into a RAM ( Random Access
Metozity vectorsarepeweritingveocities at whith thewstsectnnd Ardviewpsiat move in the
val ues are updated where necessary, as will be _
désad] ithreedira¢sional $§fa064.3] Meanwhi | e, the associ ati ng
unit associates a' time (hereinafter referred to as
"[00T12]ual Typielly, ihe ihifiel wludswithdsh v alaedirseedirdedaln Sizacding
with a time (hereinafter referred to 15 as "real

10 trhetdttish such as & BAID-ROM @Didité Versatizdbisp Reae OatynMiegdry), etc., and
updat e period. [0014] Where the update period is a
cthess tvahies urel dopied;intopdRA MR dndogiofiecesssMetnot yhHAr @WBefigible recordmg
"-" means substitution or val ue update), and the
assiiehat Aed thaewekias afehpdated wHerefeckssand a el bé désddbed later.
time uis nost sinply like 20 u=t+C by using a
domsx]ant Mednyehilg, therastduiaging asi asidemtestatime @erdihafter referred to as
virtual three-dinmensional space wll be displayed in
r‘eatual time?’) iAcbovidiuabthtee-dimengiors apdceiwiteatimer(hertimafer referred to
association is changed, as will be described |ater.

15 [a90tea] tifaat ) inarrealtvnerldhondeny eachi ireddi¢raiinad walate peviod. of
the object and the viewpoint and 25 a sight line |
dberyg whi Wherehbe updatapdrickdiis e eonkitare value g lupd ptirgsis idene as .
observed fromthe

t« t+A

(where “«-” means substitution or Qalué update), and the association between

the real time t and the virtual time u is most simply like

20 u=t+C
by using a constant value C. In this case, the state of the virtual three-dimensional space
wi_ll be displayed in real time. According to the present invention, this association is

~ changed, as will be described later.

[0015] Further, the moving unit obtains positions of the object and the viewpoint and

25 asight line along which the virtual three-dimensional space is obséwed from the
yiewpoin’t in the virtual three-dimensional space at the associated virtual time, and

updates the coordinates of the object and the viewpoint, and the sight line vector stored in



- -

viewpoint in the virtual three-dinensional space at
the associated virtual tinme, and wupdates the

coordi nates of the object and the viewpoint, and the
sight line vector stored in 4  he storage unit.
[0016] Note that one of the viewpoint and the object
may be stationary and the other nay be stationary.
For exanple, in a case where the present display is
appltoRgetu@ita racing gane, it is possible to nmake a
vehi cl e obj ect, which noves together with the 5

V0@V 0i NINOtEBYAR oh&lof e vidwidi!anll sy Héﬂt %@%e‘%%ﬂon%@%ﬁ the other
along with the el apse of the wvirtual ting,

TR BsthtishafyPados 'éf(irﬁﬁl‘é R wed ﬁfhextehﬁ‘e fﬁ%gl%n@ H%gfa&“?sc' eﬁﬂféd to a

obj'ects such as ding, a wall,

Rhafggarny, it ﬁ%o'éﬁ@l@ t& Hfak@ﬁ%e&kﬁ%_]ryk IVL’HJCPl Hlo%’setoﬁét%ﬂj@ith the

t hr ee- di nmensi onal space 0017 pically, I nformtion

5 SHGKpASt, HRNVO S th¥ Vel tlrSe-dRh&hsionkl s%ﬁ@e 28h G th 3e1d e of the

vi ewpoi nt, and information representing varlous

G/arteH] kinRNWhAE ntRI thekdid sBffabd\éh RRIcRGhe AlMgkle \r’]llrﬁ Q'OB}ects such as

(for exanple, a gravity is applied, an exter orce

laSouiaR]gl & Mvalll 8 Vthal Be blae&ﬁén tHe QO Hﬁfac@ 8n & SN RTE thP Sirtual

separated, efc.) are also stored in the storage unit,
Qgegmﬁheﬁﬁghalﬁgggleratlon may be obtained fromthe
vari ous conditions of constraints on the object, the

vedeqi ty ThYcahg, 1%rﬁiaﬂﬁﬁi st‘icrhoiyv%fb%lt Qf@&?ﬁréﬂ: | Fihe G8)8ct and

the positi'on may be obtained f ron1 e velocity.
10 [Wlnt-rﬁkﬁi ﬁk&ﬁﬁﬁoﬁ’ﬁ'eﬁés@ﬁtlﬁ%‘v&nﬁs ¥bhditidhs of constramt guth the object and

hr ee- dl nmensi onal space I n case Is obtal ne

. tvli@vﬁihrfltf(%r%ﬂﬁﬁpféeﬁ VR {5 plied, téhaéxtédlﬂffofée Wy, t;ﬁheﬂ Sthey are linked

currently associ atéd, and the virtual time

ASSMr ahe Gadmgb,&{aﬁitéﬁ kefHor€alsh Eto?edQﬁﬁﬁe é’%@:%%@ uhil&o that the
real time and the V|rtual time go through the sane

Qh@ﬁl’ér@tl@Smdfbé bbRAAR IR the Yalibls EiditRIN8RE BoristratrEon AR object, the
constant value A [0019] In this manner, the position

velokitPmayhe obliife frorh ige RREletdtiOR, fidthe ?651ﬁ$}€ma¥] be obtained from
vi ewpoi nf, and the sight line vector d in

15\md¢ﬂ@ﬁqxhree di mensi onal space at the virtual tinme u
associated with the current time t are obtained, and

(DB} ar THeTeldpkEBt i B the VR BhrEE RAGRIARLDASS il ] case is
storage unit. 25 [0020] ‘Then, the display unit :

d)lbﬁili)ﬂegya% thOdERrdnbe BaGRed R xﬁft@cﬂ g MWARY iy PRy aséoc1ated and
ICt)l(;:‘er \Illgtual time that was associated immediately before. In a case where the real time
and the virtual time go through the same elapse as described above, this difference is the
20 constant value A.
[0019] In this manner, the position r(u) of the object, the position c(u) of the -
viewpoint, aﬁd the 'sight line vector d(u) in the virtual three-dimensional space'at the
virtual time u associated with the current time t are obtained, and these are written into a
predetermined area of the storage unit.
25 [0020]  Then, the display unit displays, once in each the predetermined update period,

an image representing a state of the object as observed from the viewpoint along a

direction of the sight line vector in the virtual three-dimensional space at the associated



an image representing a state of the object as
observed fromthe viewpoint along a direction of the
sight line vector in the virtual three-di nensiona
space at the associated 5 virtqal tinme. [0021]
Typically, the update period Ais the vertica
synchroni zation period (for exanple, about 1/60
second in case of an ordinary television set) of the
sdrteginimdience, when an inage is displayed at each
this update period, the state of the object. is

doepijay edTypicaly, tHeaipagtegRflo@s. i MdWlric SynchRMAlion period (£
Meanwhi | e, ﬂ?henhetefﬁlngflon uni t deterﬁ%nes mhéonp riod (for

Qxaftiple, hbsut i E0MbRY in ABKof iﬂl%r@fﬁbﬂﬁ&le\(}dsidn £0ldrkiiescreen. Hence,

before a threshold period in the virtual
tWiierandhi®Be 3 dfsthyiRaegch @lsapIes pelitg &héstatd!df @KH oH_] % dlsplayed
in the virtual three-dinensional space (hereinafteér

5 tBE k&berd & andPatiMst hi n a virtual threshold period"),
fromthe coordi nates of the viewpoint, the 10

qoozzii natgsaiihileh theQiRt@Minatidf nd d¥RhAfies M/h\!ﬁ@lt &'not the viewpoint
representing a rel ative vel oci ty between

\An@WRObbjEct il coNRledRERE b tlhr@sHo'[kaé’riddtlHQllle v1rtual three-dimensional space
t hr ee- di nensi onal space. [0023] The determ nation here

reapseefide 4 OBreaPlibdeSh ek \hﬁﬁéﬂ@ﬁt@eidlﬁﬁerﬁmrﬁpﬁpﬁce (heremafter referred to
accurately, or mamy use an approxi nating net hod

CHs SGhibsEslvirfial Bads8Hld ﬂehb@"’)afrbhrrﬁhéu:oord{nggg 8F thA%lé%ﬂb%t the

approxi mati ng nethods, in’'a case where the object

10 Hodtdifdiéy of thé K§jedtdarti H\@élbm%r ve%tcﬂlx‘éﬂrgéeﬂﬂng hFelhtfve velocity between

possi ble to use a techni que where a veloCity vector

\the!ViewpSi 88 tHeiobfecid @k dirtaPthy&d- &iﬁiehylohél sBS’Jea' ned,
and thereafter, wth the use of a length P of the

vooiyal tﬂe&&@h%z@i%ﬁ'h@ﬂa mh&hedk LRGSR p&@v@@‘?@le %bj ects
vector Pv(u) and a vector r(u)-c(u) representing t

@ucuraely, bemay vy ap asprbkiaiing hithiid Rndblded %Q[P*a%v\ﬁﬁ&ature 1].
both the parties is within a predeterm ned range.

[00228] Fusd seder appheximasNe mdthotls] ikl AichseASIRE klfét&?ec@isasl@ﬁﬁmary like
of the virtual time with elapse of the real tine such

15 tahadll dieelui ENRE WY 18 PbEseblvitd tisctptebhrditekhdtB hivklobRY Qé&oﬂ &(u)
is determned that the viewpoint and the object w-

eopreseneinga rélafivd ViBodltyl ik BBlaideld! 87iALEaR! WRH thead 025 length Pof
associ ates them such that the el apse of the virtual .

ttheeirtusl thtegi6ld pekad, thb @ifRkéRs Beechhe real
a vector Pv(u) and
a vector r(u)-c(u) representing the current relative positional relationshib
20 between both the parties |
is within a predetermined range.
[0025] Further, the associating unit associates élapse of the virtual time with elapse
of the real time such that they synchronize with each other until before it is determined
that the viewpoint and the object will collide within the virtual threshold period, and
25 associates them such that the elapse of the virtual time is slower than the elapse of the real
time after it is 'determined that a collision will occur. |

[0026] That is, in a case where it is turned out that the viewpoint and the object will



D)

time after it is determined that a collision wll
occur. [0026] That is, in a case where it is . turned
out that the viewpoint and the object will 6 collide
in future within the virtual threshold period, the
associ ation by the associating unit is changed. For
exanpl e, before it is turned out that a collision wll
occur, they are updated ast F- t+A; 5 u4-u+tAto

rRklRlean fasforitahicvinbhichresRdll LGS the £s‘§$é§£tiic9ﬂfﬂh;9 asddciating unit
= t+C, while after it 1s turned out that a colli sion

Wk Lhan@EQ UT ForleR@MpRY BefdRAR]sGHRE ouf thaf a Edtfision Will occt ey are
by using a constanf value B (B<A). The associ ation
hpuyegrsthe real tinme t and the wvirtual time uis

~made by such updating. [0027] Due to this, after it is

turned oyt that a collision will occur, the ani mation
di splay on the screen.seemas if it were reproduced in

s5slow notipn wnkil the collision 15 actually occurs.

[0028] According to the present invention, it is
ROBRAE f aldcAAbA WhidhQatibiesUSElatibAdip | t 1S  determ ned
t hat theavigmpo?ntl%ﬁ FP cg%ﬁﬁgg ﬁ?% the object in
future, Qy-gl®@wW ng down the elapse of tinme in the
virtual threefdinens!onal_space and maki ng the screen
GUIR R A fths t&ﬁé?i\%l.gma't QRofMis RV 0cel, h‘g:g%?é u;{)zdéﬁetdrh%r 1N
the display according to the present 1 nvention, the
storage ynit amay further store a normal vect.or which
is orthogonal to an external surface of the object,

jpand in a,casg.yhere the object is stationary in the

15

20

25

virtual three-dinmensional space, the determ nation

Wi By c ALY FineR (Bak) ¢ h?hé’és“s‘img%&ﬂ bﬁg?ed‘f {e réla‘i’igﬁ{%.tt and the

wll collide wthin'the  virtua reshol'd perrod, in
a,i&m%mfsenﬁem%@hwaﬁﬂgby the viewpoint within the

virtual 25 threshold period intersects the object, and
qbodmast oS, fHer 1195 e St GRAAI bR will occur, the animation
display on the screen seem as if it were reproduced in slow motion unti_l..th;e collision
actually occurs.
[0028] According to the present invention, it is possible to notify fo ﬂ1e user_'th_at itis
determined that the viewpoint will collide with the object in future, by. slowing-déwﬂ —fhe
elapse of time in the virtual three-dimensional space and making the screen display in
slow motion display.
[0029] Further, in the display according to the present invention, the storage unit
may further store a normal vector which is orthogonal to an external surface of the object,
and in a case where the object is stationary in the virtual three-dimensional space, the
determination unit may determine that the viewpoint and the object will collide within the
virtual threshold period, in .a case where a route taken by the viewpoint within the virtual |
threshold period intersects the object, and at least any one of following conditions

(a) an angle formed by the normal vector and the sight line vector is included

in a predetermined first range,



5

10

15

20

25

(a) an angle forned by the normal vector and the sight
line vector is included in a predeterm ned first
range, 7 (b) an angle fornmed by the sight line vector
and the velocity vector is incguded in a
predet erm ned second range, and (c) an angle fornmed by
the velocity vector and the normal vector is included
in a predetermned third range 5 is satisfied. [0030]
't is pos®)bh endlefiRfel By tRhgltafien@etoP Bl heQBJChE vector is included
conbi nations of the conditions (a), (b), and (c). For
aXafeédterinined 685 rah@s, and he angl e formed by the sight
line vector and the normal vector is close to 180

degrees auylan Bngle CaGdBIEe vtet&it?ivg&br khd e dRMBDPVec@itds included
the velocity vector are in alnost the sanme direction

(ih A@rédkdiREnANBI @ rdngeCl 0se 10 to 0 degree), this.
corresponds to a situation that the viewpoint (or

apedtheed obj ect on which the viewpoint is set) and the
object are to have a head-on collision. [0031]

Aoe301di Ngt spdsdiBleltb @ﬁ%[ﬂfy dn\REkdOshe AW 1R &?ﬁﬂihﬁiﬁﬁ@ of the

occurs is predicted ef or éhand by providing such:

Q@ﬂ@i&ﬁ)h@(b?,o(@ﬁ 26890 | PBHePIE in 8 Rad\Bherb the Y1 ¥Brmed by the sight

possi bl e appropriately, select whether to perform

SireWebRE h@DNthe @RBFRUCEIP TS Qbseltd 180 Q¥5RAVMHINE atase where the sight line
collision occurs in the nornal reproduction, according

tRclob BnditRdlefdcitPRectbPB3 2 alflst R samb Rirk&ifonditRMofed angle is close
according to the present invention, the display unit

T8Y dERR), ais thRePORIUG i tuFRGLhaNHe 3iNRAR (& dHolRf object on which
noving i mage or a predetermned still “i mage by

GhOehpEind s det)al tf §téctiate fohadEh BESH-BREOISBh. @
collision wll occur. '[0033] For exanple, crossfading

woddja f U&écop:!iﬂ%{% ey l’éseriltqﬁ%ti%,l ﬂqv@@k.@lli@i@n Bk Rt ptedicted
20 di splay which conbi nes sl ow notion and bl ackout,

Wefdrehantl 03 pravliing sukh Sordlitidslas WBickiBed Bbdve, §0MaISt Wa Ibe possible to
make an ani mation di splay which conbi nes sl ow notion

approphibieBOstlect whkther tot feafdrhRiocw-niotion rés&uctiBe betd IMdw how the
object is broken, gas or liquid is blown out fromthe

@bJ1B{dn. ocolirstif eheakir@al reBrdALOEHS a¥RMink REtHe PrédistidA
occurs, crossfading with an animation inmage show ng

be323t at Fuefhet, L8R diRVasbe ORI ONHaRe prBed: @3tion, the display unit
CGenerally, in a case where a collision is determ'-ne_dp-~ g
apgy dixplapitelprodi@Bd image and a predetermined moving image or a predetermined -
still image by crossfading them, after it is determined that a cblliaidn wil_l occur |
10033] For example, crossfading with a full black still image will make an anirﬁation
display which combines slow motion and blackout, while crossfading with a full white
sill image will make an animation display which combines slow motion and whiteout.
Other than this, in a case where the object is broken, gas or liquid is blown out from the
object, or the object explodes when the collision occurs, crossfading with an animation
image showing the state of these rﬁay be employed.

[0034] Generall'y, in a case where a colliéion is determined approximately, an

irregular display such as polygon missing, etc. occurs when the viewpoint becomes close

to an object.



i rregul ar display such as polygon mssing, etc. occurs
when the vi ewpoi nt becones close to an object. 8

[ 0035] According to the present invention, even in a
situation where such an irregy ar display will highly
probably occur, it is possible to make the user stay
unaware of such an irregular situation, by snoothly
shifting the screen display to bl ackout, whiteout,

qy019si oM @RtdTRE 'tcpl!he pEdsént; 1antnBH Uéveg 'ix? QtsitlYatlon where such an

conplicating the cal culations. 5 [0036] Further, iIn
tlﬂ@glﬂhxscﬁkﬁlyy A4l gﬂl}nﬁ‘ot)é)ol& BScup rl?ﬁ%ﬂbfé\’c@ Aok "[he L%EP &hy unaware
is determned that a collision wll occur,

Q'J'f SR Hﬁ?hlaﬁ?ﬁ’uaﬁ%ﬁf&fﬁéﬂtﬁlg sﬁﬁftubé’ th'é‘%&‘e@ﬂ d%Blay to blackout
i nterval whi ch i mages to be di splayed are” pioduced

|v9rﬁ%[1t ERABsibhahinbebA r&c ' §v1th§ut l?rc'&l{ﬁgaﬁr{kaﬁle alculations.

lision w Il occur. [0037] Accor ingto the present

{O(‘Yﬁt | ONpurfhier G# tHeltfs ﬁ ﬁtcsr(flﬂ%]i% o P&s&{t%&eﬁﬂ@ﬁj affef it

0O possible to give ef fect hat of a stop

'Hé%érﬂ[heHQhﬁtlﬁecoﬂﬁ&?‘Mlp&cq{' SR @&¥p1dP ik oS tpgff%rm Wi\Blay by making an

colli1sion occurs and notify to the user

‘iﬁﬂewai; hHORhidh luha%l%‘ib’ be Hﬁgﬁ%éd IRIpfodREY ﬁfnger tﬁlgﬁ)ﬁﬁ% béfore it is

di spl aying neth accor g to another aspect o
RleR3RiHed A 8MolIRTon &ANSLAES @ display conprising a

storage unit, an associ ating unit, a nDV|ng unit, a

doePhay A'&'o?dmé‘ﬁfjﬂl@ Q&Eﬁrlm&%h%nééﬂh& gpcﬂ?@tlﬁﬁeq{ gqﬁolonged it is

unit "stores coordi nates of an o Ject an

10 \HoSUPRI1O kivaah @PRE ik tha ofa’stdtAholity REhE hATRILA ﬂ%fay until before

space, a sight line vector representing a sight

hOBS1i¥Bh 6&1&?%1&’1’16&%’% tﬂehfs&qhge mﬁﬁlw%l SRR $n & Simple manner.

observed fromthe viéwpol nt and vel ocity vectors

T60583SeNtA QEpMSRGhEthES aé’ctord’m% tlardoiter ABYLELS BB gretsgrﬁ invention

V|emp0|nt move ' in the virtu t hr ee- di mensi onal

TBAESIs a UilA RN BB dnE %Msb@c‘?’cﬁu@nmﬂs§ Bfovael 16, a display
step, a noving step, a displaying step, and

qtteind DddemFhAkon WH. C MR sBore@Ninitis s c&ﬁd%@te@ 8f hiP¥Bject and a
[0039] That is, at the associating step, th

15 38SAsdimtt drggétinta ﬁ&%ﬁ’lcthfgeﬁﬁm@nstlém S dcBes ﬁ?l‘i‘t"’lﬁfeafector representing a
referred toas "virtual tinme") in t e vir

I'%h@ﬁnéi hIGRE W}ﬁ’él?ﬂhe YiaEE ﬂﬁké Hm?ensfoh (1&91”5 %bE@(/&?ﬁom the viewpoint,
erred to as "real tine" |narealp once in

Qa8 ReRCRHE QLA RIBSEsentRE @El%cﬁ% htOfhicR thel &Qéc@]md the viewpoint move in
Meanwhi l e, at the novinhg step, the noving unit obtains

RS tudN®rldifffsional space. The displaying method comprises an associating
step, a moving step, a displaying step, and a determining step, which are éonﬁgufed as

20 follows.
[0039] That is, at the associating step, the associating unit associates a time
(hereinafter referred to as “virtual time”) in the virtual three-dirﬁensional space with a
time (hereinaftef referred to as “real time”) in a real world once in each predetermined
update period.

25 [0040] Meanwhile, at the moving step, the moving unit obtains positions of the

object and the viewpoint and a sight line along which the virtual three-dimensional space

is observed from the viewpoint in the virtual three-dimensional space at the associated



obj ect and the viewpoint and a sight |ine along which

the virtual three-dinensional space is observed from

the viewpoint in the virtual three-di nensional space

at the associated 9 virtual tkpe, and updates the

coordi nates of the object and the viewpoint and the

sight line vector stored in the storage unit. [0041]

Further, at the displaying step, the display unit

Qi 31 3o, ARG tﬁée&fra{ﬂﬁtes HEQI%tO%_] eggﬁdcﬁ[gg rv\?/eg\yo'ﬂ?gtﬁd the sight line

representing a state o e object"as o rom

tREtoY koyeah e Stéragtgﬁg a direction of the sight line

vector 1n the vir t hr ee- di nensi onal space at the

JR0 0ttt e iégRing A0K! Bhe HemRyd 958?2%?‘%?‘%%&“ cach the
SHORASE, Bkl B AR EShr o e i
St% '&’ﬁ'é@ﬁeﬁ'o fh@l i ﬁﬁgv&!t&pﬁqﬁeﬁ NGE e Sk fibnd sPae at the
P sigtt i {"h

In tthe virtua ree-di mensi on space erelnarter

rSi Rt fi&bvi W thin a virtual threshold period"),
far%Or%ne{ﬁdgv%tg%@ fiates of the vi ewpoi nt, the coordinates

00407 SMEdhehi RO e USteRilng HHC IR G ARLER AR Wrelmines
08 e L5 cOBRE Pt s i
Wit Rheck (TR RShPS PP Rafles WM o Ll Bmd o Whe Wifeal |

O+ REL 5 bck B LRI AR 0 i M BHBOUDL Bt b,
gf&dx g co.%ﬂﬂnét%e(%ff tirirée @%egﬁaéf}&,' &t S?%ﬁhﬁ%{%ﬁ 'g? e dofiet ea.ln? Qf\%g)city vector

the virtua [ ower an t el apse o

rrsalesetnklflg 82%1]%&% Ydlodiy BLeLEHhP SR Woddk afld t&& duljctt ﬁ{]th\é"vgrl{ual

occur . program accordi ng to anot her” aspect

tthRe RiBSR6nal PseBLion is configured 20 to control a
conmputer to function as the above-descri bed di spl ay,

co : r : "
. G B g PR R T aB s, lapye of he

15 364Ut 19 aEéBcfa'Ehl% JUCk fl{g? Hle%/ RYfHr bR % %.ﬁﬂ B %h&f il Qﬁfogesit is

conmput er -readabl e I n mati on recordi ng medi um suc

s Byl PE St e o

LRABA, FdIRLY £0BCHCIRd sull tHEBIR Yaps€bEthe virtual time is slower than the

elapse of the real time after it is determined that a collisi.on will occur.

[0044] A program according to another aspect of the present invention is configured
20 to control a computer to function as the above-described display, or to control a compuier

to perform the above-described displaying method.

[0045] The program according to the present invention can be stored on a

computer-readable information recdrding medium such as a compact disk, a flexible disk,

a hard disk, a magneto optical disk, a digital video disk, a magnetic tape, a semiconductor
25 memory, etc.

[0046] The above-described program can be distributed and sold via a computer

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



[ 0046] The above-descri bed program can be distributed
and sold via a conputer communi cation network,

i ndependently froma conputer on which the programis
10 executed. Further, the aboyg-described i nformation
recordi ng medi um can be distributed and sold

i ndependently fromthe conputer. Effect of the

I nvention [0047] According to the present invention,

ieicediied? O FRirthe thedatfveMesl@itad ‘iﬂf‘éﬂﬁfﬁ%nef@&r@inﬁ $nedium can be
di spl ayi ng nmethod suitable for appropriately

[iAEBSed Bed 18 Rlddperddindy GRRAHULSHButet. 1S expected, in
t hr ee- di nensi onal graphi cs di splay, that a viewoint

wll collide with an olpfRéetof tBOFhvAn§&PuUt er - r eadabl e
i nformati on recordi ng nmedium storing a program for

gg@m']_zi NOA dARERE A the pFRBRULIntioaNElist sisreqs??deeBI di8flay and a
scription of %)ravm ngs 10 [0048] [FIG 1] It is an

5 XYM Rethod isaRIATT ABYIoPHaR]ySHDETEhE AispldyUs béh& Wherfit is
typi cal ganme device on which a display according to

EEEF%&éHQJ AthERNEInRhsioh8 RARR&isplhy) YBR LIV Point VA8 OARR with an

] I't is an exemplary di'agram show'ng a

Z%Egmha q céféx?)ﬁf&-%a%a% iﬁf&ﬁnat?drﬁx@k&ﬁir@%é&i%@ﬂ)r%ﬁ% a?ﬂt}S%rgm for

di nent the present invention. 15 [FI G

3alRMY BRI ¥ cHhRTEAMSIHRYrdlgad. T €] ati onshi p between
a viewpoint and an object 'in a virtual

~ three-di nmensi onal Sp%f[ﬁ%&%ti(ﬂﬂoﬂﬁra% fl owchart
showi ng the flow of control of a displaying nethod

rme tihe; i td :
R BT T G T

1P cA e Hedick Bh&iHiaf £ dRplad Aecdr@E 1O bhEEmbodiment of the present

invention is realized.
[FIG. 2] It is an exemplary diagram showing a schematic structure of the
display according to one embodiment of the present invention.
15 [FIG. 3] It is an explanatory diagram showing a relationship between a -
viewpoint and an object in a virtual three-dimensional spacé. s .
[FIG. 4] It is a flowchart showing the flow of control of a displaying method
performed by the display. |
Explanation of Reference Numerals
20 [0049] 100 game device
101 CPU
102 ROM
103 RAM
104 interface
25 105 controller
106 external memory

107 image processing unit



106 ext ernal

menory 107 inmage processing unit 11 108

DVD-ROM drive 109 NIC 110 audi o processing unit 201
di splay 5 202 storage unit 203 associating unit 204

novi ng unit

205 di splay unit £p6 determi nation unit

10 301 vi ewpoint 302 position vector of the viewpoint
303 velocity vector of the viewpoint 304 sight line
vector of the sight line 311 object 15 312 position
vect or ofiggheywbireois d3k3 vel ocity vector of the
object 314 normal vector of the object 321

di spl acenggt Nject or representing a retative position
fromthe viewpoint to the object 20 322 velocity
vector renpessibigise&sihelaiti ve velocity fromthe

vi ewpoint to the object Best Mdde for Carrying Qut
the I nvenigonid,350] The enbodi ments of the present
invention will "bé explained bel ow Enbodi nents in

sWhi ch theygpr egeile gvention is applied to a gane
devi ce on mhicﬁﬂkZSIthree-dinensional graphics are

di spl ayedhoyt LLsoPRtif¥Rhii ned bel ow in order to

facilitate
204

10 301

303
304
311
15 312
313
314

321

20 322

[0050]  The

moving unit
display unit
determination unit
viewpoint
position vector of the viewpoint
velocity vector of the viewpoint
sight line vector of the sight line
object
position vector of the object
velocity vector of the object
normal vector of the object
displacement vector'representing a relative position from the viewpoint.
to the object
velocity vector representing a relative velocity from the viewpoint to the
object
Best Mode for Carrying Out the Invention

embodiments of the present invention will be explained below.

Embodiments in which the present invention is applied to a game device on which

25 three-dimensional graphics are displayed will be explained below in order to facilitate

understanding. However, the present invention can likewise be applied to information

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



under st andi ng. However, the present invention can

i kewi se be applied to information processing

appar atuses such as conputers of various types, PDAs
(Personal Data 12 Assistants),portable telephones,

etc. That is, the enbodinents to be expl ai ned bel ow

are intended for explanation, not to limt. the scope

of the present invention. Accordingly, though those
hagsistent9)! Homarly teiéhohed, Rtd. hernaf ts, eiédbSdRIeRY to be explained below
enbodi nents in which each el enent or all the el enents

Gire t fh€enBE@ SRt eSPTRQMIOAE Mot & QirhiePiRC8EbpY bR fhe present invention.
equi val ents of those, such enbodinments will also be .

| Acdortiggly ﬂloh?‘?tlﬁ)@@ B&vifg ofdifarPlsR3ER the hA\B0Id @fiploy embodiments in
Enbodi mrent 1 [00511 FI 1 is an explanatory diagram

Skigvh REctR cRARANBE all thé lidAiLoPTheBprbdtht €Albod BB are replaced with
devi ce on which a display according to the present -

5 i dauRAlen&ofWhbde, Bechl @fbddimehnts TR alsbbef iAkAY Mthe scope of the present
expl anation will be given with reference to this

dheatidm [ 0052] A gane device 100 conprises a CPU
(Central Processing Unit) 101, a ROM 102, a RAM 103,
an interfaggodifdnt p controller 105, an external nmenory
106, an inage processing unit 107, a DVD-ROM drive

08s11an NG, ﬁN@tanblah%gr a? e dhind @%chéhglic @Ricture of a typical

audi 0 processing unit 11 53] By loading a

%&e@%&tdmmeh a8 dHPIE REQARo IR AR iRRhGok M4l be realized. The
D- ROM drive 108 and turning on t%e power of the gane

10 GBMbwg kR Blanktish WG %l%ﬂ%vith ref@l%n@é(ﬁ)ctﬁfs@a%?m, the
di splay according to the present enbodinment wll be

- re@sdjzed. A [BR%4evithq 0@%%%9%5‘3@@1)@@&@1@1‘69@5%&?[@rﬁt)olfo 1, a ROM
the entire game device. 100, and is connected to each

gloe "B RANO1 62X 6H aEFa&e01U4] @l cotirSid! 5284 edRhd nfetidrPQ06, an image -
by using an 20 ALU (Arithmetic Logic Unit)

(peddeksig uhiat100) a DIVTE-RONM dEE 108NaBIIE qNetvedtk tThieEhéeCCard) 109, and
operations such as addition, subtraction,

rulautifl pre@dski@p undilvpsi on, etc., |ogical operations
such as logical addition, logical nultiplication,”

15 lfogsxal I’Eﬁabacﬁﬁ% £tBVD-ROM QféHrat ia0BsmS Updgrans idt data -onto the
addition, bit multiplication, bit inversion, bit " o

DVHLROM 8rived! 68 AdturrBhe on HRWBWbr 3 HeQiaaB devtie8®0, @1 pogram will
register (unillustrated), which can be accessed at-a -

e@reanarshd the dispRsy.actdt@ingo GRlpra&ht hb&dimeABYilbE: realized.
designed to be able to rapidly perform saturate _
qpesAat i onehes@PU BEl 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
20 ALU (Arithmetic Logic Unit) (unillustrated), the CPU 101 can perform arithmetic
operations such as addition, subtraction, multiplication, division, etc., logical operations
such as logical addition, logical multiplication, logical negation, etc., bit operations such
as bit addition, bit multiplication, bit inversion, bit shift, bit rotation, etc. toward a storage
area, or a register (unillustrated), which can be accessed at a high speed. Further, the
25 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



addi tion, subtraction, nultiplication, division, etc.

for dealing with nmultinmedi a processes, vector

operations such as trigonometric function, etc. or nay
realize these with a 13 coproggssor. [0055] The ROM

102 stores-an IPL (Initial Program Loader) to be

executed immediately after the power is turned on,

execution of which triggers the programstored on the
[@dpedeeddot.0 be read into the RAM 103 and executed by

the CPU 101. Further, 5 the ROM 102 stores a program

daassjari oite ROM 102 sasreop@r M1 NTnityls PesPravaCBesREY té Me executed
controlling the operation of the entire ganme device
Tiffhedidd€lp Gfter the gote 10Rirned dr) exéREBR bAMhIGh SigBérs Mk program stored
data and prograns, and retains the program and data

romattle DD RQIVD th Ibe réAMOnRAME R 1WBheH cfladi@eBERSIEY 101.  Further,
for gane proceedi ngs and chat comruni cati ons.

5 Fhe ROV, 102hgorePd prograpesddvaousr REL 5Hem (%ié@zhin%osy@%m necessary for

securing a variable area in the RAM 103 to work the
Asohtreliling Gitd operidion dflfiee staire!@amé tioviesl1001 the variable to
perform operations, or once storing the value stored

i[0036]e RAMe RARI 103 i orite@psratily stbﬁﬁ% dhtdi 4 [BSasks] ABretains the
toward the register, and witing back the operation

rpesgthin 40l Ui @RORLY fropd Ghe PMIDHONM QNG WihérOldt8 medddSary for game
connected through the interface 104 receives an

- ipedeadingd) and ShatrRHmEHivRRdNLY FiithedSBE CHENOPIpBMbAK Brocesses such

ganme such as a racing gane, etc. [0058] The externa

10 e sewink0f vaiedtie asdal ivi o Rueet 808 thihveHg et AEU 8fr&ilyAGRN the value

15

20

25

104 rewitably stores data indicating the play status

(spasd inaghbivar ete i Eerf@hﬁo;}eréﬁon@, 62618 GtddMFBRhe vBILE stored in the RAM
data indicating the progress status of the gane, data

ab3 cifathe Clegidten) pedféraiing Q@pSratiohs @6WAiASthe @Eter, TRE] Wiftlng back the
can store these data on the external nenory 106 where

pedton res@ld tdtheinmgamidryi €tg. i nstructi ons through the
control l er 105. [0059] The DVD-ROMto be | oaded on the

DY3-7ROM dihiewcenttOiBerstOSr@anéctgal g thé @iterfa! 1021 Beeives an operation
ganme and i mage data and audi o data acconpanyi ng the

g givien dgthé tieer when playingaf gdnesuchlds hQécin% pamé)\d. ROM
drive 108 perforns a readi ng process on the DVD ROM

[eGfd3d t Mheeamerhal memdroU06 aletRbstl$ AoyndttaU tadug the interface 104

data, which are to be 25 tenporarily stored on the

RAMthBLY, st@te 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 neéded,

by inputting instructions through the controller 105. |

[0059] The DVD-ROM to be loaded on the DVD-ROM drive 108 stores a program

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

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

-DVD-ROM loaded thereon to read out a necessary program and data, which are to be

temporarily stored on the RAM 103, etc.

[0060] 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)



[ 0060] The image processing unit 107 processes the
data read out fromthe DVD ROM by neans of the CPU
101 and an image cal cul ati on processor (unillustrated)
14 provided in the image procggsing unit 107, and
thereafter stores the data in a frame nenory
(unillustrated) provided in the image processing unit
107. The image information stored in the franme nmenory

| Sro¢iday ah ttBel imAE® pocébHBO ubit OIE, aall tBered@0R6RE AhdQEta in a frame
synchroni zation timng and output to a nonitor

(mBinbhu ghkitisele DOPRRGdRd i the infpel PREESSHIOGRHSI109. The image
unit 107. Thereby, inage displays of various types are

aivedrhabibe - stdRA6%] (b efraiBaRemoty Ul addn9Brtdd QRRS KOWidedNsignal at a
rapi dly performtransparent operations such as

Op8ddteniARE EHchIhiAkioR tiMigR Ahd Gufut toVa HbATRAuMNstrated) connected
i mges, and saturate operations of various types. 10

5[Q08R] irfralfet PRIcessid}e unlfB067. Calkdibif, | kgl @RFRFH 0f CPdous types are
also rapidly performan operation for rendering, by a
ZoRukdler net hod, polygon information placed in a

virtual three-dimensional space and havi ng vari ous

[?195 ur e i TRoim@lel Qe fRdprot@s@oéaal ApRlly peiTsen %@néﬂi?&@ operations

t he polygon pl aced in the virtual three-di nensional

Heasa%vé'ﬁagrn ob&r@fidn @rPEHEBRhENE HE GwdidieRRstal | 'lﬁﬁges and saturate
along a predeternined direction of sight line.

[ §R6FionEWF VAieius typest he CPU 101 and the i mage
cal cul ati on processor working in cooperation, a

10CioabZCct er FigiHek NShASmAgé Wl IIATRIRS ipehtdksor NEBEE 26N rzﬁﬁdly perform an
depicted on the frane nmenory, or depicted on th

Sefetafon fOf rareinoby QCZ‘buﬁ’&cﬁéﬂlbﬂ,gp&?g&i)Hffohﬁgtféhrﬂﬁde@Qn a virtual
defini ng the shape of the characters. [0064] The N C

18fel dmbRSion® NHa6d 1408 kdVend) 3ABOEE d:GEre LBornfati®n added, to obtain a
computer 20 communi cation network (unillustrated)

Stéfiflerad irhdp® dJMhEpolgEon plated indhél vEAAPIHr&ESingnsional space as seen from
10BASE- T/ 100BASE- T product used for building a LAN

(d-preatteriiged Netwpiskion addh H@ernitBetdirection BBt line.
(I%t@egrat ed Services Dglgtaaflml\letv\ork) nodem E?rlghan

15AD663] ( Ashurttet, b th GPURII0 Buhdcthe hﬂfagélcﬁﬁhlaﬁﬁﬂ%bée@ior working in -
connecting to the Internet by using a telephone Iine,

acoopéraiomieirdctdr sEMPNACA twiskdirferdsttRal iipenah b@)ﬂe}éfctdﬂ]gon the frame
a cable television 25 line, or the |like, and an :

| Mb@bFHAGR dapidttd Wat that Refacé OF dadh glolRbnatab&GdiAet et information
these and the
defining the shape of the characters.
[0064] The NIC 109 is for connecting the game device 100 to a computer
20 communication network (unillustrated) such as the Internet, etc., and éomprises 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
25 line, or the like, and an interface (unillustrated) for intermediating between these and the

CPU 101.

[0065] The audio processing unit 110 converts audio data read out from the



CPU 101. [0065] The audio processing unit 110 converts
audi o data read out fromthe 15 DVD-ROMinto an
anal og audi o signal, and outputs the signal froma
speaker (unillustrated) connegted thereto. Further,
under the control of the CPU 101, the audio

processing unit 110 generates sound effects and nusic
data to be sounded in the course of the gane, and

OOVDLROM Ngites Qen 6&1@@ r @SR QNHaNJadd dubfitdand digM A8 a speaker
speaker. .5 [0066] In a case where the audi o data

r(ﬁﬁlﬂlh&@ﬂed)rbobﬁ&t@/%%ﬂ | BurtfleBl urdef the dofifol & CPU 101, the audio

processing unit 110 refers to ‘the nusic source data

| f#6¢edélRgl uht 1&@%&@&@5 sind effeOtd uad hﬁlstchﬁteMoEﬂe dahded iRt course of
CM data. Furt in a case where the audio data is

GREPARS 38 oAHlkOthe 36 hde ko ALIPENIIER i dTBle dafdBonY BidXpRaker.

format, etc., the audio processing unit 110 expands

5 t[b@6fqat a Iﬁ"hdca‘é@ WHeE e lahidioiafa REMIE@LA thBW VI-AOM is MIDI data, the
(Digital/Anal og) 10 converting the PCM data at a

tdquo”Erdé@isﬁfgS BRI di 100re&s 1th &hs ami¢ ROurkE RBEMeYudRll ihMBe data, and
and outputting the data to the speaker, it is

%ﬁ%rﬁl et MIPUIRY idtheEMIAAL aF@eheRURN Q%ase L}&@l@ﬁ:?]he audio data is
Asi de fromthe above, the gane device 100 may be

CRMpr&dELENdiO dREIF NP ENLor A ® doWiGhisABEm A Setk Nehelidiio processing
102, the RAM 103, the external menory 106, the DVD Rcmf

t@ie10 0REEMs ARe the DR ¥lo T8 @& BY D/AI (IBigRal/Analog)

| ar ge-capacity external storage 15 device such as a

10 rl%ﬁderﬁh@ khe I%EM ddt96Blimf or?esb@nd?ﬁg ﬁ)xtﬁg'@érﬁﬁli’ngdfr@cﬁ{eﬁ@ of the data

show ng a ScC hematic structure of a dISp ay accord

t0d QuHuBiHOHE ARA o e stpeﬁ(ef? rlfv‘%%tsmbl@\f@ Bﬁt#)@f‘the PR data as audlos.
fol |l owi ng 'expl anati on w | be given with reference to

t[bO@'] ]dl agh 442 fr[)QlOtﬁglabJ\tbe t}{iI éﬂ'leadév?cgll 0@@19%[ KU O tgg.rehhg perform the

present enbodi ment conprises a storage 0 unit 202

aame Fertions hthe ROM K3 theRABIVI(3Y ;ﬂéraxterﬁé)fﬂnen@or?ua@,l {8¥ DVD-ROM
unit 205, and a determ nation unit 206. [0070] Here,

1t Be S6TeaBR tHODIVIZRDO ST &ives] 08hetcl By Lsing AdargBlcapddat ieRfemal storage
(1) coordinates (position vector) of objects arranged

15 idavite $heH 4 harll @iskeetd] Mensi onal space 25 (2) vectors
representing the velocity at which the objects nove
[0068] 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.
[0069] The display 201 according to the present embodiment comprises a storage
20 unit 202, an associating unit 203, a moving unit 204, a display unit 205, and a
determination unit 206. |
[0070] Here, the storage unit 202 stores the following information.
(1) coordinates (position vector) of objects arranged in a virtual
three-dimensional space
25 (2) vectors representing the velocity at which the objects move

(3) normal vectors of the objects

(4) coordinates (position vector) of a viewpoint arranged in the virtual



(3) normal vectors of the objects (4) coordinates
(position vector) of a viewpoint arranged in the
virtual 16 three-dinensional space (5) a vector
representing the velocity at whgch the viewpoint noves
(6) a sight Iine vector representing the sight line

al ong which the virtual three-dinensional space is
observed fromthe viewpoint 5 (7) conditions of

caRsidimbifioRNsfddg obj ects Here, as the conditions of
constraint on the objects, it is possible to adopt the

Mass or i\es iAoRpRBéntR thd'eelolhyeftvhich Matvi@lBttRoves
are linked, an external force such as gravity,

frictiongk) fogigk, 1ifd GectBPRéPr&dntify the s%ﬁi fint Sa:lor{g\(z%ﬁgc]ﬁ the virtual

Further, 1t is also possible to adopt node 1 n [

tthRe i BYRM I spale $E4bsRed HOnPi¥ vilwiidi& obj ects and
noves together with that object, and its sight line

svector hag) dondiiddet 86r8RARH oA MH Sbiédom the sight line
(normal vector) of that object. [6072] Hence, the RAM

103 of t Ngergad¥ahe 8¥hdiGorksdt JoHﬁP%iﬁ th@%b}élafas, ﬁtiQF)@Q?ole jo adopt the

unit 202. The initial values of these valués afe suc

VRASY®? iftih ARGt fof R M]Ectg\@ét%éif aredGRGH! él}g gf%ﬁf;}éforce such as

or found beforehand by various simulations.

Qhaly, FankiNoroe, £ EBAM {08 BBR e fol | owi ng

variable areas. (1) a variable areat for storing the

triooe ) (r egturinke Y isthas ?cﬁgsﬂ)@é&ﬁaddﬁt _tat}ﬁoc{eeﬁﬁl whig{? rtﬂtl?\r/ri(g)gv)poﬂlt is set on

vari able area u for storing the'tinme (virtu

10 %%?Eo?{‘?h@B%féﬁtsi dhdt B%VCSV{O%EmQ} withr 8¢ gﬁj?ﬁpﬁh@%ls\ig?"’}%? vector has a

a variable area A for storing e Inter

\wé&&ﬁn%drﬁgie frdH%hd ﬁghtCiin%Qﬁ&iliﬂ& %Qcm%)gﬁ thay 8bje@d! ©

area B for storing the interval at thevirtua

?i\)f??é LSRA}E%&%%EM (& o tRUESRL daviea 188 thkiofs YRAM storage unit
202. The initial values of these values are such values as loaded from the DVD-ROM as
described above, or found beforehand by various simulations. |

15 [0073] Other than this, the RAM 103 has the following variable areas.

(1) a variable area t for storing the time (real time) that elapses in the real
world

(2) a variable area u for storing the time (virtual timej that elapses in the
virtual three-dimensional space

20 (3) a variable area A for storing the interval at which the real time is
discretized

(4) a variable area B for storing the interval at which the virtual time is
discretized
(5) a buffer area
25 (6) a VRAM (Video RAM) area
(7) a flag area indicating whether or not the viewpoint and any of the objects

will collide in future



(7) a flag area indicating whether or not the

vi ewpoi nt and any of the objects wll collide in

future 17 According to the present enbodinment, in a

case where the operations take;place in so-called rea

time, t = uis established and the virtual tine and

the real tinme synchronize. [0074] FIG 3 is an

expl anat ory di agram showi ng the rel ati onship between

the 5 viguwpgiifd taft plséiedodinledt "R ¥ ichdeUwvherki thE operations take
in the virtual three-di nensional space. The follow ng

kdfablalledvrddl tiige, 3i=v Qs WsiablishRl &heREE virfual Minse and the real time

iagram [0075] The viewpoint 301 is arranged at

GoRhebiad.es 302 c(u), and an object 311 is arranged

at coordinates 312 r(u). The viewpoint 301 noves at a

yedgi ty RG. 3 Yeeh Odxphiddtor (didgradnshdwify ARt G6latiddship between the
noves at a velocity of a vector 313 k(u). 10 [0076] :

5 Thevdimt@d i dbjdchm @BBivRalas tildeal Madh& JirkRPthedd- @ielendidial space. The
arranged in the virtual three-dinmensional space are.

Q@l&ﬁmﬂgt xliﬁléﬂdﬁo&lhﬁill\ﬁewmh%ﬂreﬁé@tﬂgmts'aﬁa imection of

a sig i ne vector 304 d(u) is processed by

fho7eg- di MeRSH iR inOsRPRI ffangd8t dREELASs 302 thi)Sard an object 311 is
process w il be described later. [0077] The object 31

iaﬁraﬁg%ra@%ﬁ&@ix{ﬂes@mqgﬁg Ohé PRYBRIAB01 &t et LISQLYEF a vector 303
normal 15 vector 314 n(u) is Set on the pol ygon.

hhesandihe e8RcOs 11l MbMsbveRcRY 8f £96dos3BNIgd).i n the
M 103 as descri bed above, and updated where needed.

10 [66763] OT}kthat@ttHﬁrtlhéadlﬁ’ect@iﬁéﬁldgx% the 5681051 138anked)in the virtual

représenting the relative velo y bet'ween the object

FHrde-ANfersiRal 59R UrO bbiHe £ ABMP e CALWHbiaL 801 @fon¥(tHe direction of a
h(u)-k(u). 20 [0079] A displacenent vector 321 n(u)

SRAE BEE NGB 0uNR Y BlpaddeVd B9 Shick AMALnsidHl %@a%ﬂﬁyqi Phe details of this
bet ween the object 311 and the viewpoint 301 can be

padcesH wilesk @scrifdd)latef.(u) -c(u), provided that the
coordi nates 302 c(u) and the coordinates 312 r(u) are

$eE7]as Thewbiycs 311 B08Pleskddby 4 pbBgan (PodyEIM dndSdhonitgding normal
the flow of control of a displaying nmethod 25

15 pectboBs rea(uhys dehen Begsotyiondi JhkaYpieddR®f irfbiPaonthre each stored in the
expl anation wll be given wth
- RAM 103 as described above, and updated where needed.
[0078] On the other hand, a velocity vector. 322 v(u) representing the relative
velocity between the object 311 and ‘the viewpoint 301 can be calculated as 'v(u) =
h(w)-k(uw).
20 [0079] A displacement vector 321 m(u) representing the relative positional
| relationship between the object 311 and the viewpoint 301 can be calculated as m(u) =
r(u)-c(u), provided that the coordinates 302 c(u) and the coordinates 312 r(u) are seen as
vectors.
[0080] FIG. 4 is a flowchart showing the flow of control of a displaying method
25 performed by the present display. The following explanation will be given with

reference to this drawing.

[0081] When the displaying process of the display 201 according to the present



reference to this drawing. [0081] When the displaying
process of the display 201 according to the present 18
enbodi nent is started, first, the variable t and the
~variable u are cleared (step S4Q1), and the variable
A and the variable B are both set to an interval at
which a vertical synchronization interrupt occurs
(step S402). Then, the occurrence of a vertical o
symbddimentziatsiapted | filsg e pdridbte sv@idt thel vasitepuadddkared (step S401), and
[0082] A vertical synchronization interrupt is an
i the evariaple PoandptatvangblehB aer B&h seli oph@)intefval € WROE a vertical
device 100, and the image processing unit 107 reads
odyinchrionigation rihefript ioeburst Glepd ShoR)t heTARANh@r RBuditbe of a vertical
di splays it on the nmonitor in synchronization wth
t$ynshrohizatisrpiterript RORaitddqstep 3aef)er from the VRAM area
to the monitor is performed in a co-routine in
Sp@osd] el wivdati¢dl &yhetrOnipate ESernipt Ss iaf Ah@eAlpOfori $pdating the screen
omtted in this drawing 10 in order to facilitate
udisiesys iankk Rpeme[ V&3] 100, t@d e ififabé GRbcSIAE NI (7aEdadd out image
I nterrupt occurs, t he associating unit 203 updat es
tihéorinatiodbloged inothd VRAMY afeh 2Bl &lisplAS if 6h kiR 0ARSER synchronization
S404). t t+A; u - u+B 15 Thus, the CPU 101 functions
awith ftes assegitat Sige wid frand@? fidin GROVRAM iaRA t¥ithd\mohfist is performed
RAM 103. During the initial phases after the present
dinspdoasourige i pP&ABE wish HeahhiBChrocess, EEndicRidrSis omitted in this drawing
established as described above, the changes of the
10vialodds t@facilitatedinbers@adingi de. [0084] Next, the nmoving
unit 204 perforns the calculations to be described
eDesy 20Amet B veeficl %2?1&1:6@12&% {rRt QQunsakhie dssoblafing unit 203
whi ch are stored in the RAM 103 at the updated
Vipdhitéa khel vatfabl,t ah@ thidRtaBletng b WeEtSI Ry i n the RAM
103 (step $S405). (1) the coordinates 302 c(u) of the
Vi ewpoi ntt 8GA(2) the vector 303 h(u) representing the
noving velocity of the viewpoint 301 (3) the sight
~ line vectws 368 d(u) 25 (4) the coordinates 312 r(u)
of the object 311 ' o
15 Thus, the CPU 101 functions as the associating unit 203 in cooperation with

the RAM 103. During the initial phases after the present displaying process is started,
since A=B is established as described above, the changes of the values of t and u
coincide.
[0084] Next, the moving unit 204 performs the calculations to be described below
20 with reference to the following values, etc. which are stored in the RAM 103 at the
updated virtual time u, to. update the values stored in the RAM 103 (step S405)..
' (1) the coordinates 302 c(u) of the viewpoint 301
(2) the vector 303 h(u) representing the moving velocity of the viewpoint 301
(3) the sight line vector 304 d(u)
25 (4) the coordinates 312 r(u) of the object 311
(5) the vector 313 k(u) representing the moving velocity of the object 311

(6) the normal vector 314 n(u) of the object 311



(5) the vector 313 k(u) representing the noving
velocity of the object 311 (6) the normal vector 314
n(u) of the object 311 19 Calcul ations on these

val ues can be performed by utihyzing physical nodels
of objects used in various three-di nensiona

graphi cs. [0085] For exanple, since the discretizing
interval (the difference froma virtual tine

i mredi at eCylchlefistseh thésetvatue¥ icit bdperfdriiRd byiusiliBindhysical models of
descri bed above, it is possible to obtain 5 the

idlir?écﬁsﬂmﬂ i0¥aridie theelddhedsRiabg@pkicIg t he moving
velocity, by dividing the external force applied to

tfoesjur r efdr eRBINPLRY siBye thi Qlismaeiﬁir%finfeh@l CUE dERdreR] fRSTh a virtual time
and multiplying the result by B. The vector

rigfneRREl beereNEf the Wirfithl VigleO it B a§ ABschiBed BBRLH iDBodde to obtain
increnment. Further, it is possible to obtain the

5dhé RhateREMNf BE vlebRr @Ehreshtin® ¥hd Vi Vd16@ty, Yedividing the external
average of the vector representing the noving velocity

treferfpliedas e cufdnt tctalyl BE nldds WPER! &FredY oBject8 multiplying the

‘coordinates of the object can be updated by the
desi #GEBENtThe VdckWepfosertiy RN MRVINGEGEIBEItE &An e updated by the
updated fromthe relati onship between the inertia

MReEMenOf FuiBeORiigpbsstléitd diRaif itheditRaddmabot A object, by multiplying
external force is applied. [0086] In a case where the

MheWhsth gl oBfhd eStos 8dpreRnBRY tbhE¢hg vtetb%it?%fdir@ Qb&atéddnd that after
changes in posture of this object are reflected on the

10 ARRERHNGY &, MRCEQIrdnERE &TeMki difedt N@n BS upBMEN Gy the displacement.
velocity, and sight |line vector of the viewpoint 301.

[1ARSise,! the Hot@hl VectBeELObNupHAEBd FRInE Yhatd|MbhshiphSetivBA the inertia
101 functions as the noving wunit 204 in cooperation

WhéhehtHE tHRAM;dA And [HRASB o WREIM the BeteabRIr@Yis Uppited205

produces i mage i nformation representing the state of

t{bessli rt Uala tdse achetlt tRNEERPEINt SPRELseADNORTEIHEA, the @dvements and
the viewpoint 301 arranged at the 20 coordinates 302

ahtigdsin pbetutel ¢ft tHRl oby dvt afe- RFIEEBE bR MEd cERdineted] BT réiesenting the
direction of the sight line vector 304 d(u), by using

15 ttheviag oslecitis 264 sipatlindWetorrif it viswpoiad3om t he RAM 103
and texture information for objects prepared

qJoogT]at elly, oragtctoietfor suble callcaldticd the'®PE 101NfufEtiBsi Bthe moving
in the buffer area of the RAM 103 (step S406). [0089]

Tmis204tih @obpBrg R PKIEC 8RR AN LOB.t 107 controlled by the

CPU 101 functions as 25 the display unit 205 in

qoog8yr at i ThHenyMHehdidphey BAMRAO Broduces image information representing the state

of the virtual three-dimensional space as observed from the viewpoint 301 arrariged at the
20 coordinates 302 c(u) in the virtual three-dimensional space along the direction of the sight

line vector 304 d(u), by using the _above-described information stored in the RAM 103

and texture information for objects prepared separately, and stores the produced image

information in the buffer area of the RAM 103 (step S406).

[0089] Thus, the image processing unit 107 controlled by the CPU 101 functions as
25 the display unit 205 in cooperation with the RAM 103.

[0090] Then, .the CPU 101 calculates the displacement vector 321 m(u) representing

~ the relative positional relationship between the object 311 and the viewpoint 301 from the



[0090] Then, the CPU 101 cal cul ates the di spl acenent
vector 321 m(u) representing the relative positiona
rel ati onshi p between the object 311 and the vi ewpoi nt
301 fromthe 20 information spered in the RAM 103
according to m(u) =r(u)-c(u); (step S407). [0091]
Further, the determ nation unit 206 checks whether or
not a value showing 5 that "a future collision is

dhfoemdiiorfigbednh tRIAMS1 X Reediigiot he flag area of the
RAM 103 (step $S408). [0092] In a case where the val ue

i's not yehu§tEH®©L(tep S408; No), i.e., in a case
where it is unclear whether or not the viewpoint 301
qagpshefpbject 311 will collide in future, the
velocity vector 322 v(u) representing the relative

gebﬂql ty HgtheeaRe dBRraMaBg6d unit @08 lchedfdwh&tBerVdiedIOd Phlue showing

01 i's cal cul at ed according to v(u) = h(u)-k(u) (step

5 $449%. ful PO 8s1lisibh a8 alr%@’t&éﬁnﬂedﬂ% stoh ivii tB¥vPa Atea3ftkhe RAM 103

and the object 311 will collide in future is
Qg& sapged fromthese vaI ues and a virtual threshold
peri od which is set 15 beforehand (step $S410).

JOM] The d edskOvhdg Sh k& us Q9 abdestesorad (Etep 9988.'R6),qfe., in a case
eterm nation. [0095] (1) A nethod of making

detiedd ¥l i aitRRr ABEMEAbNHot the WRGIAWEAt TU1 &K theject 311 will collide in
vi ewpoi nt 301 will be positioned in the nei ghborhood

Ghitukd) @hObbIBEIty 3&10WV®E ?eﬁfwehti@% thel lR[BISE QLR CRE Bét‘l@eﬁ) the object

wi || "have el apsed fromthe current time. Specifically,
10 131 1iafd sheMEWHSint 261 BicalBlotedhcd@ifigbnat i on accordi ng

to whether or not (err)miu)- Pv(u)l(err)(err) i's
satisfied«upéhomh@ﬁﬁer or not 25 Im(u)-Pv(u)12<E2
(step S409).

{0093] Then, whether or not the viewpoint 301 and the object 311 will collide in
future is determined from these values and a virtual threshold period P which is set

15 beforehand (step S410). |
[0094] The followings are considered as the method of determination.

' [0095] (1) A method of making determination according to whether or not the
viewpoint 301 will be positioned in the neighborhood of the .objec‘:t 311 when the virtual
threshold period P will have elapsed from the current time. Specifically, it is a method

20 of making determination according to
whether or not
|m(u)-Pv(u)|<e
is satisfied, or
whether or not
25 Im(u)-Pv(u)[*<e?
is satisfied, by using a constant € for determining whether or not positioned in the

neighborhood. Note that | | means an operation for calculating the size of the vector.



is satisfied, by using a constant E for determ ning
whet her or not positioned in the neighborhood. Note
that | means an operation for calculating the size of
the vector. 21 [0096] (2) A ng{hod of neking

determ nati on according to whether or not the angle
formed by the vector nm(u) and the vector v(u) is
included in a predeternined range near 0O degree, in

gd09d]i on (P AtRethad oY BrakiHp EdrBnARANCEIARS to WIRLIRADE Qot the angle

formed by them can be calculated by 5

d v
Ssson a1 g o

RlsteB JindRIRI0H 1B akd dev@éindi@it@&' téddifiéhst h%mglenfmmed by them can be
accel eration assunmed for the object 311 and 't

\daRWR@dd¥y 301 and cal culating the ranges in V\,hl ch
t hey can m)ve in that case, and determ ni ng whet her or

snot the Q@&g@ﬁmmgvgogmxumgaggrngn portion. This nethod

requires a | arge’ nunber of cal culations, but can

estimte Hé&@etrﬂéahs ﬁme%hér'p?b&mtt@‘f{hk: vaGeH, Or not with
h| gh accuracy. [0098] [n'this manner, the CPU 101

fooeh)i ONS3RSAT hRuiat %f”inﬁﬁf‘ngoﬁetﬁﬁhltnaﬁ’&ﬁ by calculating the maximum
cooperatlon with the RAM 10 [0099] Then, in a case

Vﬁ@@él&ah&n héuﬁﬁ%ﬂ €50hB %gjetc{@fl #hdClb |vie%152>‘ihtv_f40|1 lan@ @61 0latiAg the ranges
future S (step $410;" Yes), this determnation is

i Qﬂﬁ&ﬁﬁte% Rart Hl%vg i RhaPlRR, ddd dREdRANE WiR tHes bERot (RE 1anges have any

and the value stored in the variable area Bis

10 rc%ﬂh‘l‘;(ﬁfjp((rﬁ&?p T Aethol R &iRdd Viarg ndhIRS OF c&l@ﬁ‘ﬁﬁ&m bl can estimate -
is stored in the variable area B. [0100]

Wﬁ&&fr@rc%nlsidh WIS 6r m%ﬁﬁmgﬁa&%}& m ned that. the
vi ewpoi nt 301 and the object 311 wll collide in the

ybadggal tipr@e- maﬂﬁas'tm@p@n@@%halJn@téér ﬁle(alaéﬂn{m&tm unit 206 in
virtual 20 threshold period P will have el apsed from

tcbepsiaﬁdxﬁmththdel(st virtual ti ms u will pass slower
than the real time t because the discretizing interval

§0099]i s rEREHCEAa ciftethviialet fis defeRRinkd QN4 HOESIisiBn SHiflPoccur in future
S413. [0101] On the other hand, in a case where that a

15 gakp isal 0NYW)! thi®detefmingticd 1CRdYrdsl O P flad atéd€infth@RAM 103 (step
area (step 08; Yes) or in a case where It is

it €Y, B eRe Vilaé sivged R ﬂhbSJaﬂBleaHa BZéraﬁl@w (st&) SP12). Typically, a
S410; No), the flow goes to step $4 _ '
preset constant D (D<A) is stored in the variable area B.

[0100] Therefore, in a case where it is determined that the viewpoint 301 and the
object 311 will collide in the virtual three-dimensional space in future (until thé virtual

20 threshold period P will have elapsed from the current time), the virtual time u will pass
slower than the real time t because the discretizing interval of u is reduced. Thereafter,
the flow goes to step S413.

[0101] On the other hand, in a case where that a collision will occur is already stored
in the flag area (step S408; Yes) or in a case where it is determined that no collision will

25 occur (step S410; No), the flow goes to step S413.

[0102] Then, thereafter, the occurrence of a vertical synchronization interrupt is

waited (step S413). Another process prepared separately may be performed in this



[0102] Then, thereafter, the occurrence of a vertica
synchroni zation interrupt is waited (step $413).

Anot her process prepared separately may be perforned

inthis 22 waiting. [0103] Af4er a vertical
synchroni zation interrupt occurs, the inmage '
information stored in the buffer area is transferred

to the VRAM area (step S414). This is the so-called

gatidree buffering technique. 5 [0104] As described

above, since the inmage information stored in the VRAM

FOEB]i S AftdrAWertical §yRRhivRMation intéimgy BEdIrS) Mhe idg@infotthition stored
a vertical synchronization interrupt, aninmation

Ghh S BYffétaate @ BEndiricdker tho ECRARS ardAkleplB4840Y This is‘the so-called
synchroni zing the transfer to the VRAMarea with a

enible baffesyd@bhMghazat i on interrupt. [0105] Then, it is
checked whet her the di stance between the viewpoi nt 301

5 qorhahe  AQdeRbiinstabd¥d, sice Ip@IhAe ihfbamatorPEBAQALRIE WRAM area is

constant, i.e., whether or not the viewpoint 301 and
olgubhbeme Mbhitbave sﬁﬁ&ﬂrbﬁ@ﬁid{ﬁmﬁl @4¥énlical synchronization interrupt,
Specifically, with the use of a constant 6, it is

RAESdthedisfayd B4AAF NG SRS HESmEY antifabR §POLIrichicRikikAthe transfer to
occurred, according to whether or not Imu)l<6 15 is

o VRIAIM dreaQiith i 0461841 sQhicHIGRizatloM(iHeddp02 1S

satisfied. It is preferred that the constant S be

a0l 053t ed Tthen bie 15 BRdcked whbder tHiedistaiR@VIRtWESCihe Bedvpoint 301 and the
constant E. 20 [0106] Other than this, in a case where

10 oBRcY3 EVWRRAer3Bdn APMRStehRERH BEAstaMt! ik AvhadRirlodhbt the viewpoint 301
obj ectt (for exanple, a vehicle object), that "the

‘éh@‘(mqéct 301 navdcéingeiepc4 1331 shaurang)] witkled usdlof a constant 3,
step $S415 nmay be considered to be established when the

e Plﬁisilﬂ@‘t/d: deerntiRE ShB@Er WY o a BRisIIn@iAP 8k drredOdecording to
collides with another object (for exanple, a wall

obj eGhgther §ri®7] As a result of the check in this
manner, in a case where the viewpoint 301 and 25 the
‘obj eph(ufidd have col lided (step S415; Yes), the process
wll be termnated. On the
15 is satisfied, or
- . whether or not
jm(w)}*<8?
is satisfied. It is preferred that the constant & be adjusted to be smaller than the
- above-described constant €.

20 [0106] Other than this, in a case where the viewpoint 301 moves together with a
certain object (for example, a vehicle object), that “the viewpoint 301 and the object 311
have collided” at step S415 may be considered to be established when the object moving
together with the viewpoint 301 collides with another object (for example, a wall object).
[0107] As a result of the check in this manner, in a case where the viewpoint 301 and

25 the object 311 have collided (step S415; Yes), the process will be terminated. On the

other hand, in a case where they have not collided (step S415; No), the flow returns to

step S404.



ot her hand, in a case where they have not collided
(step $S415; No), the flowreturns to step S404. 23
[0108] After it is determned that a collision wll
occur, the animation display ojsthe screen seems as
if it were reproduced in slow notion until the
collision actually occurs. By slow ng down the el apse
of tine in the virtual three-dinmensional space and

gg er3f{sQRtbrhil tAYt d EbIBLONAD bEQR, Mk SRIndftionl display on the
I'S possible to notitfy to the user that it has been 5

ogxte@ﬁ L, d frat w%fber }ffo@i‘ﬁ@éli 3 s1¥dvI thotéedl britd Qhé/\fcélhsfbﬁ &ctually occurs.

ect 1n future. In the explanation of the
%%%ertﬁ &St a akin
agr};d)er st andi ng, e ggééxpl a%gﬁhgﬁﬁﬁ%éﬂggiﬁﬁnéggg %\lll tpaceoehndym B the
el @isﬁﬁ{y g stow! %}ﬁioqetﬁﬁﬁa}y\"ﬁ 3 pos&61Ra6 hotify fohtﬁe user that it has been

VI ewpol However, si'nce there are a plurality of

5 gf%ie?ﬁﬁrfedqﬂét th@ﬁ%%gbﬂnY will Eolhﬁe W?tﬁ%ﬁ@@ﬁﬂcttlﬁ? filtBke

termnations appropriately for each of these. 10

Zﬁy f thghg'l% é?chtlégﬁ lgqt n?l?o\lehﬁtscr?oeﬁo ﬂob%sonn Wrldt to facilitate

etern1ned the sl ow notion

ﬂ.l ?%@ﬁdl\ff ! J(helsetxg[ aﬂcl(grpfﬁst Bah hid®BwRR Ay odeQb}&lt 311 considered with

or discrimnating whéther Oor not to

F}§£Jeg{e %otkt)ﬂeg 8&&%{%}&&' 961, I8LGEVE NGhLE rihéT@yargea @ﬁﬂll&?e&‘ objects 311

tot as I'ts attribute and such a val ue

{%ﬁalﬂ?h it rr?e@eésgxgﬁll?@ AN 1% iatBas thpﬂ?ﬁp?i‘éﬁel)?’]ﬂar &@h of these.

ects 1 for which the collision

10 q@%\ﬁ% L r@ﬂéﬁﬂp is| et Rlid QA ¢ émH51Qt?w§tﬁlaﬁ9 L@ E-Heeobj é:c@J 311 is determined,

case ere the present display 201 is

aRe Eloaﬁm{)ﬁox‘?dfsﬂﬁg R‘Qu%m hthf #APoigeneral |y be

assuned that a vehicle Ject on ‘whi ch the viewpoi nt
b[ﬁll F@t m ﬁMheF o} Ivhﬁ@ M tdﬁch&@na{tﬂgdwﬁéﬂﬁgra&re%&rtoaperform the collision

ing arranged in a distance. Hence

aROMRICRRAhAEt SQliSkAO &ld SHjeR BT QS $tsiafriB@E faad ¥Beh a value may be
onIy for those that m ght have a collision, by

: o?r‘éa i MHAaE A NO1 BRforeEdh YRGB, SoltRit tRabyeéts 320 fdravidcithe collision

I'Tsi on, and such objects as building the wall of

15 dMRerhRIHIRA is E&?&%ﬂqﬂﬁ y Be E&é‘c]féﬂle ACES Rl th 4 Bse where the present

above- descri bed enbodinent, slow notion display is

pcﬁgélgﬁ; B¢ @fa fed {o A Sacii§) gaE NRakhAlgeAer@RY b dsQined tHat a vehicle

occ in e. According to the present enbodi ment,
lﬁé&f(ﬁldbvﬁﬁh' the RESVIiAER de ndi piEcoMideNwithithe redd £LQﬂa1;8]or a building
exanpl e, crossfading wwth a full black still inmage

WirkdngBRKE 2 Wistéee TR, the above-described determination process is performed
only for those that might have a collision, by discriminating between objects that cannot

20 havea collision, and such objects aé building the wall of the course.

Embodiment 2
[0111] According to the above-described embodiment, slow-motion display is
- performed after it is determined that a collision will occur in future. According to the
present embodiment, crossfading is performed in time with this.

25 [0112] For example, crossfading with a full black still image will make an animation
display which combines slow motion and blackout, while crossfading with a full white

sill image will make an animation display which combines slow motion and whiteout.



di spl ay whi ch conbi nes sl ow notion and bl ackout, while
crossfading with a full white sill. image will make an
ani mation di splay which combines slow notion and
whiteout. 24 [0113] Oher thagp this, in a case where
the object is broken, gas or fi'quid is blown out from
the object, or the object expl odes when the collision
occurs, cr ossf adi ng with an aninmation i mage show ng

Bﬂﬁ? tr ?nt éheé rﬂ% ik dl cggeh%ﬂ‘g#eo&{@ %’oje(:pljslkﬁ‘])kérf‘ gﬁ@%ﬁ‘ 1i9hid is blown

'ending ratio

e 5 ook o v

B hﬁéﬁ‘ag"ﬁ%ﬁ%ig' thr R (s R B TBRRLTEY O e

£q rf ?fhgr occ\?du[rfe rng‘llle:%chr{)e a?hr}/ Eﬁ@g&ﬁ?‘ig é?ﬁﬁ)[ galsfooéalled “avalue”)
S T T AR, 3y s S T B s o

coIdI tIeSI on 1f1 occur tHe v I‘Irﬁl%[ §&hdld. is cl eared

Pt nP’(B‘f_dL RBASR M ‘OFHH no?her process" at

E(%]grgae E :%%alvgiclgﬁl e e %1 Ml{%fo{flﬁm@%oég@lé S First, a variable

var

Fisaif gtoemeihelafv@snssew%% e Rapt ey tyh'atncéease

i@{ | gﬂ 3%(59,\13 24 ageﬁ_gﬂqer]%eepr e tllge 1&9{ed}a%él§’ IafterS it 1spdetermmed for
0 et é%um@azp%gﬁg"bt@y“@cﬁgb eﬂgre%ena;«g%s@%?&o goued

vin
Eéla]:.rfgf er M v\gx g o&eﬁ Iagﬁéﬁlsée ﬁgdrlg I% 1able area o in the

W@Pé@ redy coI I | Si on is det erm ned approxi mat el y

Pt d| spI ay such as polygon m ssing, etc.
occurs when thﬁﬂylemp0|nt becones close to an object.
[01211 ACEST di g 'to the present enbodi nent, even in a

FSLb L@L: SWXVYBS@ tﬁ? Q/Qlu"él@toréc{ g—:let%f lv@ﬁatﬁt §fé|a%b’w‘m hfadﬁélghin)érease from

possI torraeteusersay

15 m)ﬁﬁ?%’mi\ﬁli\% it y%@ﬁﬂﬂldeﬁrtﬁ&ué %Bll%iotnu@ﬂl B¢bur %tll when the collision

i'ng ‘the screen display to blac out
actually occurs.

!

- [0119] Thereafter, simply, at step S414, the resulf obtained by blending the image
saved in the buffer area and the predetermined still image or moving image at a blending
ratio (1-o0):a is transferred to the VRAM area,

- 20 [0120] Generally, in a case where a collision is determined approximately, an
irregular display such as polygon missing, etc. occurs when the viewpoint becomes close
to an object.

[0121] According to the presént embodiment, even in a situation where such an
irregular display will highly probably occur, it is possible to make the user stay unaware

25 of such an irregular situation, by smoothly shifting the screen display to blackout,
whiteout, explosion animaﬁon, etc., without greatly complicating the calculations.

Embodiment 3



whi t eout, explosion animation, etc., without greatly
conplicating the cal culations. Enbodinent 3 25 [0122]
In the present enbodi nent, a case will be considered
where the object that is consj.dered to be going to
collide with the viewpoint is “stationary. For exanpl e,
this is such a case where the viewpoint is set on a
vehicle object and whet her or not the viewpoint wll

g@&gh der &y heé”?ﬁ%ﬁél?nﬁ{)d)ﬁ}%ﬁ{ S385 hi1Op@ cHRiderddSwhere the object that is

's case, It 1Is deterni ned
that,t

flﬂlés dgr %f [j)allae é%] ?Pgeer | O%QJ\R Slpotht & se@bharge Fe# bknible, this is

a case where the

gh%?%e Fe%/ { h\ezlezé}eor Sec%nste% oW 4 RbRclensbjddt! bbdlwhether or not the

he object, and at | east

=108
n "\‘Pg)g‘? B’g‘ Cﬂgldﬁor Hy Oé%é Kgor&g%'g{lhgg%va (133 cdifiendiol €

e sight line vector

5 t[ﬁgﬁd ugqulﬁ %(éael Ey?st ﬁétg%hﬁ 'ﬁ}a@% {ieWbirt 2d Eihe OBject will collide

ngl e sig I ne vector and the

\r(zglﬂ)g)g ! 1!1% HH%(&L ?hrFﬁ)é)l c&l Lyded, i.NeauRERIBE G5 NEKkkrS BE AR viewpoint

& or e by the velocity vector

S T 1 Woisifn o FHUGES B pERA) et v one of

(%e endi ng {i)ﬁ t he types and char acters of si mul atl ons
OWIPERCPHR e nbodi ment is applied, any desired one

Of t he Sev)eglF élgéltgt ecpbdy {h%znﬁ?rl—;h \%t:to'i' $ Bhelsi¥H® fine vector is included

condi t i or8 e conditions (a)

and are isfied, 20 (3) onIy the conditions (b
104n4 E%etwegﬁ FUAPRY, (4) onIy the conditions (c) gn%ﬂ

£ T T e B S ) oty v
Aheabll o prexetér'?rﬁng bhd gl Ghal s satisfied 25 is
(c) the angle formed by the velocity vector and the normal vector is included
in a predetermined third range
15 is satisfied.
[0124]  Specifically, depending on the types and characters of simulations to which
the embodiment is applied, any desired one of the seven patterns of
(1) all of these three conditions are satisfied,
(2) only the conditions (a) and (b) are satisfied,
20 (3) only the conditions (b) and (c) are satisfied,
| (4) only the conditions (c) and (a) are satisfied,
(5) only the condition (a) is satisfied,
(6) only the condition (b) is satisfied, and
(7) only the condition (c) is satisfied
25 is employed.
[0125] For example, in a case where the angle formed by the sight line vector and the

normal vector is close to 180 degrees and in a case where the sight line vector and the



[0125] For exanple, in a case where the angle forned
by the sight |line vector and the normal vector is
close to 180 degrees and in a case where the sight
line vector and the 26 veloci%y vector are in al nost
the sane direction (the f or med angle is close to O
degree), this corresponds to a situation that the
Vi ewpoi nt (or anot her object on which the viewpoint

s set) and the object are t.o hay . t0 0 d ,
¥IPFIYSYESHOT aFf il a\%gdsf fhe sags 1reicﬁ0{1 Et[hg fgxggégié %&6116: is close to 0 degree)

"collision" is determ ned 0126] or.di h 1 th
ﬁ?‘%§@ﬁ?5pé?ﬁﬁ%&? @ﬁ{t?at}?&ﬁlgt é%f |[Vi1esvf2podrl1n 5 c%uéxghl:'ﬂ% Blﬂe&t &n which the

predicted beforehand b ovi di ng, .condi 4 1iRS only .in thi
Hesopimbstiscabguiane SBephar 10 hoyag hi GHEIERRC, ThRMS iR only in this
appr opri ately sel ect et her to perform sl ow notian

2561 DRI ig A EENORSGw how the col |ision occurs in

5 %éﬂ_shem&cér%géo?(g ! I7§?r2i;‘ﬁ‘?%%g)r°ging%é; ovgzgi 8@?1?}&%?{%&% is predicted
fter it is deternined that | Li si i .
ot SR B AR B s e ot o
' dyced | th t it
:&g?rgg%?tgggsq%fgtww%t |t$in ?fléﬁn osi(g\lzj-moqll%% %%gﬁora%?tédnrfdgfd&% (s)how how the

i ffect like that = of a st t]
anlvismosrus preayrAL FProgf b Tieeng HERElds o

and notify to, the user that a collision will occur in
a sinpl e Grbpddmentts [0128] Specifically, after it is

1o TFkER™ nBthe prest o< E et PEFGmiRlP BHE i wil occur,
il i08 GBAEFOSs TRKBGBRET ool OB A TAErouE Prdfed longer than
i RO e i e e s s S T afie G an offect ke tht
rotayuanaspos 1 pEapeoq sy SR RRE AERURRGN oceucs and noty o
S SRS AR, e R 21

Db = P 5Ll a9 s ocuion o
2{]1%%6?4 o?xhat&ohnein}/oatrhie %kagr Hefond tﬂe%ré%%@h%gl @8 bufter sre&to 'Fhe VRAM

area are made to occur less frequently.
[0129] The less frequency method can be used by securing a new variable area s in
the RAM 103.

20 [0130] Suppose that a constant parameter indicating a reduced frequency is E (E>A).
The larger E is, the larger the interval becomes.
[0131] First, immediately after step S411, i.e., immediately after it is determined for
the first time that a collision will occur, the variable area s is cleared to 0.
[0132] Further, at step S404, the variable area s is updated as

25 s < stA.

[0133] Further, the process of producing an image into the buffer area at step S406

and the process of transferring from the buffer area to the VRAM area at step S414 are



[0133] Further, the process of producing an inmage into
the buffer area at step S406 and the process of
transferring fromthe buffer area to the VRAM area at
step S414 are 27 perfornmed oLty in a case where s E
is established. In a case wheie these are perforned,
the variable area is updated as s F- s-E, at between
step S414 and step S415. 5 [0134] OQther than this, as
d | | ar i Bsedf1@Re thest hre performed,
PesrPE g"Ié'hgsﬁgfé&ﬁ%ﬂeé%pl?lzs;éé%@%e\ghelﬁﬁgt sets s<- t P
rmedl teI nés%ri Jep 5411, i.e., inmediately after
Viméla %?Ier ortheflrst time that a collision

will occur, kes no update at step S404, and perforns
i mage prd dduétron into 10 the buffer area and the

Fﬁrqag“slgeer%t%ﬁsr]aélg@éy@rga only in a case where t-s >_

nd in a case where these are

F T Gyt RariatieEreals, it is al
5 g@‘@\%gen gmé qu%htil? a%gg eﬁ{dd ﬁl@h@?{%\?ésé]uﬁs‘%s tﬁed egl;l:?l 4 Cei: it is also

abmlj?j% %@{%ig hsctm%q %{Son it is possible to greatly

annun cal cul ati ons of various kinds
necessar¥ Sr the screen display when a collision is
in near and to use the calculation tine of the

5 f]flggetl ﬁer s1tt SE4 A ?geﬁrﬁ?édlgase%éé] it ENRtRAGTANbr the first time that

A e prror on Japanese Pat ent

ﬁgh}sc at ﬁg%c aqgg'ngi%??gté at bt Sﬁé’ﬂtaﬁﬁgeﬁﬁnﬁw‘inﬁgelp‘ioduﬁlon into

nin entl ustri al

10 ﬁgepk)pl aglflrlglgt Z%E Ols{el’)r%Asth WW%aa?xQYQn PEERI Ah&@ t-s > E is

I's possible"to provide a

glﬁ%‘?]b%%fl,aq:gl ip aﬁfl & wﬁ‘é{'e ﬂ%sgg}e&%gfoﬁﬂé& %ghﬁei @k variable area s as

ocessing di's case where it
IS expect ed |]_31 t hr ee-di nensi onal graphi cs displ ay,
t hat aV|evvp0|nt will collide with an object, and a

Ee?g%wegns Q?Pla?d z Qigtion recording medi um storing

or rea I'ng these on a conputer, and the

ggﬁ%ﬁam a’%g g%sicﬁgﬁf)%o\(/etlg‘}eﬁﬁn% 9to§5n(2§fi‘1|c g@k gﬁsdsi:blé &ﬁgﬂe@tly reduce the
Va{ngc}ulill? f czﬁallﬁﬁyns of various kinds necessary for the screen display when a collision
is in near future, and to use the calculation time of the CPU 101 for other processes.
[0136] The present application claims priority based on Japanese Patent Application
No 2004-163825, the content of which is incorporated herein in its entirety. |

Industrial Applicability

20 [0137] As explained above, according to the present invention, it is possible to
provide a display and a displaying method suitable for appropriately processing display in
a case where it is expected, in three-dimensional graphics display, that a viewpoint will
collide with an object, and a computer-readable information recording medium storing a
‘program for realizing these on a computer, and the program, and to apply these to

25 realizing a racing game or an action game in a game device, and to virtual reality

techniques for providing virtual experiences of various types.



techni ques for providing virtual experiences of
various types. 28 CLAIMS [1] A display (201),
conprising: a storage unit (202) which stores

coordi nates of an object and ayyi ewpoint arranged in
a virtual three-dinensional space, and a sight line,
vector representing a sight line along 5 which the
virtual three-dinmensional space is observed fromthe
Vi ewpoi nt; an associ ati ng un@EAﬁ@QB) whi ch associ at es
atinme (hereinafter referred to as "virtual. time") in

([hri W Aikp&Y (1015, 88nPriIRRS| onal space with a tinme

herelnafter referred to as "real time") in a rea

wor | d sRRER Wt @85 WhikE IRk& bRBAhSTH O IRRE bRt vie d
MoV nS un|t %4%| ch obtains |C§OSItI or?ﬁs)&of t?ﬁ‘é wpoint arrange

v\ﬁ 'ﬁgeé Bﬁnéﬂsﬁ)\ﬂﬁpép%e 2Rd adighl AnSV&@r repragenBh®ABight line along

e virtual thrée-di mensional space is obseérved

5 fvl}lﬁgﬂ M@evu\f%aq WREE A medstbrial§akt [dRbrvED i88r i RRAGoRAA!

“space at the associated virtual time, and updates the

coor gj) lﬁ?stogﬁuﬂ% uhi B2 @Y ﬁe&latb@a Mm%\q@é}emfteﬁeféntea ;?o as “virtual

S|ght I ne vector stored in said storage unit (202

thrR QMM AL PasP bR tiRO AR rdiRafRARTeS& @ as “real

|
pre tern1neJ¥up date period,” 15 an image representing

i Ztu?a 9%31 waﬂd%%% eRf g%%ﬁ@dfubeﬁb B! ewpoi nt

I rection sight line veCtor in the

V' r t g+ \Hﬁ%eﬁﬁi gi(ﬂ? Qb AR PAGS s JE R o?bzcs& Qh@fh:édnewpomt and a

virtu d"a determ nation unit

10 %?%lﬁ ik Qﬁﬁ V oflf‘ﬁl'é Virtud] Hred- Bﬁnéﬂs%ﬂﬂpdpﬁée ﬁ"b@sérb&l from the viewpoint

obj ect MA| I de before a threshol'd period in the

h M Aktub b RE: HinBRASH 2 9 ce 2P AL s 8BRS EArtuAQingd, AR updates the

current tinme in the virtual three-di nensional space

(Lerghsad dahe [)ﬁ_]fegtr 4r29hd Gie@Pointl dnhitihe & M'lfx{e%htor stored in said storage
threshol d period”), fromthe coordlna%es of the

vigMpodyat . the coordinates of the object, and a
vel ocity vector representing a relative velocity

bet Weefispldy gV (209PRhith d@dplayséhceldh 84ch saldl frb@etarhiihdipbpdate perlod
t hr ee- dlnenS|onaI space, wherein the associ ating unit

15 (a%qg’)ag@?éﬁé‘éeﬁﬁ a ‘§‘ﬂa€‘b‘1§f€h@f)bj§@t%s bbdrvad frér Be Vik JEomt along a.
el apse of 25 the real tinmé such that they synchronize -

VditddtisReHRt llH@%étortlﬁftHé Girtuhl thfeelBin@hdIbME Ipdcb at the associated
the viewpoint” and the object will collide within the
v%hhgqhnaQﬁgshold period, and
a determination unit (206) which determines whether or not the viewpoint and the
object will collide before a threshold period in the Qirtual three-dimensional space elapses
20 since a current time in the virtual three-dimensional space (hereinafter referred to as
“within a virtual threshold period”), from the coordinates of the viewpoint, the
coordinates of the object, and a velocity vector representing a relative velocity between
the viewpoint and the object in the virtual three-dimensional space,
wherein the associating unit (203) associates elapse of the virtual time with elapse of
25 the real time such that they synchronize with each other until before it is determined that

the viewpoint and the object will collide within the virtual threshold period, and

associates them such that the elapse of the virtual time is slower than the elapse of the real



associ ates them such that the el apse of the virtua
time is slower than the elapse of the real 29 tine
after it is determned that a collision will occur.
[2] The display (201) accordimgyto claim1, wherein:
said storage unit (202) further stores a normal vector
which is orthogonal to an external surface of the
object; and 5 in a case where the object is stationary

nd 4¥for Vi 6 HbRbminBa 88 deomRhanalocsRace, sai d
determination unit (206) determ nes that the viewpoint

320 trheanblagqho kol Rinklt hin the virt ual
threshol d” pério in a case where a route taken by the

Vi eWR@kRin: ‘é’hﬂd@'td}aéé”'ﬁnt 1) f\‘.@ﬂhelt H6RS Q‘ﬁbﬂnﬂafebt‘éﬁl which is orthogonal
intersects the object, and at |east any one of

ft9hh e¥ehAA gﬁmbfofgﬁ%bfe%) 48 angle formed by the nornal
vector and the sight Tine vector is included in a 10

5 predgf gichicnNGHedt ithS bhjcang %tatx()QAryEiH RN UirQiaf Ofr&RGintNsibh8 space, said |
S|ght 'ine vector and the veloCity vector is included

'd&te@m dﬁh@ﬁ! ShR(TOHeR SRR AhAARY Oievpdtht (Bd tRN0BIB&!Will collide within

formed by the veI00|ty vector and the normal vector is

e lvgﬁﬁij dH:Qs[h%ld ?_ LESEGR rar@a@@ QVHeFE' E‘iioﬁt@riﬂgenlb@ tt® viewpoint within the

satl he display (201) according to claiml1,

Wigh £ 'ﬂﬁeﬁf'&'ldjg Hh@’seh’@'tﬁe §B0R) arflll &t BdRY syl d1R JTHAWIGRE conditions

[ ITng an eterm ned novi ng 1 nmage or a

pr edgé)?:tl@r{é?éjf(ﬁﬁ'eh hy 'tH@Q@m’?@M \)%Et%? %ﬁ@%e‘"ﬁgﬁtﬁ?ﬂ@ vééf&r?ﬁ ]mcluded in a

m ned at a collision will occur.

ol Vi according to claiml1, wherein after
B?@d rgﬂ%é'i‘l ugﬁlggée

erm that a collision will occur, the

' d' Spl(@y Vﬁ%@ﬁ& byREE §ighiBndiRirandie V@i%bﬂﬂ}gvéb?or is included in a

|nterv i rages "to be di splayed are “produced

I&&g@gﬂﬁ@r&egmmpg Qhg it is determned that a
collision wll occur. [5] A displaying nethod

I VOl d0ani3€ fétined 15t Plea@fociti Fecto? and ahél ninkd] agetorid included in a
storing coordinates of an object and a vi ewpoi nt

q{rE&Mﬁﬂnédﬂhﬁd réﬁg@t ual three-di nensional space, a
sight line vector representing a sight |ine along
15Vibs&iified.
[3] The display (201) according to claim 1,
wherein said display unit (205) displays the produced image and a predetermined
moving image or a predetermined still image by crossfading them, after it is determined
that a ;ollision will occur.
- 20 [4] The display (201) according to claim 1,
wherein after it is determined that a collision will occur, the display unit (205)
performs display by making an interval at which images to be displayed are produced
longer than that before it is determined that a collision will occur.
[5] A displaying method involving use of a storage unit,
25 said storage unit storing coordinates of an objecf and a viewpoint arranged in a

virtual three-dimensional space, a sight line vector representing a sight line along which

the virtual three-dimensional space is observed from the viewpoint, and velocity vectors



the virtual three-dinensional space is observed from
the viewpoint, and velocity vectors 30 representing
velocities at which the object and the viewpoi nt nove
in the virtual three-dinensiofpl space, said

di spl ayi ng method conprising: an associating step of
associating a tine (hereinafter referred to as
"virtual time") in 5 the virtual three-dinensiona

‘?&ﬁ%%fl%%belécﬁlbm V(Iﬁ]@ﬁ ﬁie%jetcﬁﬁncf Bk idvifdidtIna® in HAirtual

real world once in each predeterm ned
mﬁg Qg&bgp nDV|ng step of obtaining positions of
e

ect an ie vi ewpoi nt and a sight line along
whlcguggg %gﬁ%qﬁ&hgggﬁﬁ 1H@nsmnal space i s observed
fromt 0 olnt 1In t virtual three-dinensiona

spacgy gl Q&Qﬁn§§t§$8f ﬁsgga%t“{dg' 4 iRk éﬁér@iﬁaﬂ&r}gfeﬂ@g% hd¥e/ifg time™) in

10 coor di nat o Ject and the viewpoint and the -

3 {tubl tﬂfeevcﬁﬁite%l?&% 9% viith S&ind (RrGnAG& reféfiell to & “real time”) in a
Isplayi ng step o pl ayi ng, ornce in each said

Eﬁ%&lcﬂﬁfck?Igeacﬁg)éé{%ﬁnnédelfﬂdﬁt%eﬂ%hbﬂg a state of the

| ect as observ the “vi ewpoi nt al ong a

dir eg%ﬁ%&eﬂ Qp?btﬁ’lhﬂ% epolsftfaﬁs YEHE bjebNarddNBe Vie’i’\lpﬁﬁit and a sight line

thre I'ona at the aSSOCIated vi rt ual

ta'l({%ovtv ﬂtﬂeﬁxlﬁuﬂqﬁl% @uﬂgﬁbﬂﬁﬁ] g;gdc@is cqﬁ&%édrﬁﬂhf‘ﬁe WRR¥PaRt in the

e viewpol nt an ] ect l'ide

R 0d18nBe WL &R ap gﬂ@é hﬂﬂ h&o&ﬁ%d‘@xﬁ'ﬂ @ﬁne and updating the

three- nens ace e apses since a current tine

10 'ré%f)Hfﬁatééé (%fttH@BbJ%:araﬁg il FRABLANAN] BE3ht IAEV&IdAtded i 3n said storage

ererre 0 as in a Irtual threshold period"
frgmn the coordinates of the viewoint, the coordinates
of the object, and a velocity vector representing a

rel atald\{s%rl] . é)ﬁéﬁ 4 &g;%lﬂ?ﬁg JRE iY LRWRRIANIp 83 Peridd, dnhifage

object [ e virtu hriee- di nensi onal space, wherern

$5e4¢ 8f the BbRIER otRERABE Brof the RRewolint WRingtal diR f th
ng%%%a ge of the regk tI%E areoaSSOC|gﬁgdtsugﬁathafuono e

ggg?&é I R‘/Q(E}Bloﬁﬂ th€ vﬁ’flfahtlﬁékcﬁln%ﬁﬁﬁal%ﬂﬁdd at BRf RERidtéd Vistual time; and

rmne t he viewpoint and the object wil

y5¢col | iaqfété%ﬁrhh E%f Mit ki ngt i @B O doPBE vRSvpoaft@nd fiRYobject will

are aSSOCIat uch that the el apse of the virtua

édﬁ‘?dé ﬁef@ﬂe%\’i’ﬁfesﬁ(ﬁa'ﬂeﬁa@ 1neﬂh@9ﬁ'ﬁla9{hréé'3@irr{eﬁ§bnéll sPEce efdpses since a

ter it is determined that a collision will occur.

Vﬁ%rg;ﬁt g@%g&g%ﬁ%g@g%ﬁ%r&lfﬁsﬂﬂﬁwa@@ (HeBSRAfEHr RéfeBdiolA “within a
virtual threshold period”), from the coordinates of the viewpoint, the coordinates of the -
object, and a velocity vector representing a relative velocity between the viewpoint and

20 the object in the virtual three-dimensional space, |

wherein at said associating step, elapse of the virtual time and elapse of the real time
are associated such that they synchronize with each.other until before it is determined that
the_.viewpoint and the object will collide within the virtual threshold period, and they are
associated such that the elapse of the virtual time is slower than the elapse of the real time

25 after it is determined that a collision will occur.
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a determination unit (206) which determines whether or not the viewpoint and the
object will collide before a threshold period in the virtual three-dimensional space elapses
20 since a current time in the virtual three-dimensional space (hereinafter referred to as
“within a virtual threshold period”), from the coordinates of the viewpoint, the
coordinates of the object, and a velocity vector representing a relative velocity between
the viewpoint and the object in the virtual three-dimensional space,
wherein in said computer, the associating unit (203) associates elapse of the virtual
25 time with elapse of the real time such that they synchronize with each other until before it
is determined that the viewpoint and the object will collide within the virtual threshold

period, and associates them such that the elapse of the virtual time is slower than the
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20 a determination unit (206) which determines whether or not the viewpoint and the
object will collide before a threshold period in the virtual three-dimensional space elapses
since a current time in ﬂle virtual three-dimensional space (hereinafter referred to as
“within a virtual threshold period”), from the coordinates of the viewpoint, the
coordinates of the object, and a velocity vector representing a relative velocity between
25 the viewpoint and the object in the virtual three-dimensional space,

wherein in said computer, the associating unit (203) associates elapse of the virtual

time with elapse of the real time such that they synchronize with each other until before it



time with el apse of the real tine such that they
synchroni ze with each other until before it 33 is
deternmined that the viewpoint and the object wll
collide within the virtual thrgshold period, and
associ ates them such that the apse of the virtual
time is slower than the elapse of the real tine after
it is determned that a collision will occur.

is determined that the viewpoint and the object will collide within the virtual threshold
period, and associates them such that the elapse of the virtual time is slower than the

elapse of the real time after it is determined that a collision will occur.



