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| DESCRIPTION DISPLAY, DISPLAYING METHOD. INFORMATION
RECORDING MEDIUM, AND PROGRAM 5 Technical Field [0001] The
present invention relates to 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 10 information recording medium storing
a program for realizing these on a computer, and the program.
Background Art [0002] Conventippaltyp guglyiechniques have been
proposed, where a. plurality of objects are placed in a virtual
three-dimensional space, and with elapse of time in the 15 virtual
three-dimensional space taken into consideration, these objects are
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simulations and to display, by thr?)?ggdt[%emonal 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 20 three-dimensional space ikohsenv&itRlong with the elapse of time,

and such techniques typically include one that sets a viewpoint on any of
tHRISbjects! Bnarseas! thacsigt Iicalo iy ivhiehanbatRisiadira epeienshuitable for
space is gbserved in a direction in which the set object. mpves, or one
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objects. The literature indicated below discloses a technique whic
oétectsiarcolisidingbetdiesnohatecietsitna fdhred:dilpensionab gampuis, and
real time. Patent Literature 1: Unexamined Japanese Patent Application
RORAFPIblication No. 1111-197357.

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] In such simulations, it is necessary to consider the collisions between the
objects. The literature indicated below discloses a technique which detects a collision
between characters in a three-dimensional game, in real time.

Patent Literature 1: Unexamined Japanese Patent Application KOKAI
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[0004] Conventionally, in screen display for such a collision, it has been
considered necessary to perform processes in real time, by synchronizing
the elapse of time in the virtual three-dimensional space and the elapse

of time in the real world 5 [0005] However, particularly, in a case where

the shapes of the objects are varied or Zhere are a large number of
objects; the calculations become complicated and enormous if the
calculations consist in accurately detecting the collision and accurately
cqloslatingthermaygments of the objects at the time of collision, and thus
such calculations have been. virtually impossible in some cases. 10
[©008] On thenotheshipdinkthe:cdiipian detacion amditneioieeksn considered
movements at the time of collision are calculated approximately, a
S6ceainan MRSIVigER Prissise ored tosebwisadmipossiblhsitlrationt(fone in the
%%(E?ngptlgfeter_]& r\Illievv.poi]% enterin&; the inside of an object having no hollow,
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RICE: SRR
technique is demanded, which appropriately processes %e;%ag/ecat t%:éewlrle o

time: ofestithga cotlistonf abddaqtifiesdiel eallisipsttenthe w$Bkacadnd enormous if
easy-to-understand manner. [00()g j The present invention was made to

Senviel e tpisvenrias dribedlnioblaniceing div @b ishiestdhtherpréseniculating the

invention is {0 provide a d(h?pl,afg and a}di,splayin method suitable for
T

ABPrOprtely Procisdint ishiE i o HaSR Witk -Bpisctatons have been

t@{gﬁagj lopal; graphicg display, that a viewpoint will collide with an
object, and a computer-readable information recording medium storing a

peogsam foDrehlizihgrthese dha campsiakanidnthel PReGHE: 2T MeRfdsts at the
for Solving the Problem [0009] To achieve the above object, the following

i isaliiipherdicdiobted apeondinge thepenbiploofytve prasegt’ or an
i& 1gntiion.1 OOlO%)S(A (iiisgl,ay ccording to a first aspect of the %ref_se.nt _
MVEHYISH EERSHES S RHpy 598 TRATR IR HSSHeHRME FaiFr maiBy g dnft & object
QQ@@%@H@IW @tg?@mg{@ﬂlymgplayed screen might be unnatural.
Disclosure of Invention
Problem to be Solved by the Invention
[0007] Hence, such a technique is demanded, which appropriately 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 problem, and an
object of the present invention is 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.
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.



which are configured as follows. [001 1 ] That is, the storage unit stores
coordinates of an object and a viewpoint 5 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 represehting velocities at which the object
and the viewpoint move in the virtual three-dimensional space. [0012]
Typically. the initial values of these values are recorded on a recording 10

mediym SUﬁ@@ﬁl@y@&@fﬁ%@fﬂg%%%{s@ﬂlﬁ Ig%&%&ﬁ%%%ﬂl}{ Menmy @9 h

N
etc., and these values are copied into a RAM (Random Access Memory)
otergewritablevecordingnnediumirAndithese Malues aredpdatechWhere unit,
necessary, as will be described later. [0013] Meanwhile, the associating
Oritch<us cpitBguctimeloierginafter referred to as "virtual time") in the

' threg;dimensional space with a time (hereinafter referred to 15
10HE tiner} '3 FAAT WSHA BHER RS SeR PRIa B AR i HeBnt

5 [QekALWhare the wndate Reriodis g.qanstanptv ﬂ%%&mc%&gg@éégﬁqe@ng%%?ggﬁme

t 4- t+A (where "e-" means substitution or value update), a

assucietion thetireen thhe-@aldinentasnddhe vistualdmem iBReShRIMDYd

like 20 u = t+C by using a. constant value C. In this case, the state of the
VirtOSF YRS RSB STOM AR SisiRBLSTi DB B Hhaybikin sedhimésvArstordig: in the
toILEh, resent invention, this association is changed, as will be described
I&e??‘[@ﬁi%ﬁ%%%lé)ﬁ %%’?%%ving unit obtains positions of the object and

Mipwpointangl, 2iaisight ling.alonguhigh,the virkal ihres-dimensional
ts.ﬂarigacejais oc:)uesyerve fromlthe view%oint in the virtualil three-?jzlirﬁlér?sr%r?gmg
10 spaitenatibieassbsinxauirizkiimey andilvpdatesdheanordinaigs, efthend

object and the viewpoint, and the sight line vector stored in 4 the storage

(hiite [oB4B] Aoterisat Bre B e Revdosirtesnts tMerobjecomayvbitable recording

i other
%%H%’Pn?ry grrf(? tﬁége vebl%es are updated where necessary, as will be described later.

[0013] Meanwhile, the associating unit associates a time (hereinafter referred to as
“virtual time”) in the virtual three-dimensional space with a time (hereinafter referred to
15 as “real time™) in a real world once in each predetermined update period.
[0014] Where the update period is a constant value A, updating is done as
tt+A
(where “<-" means substitution or value 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
will 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 a sight line along which the virtual three-dimensional space is observed from the
viewpoint 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



may be stationary. 1?or example, in a case where the present display is
applied to a racing game, it is possible to make a vehicle object, which
moves together with the 5 viewpoint, move in the virtua |
three-dimensional space along with the elapse of the virtual time, while
making the road surface on which the wehicle runs and objects such as a
building, a wall, etc. that are placed on the road surface stand still in the
virtual three-dimensional space. [0017] Typically, information such as
Yﬁlo itﬁ/l velcr'ggrs, etc. of the object and 10 viewpoint, and information

re%ﬁé%eﬁ?ihg various conditions of constraint on the object and viewpoint

(foviexamples @ GrRY it %mlwpéﬁt%@[ﬂé‘hﬂ?&ﬂﬁ%fﬁp ék%ﬁcaﬁgﬁy Afthe other
linked together and cannot be separated. etc.) are also stored in"the
stoydgesatiitnay thabtheaagteleratiosemayr-benopiairediftpmythavaiioues a
conditions of constraints on the object, the velocity may be obtained from

fRe B BRRsalisT At e pukitianahiale bbiettaihech frones B ghierelotitine
T e ek e

cas |sfngﬁl%alne as the differéen _ _ ;
ataninassasiateliand. hacial Ime b s ageecialed Immedately,
before. In a case where the real time and the virtual time go t roudﬁ the
sdmiélelapseds destribed phoxeothisdiffieraneedisthel 20 constantyalue

A. [0019] In this manner, the position r(u) of the object, the position c(u) of
theeedERpsipnabRithe sight line vector d(u) in the virtual

-di sional space at the virtual time u associated with the current
T are CHBIAE. TTCTALE SHE ARBTG5 PoqitehP R
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the predetermined update period, ‘an image representing a state of tt
objepvias Ghsemedifranriheyiewnoiad, alopgangditeation 4fhe gk inginked

vector in the virtual three-dimensional space at the associated 5 virtual
rggther and cannot be separated, etc.) are also stored in the storage unit, so that the
acceleration may be obtained from the various conditions of constraints on the object, the
velocity may be obtained from the acceleration, and the position may be obtained from
the velocity.

[0018] The elapse of time in the virtual three-dimensional space in this case is
obtained as the difference between the virtual time u which is currently associated, and
the virtual 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
constant value A.

[0019] In this manner, the position r(u) of the object, the position c(u) of the
viewpoint, and 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.

[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



[0021] Typically, the update period A is the vertical synchronization period
(for example; about 1/60 second in case of an ordinary television set) of
the screen. | lencc, when an image is displayed at each this update
period, the state of the object is displayed 5 on the screen as animations.
[0022] Meanwhile, the determination urgt 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 the virtual
tﬂ%eiq;%\gnsional space (hereinafter referred to as "within a virtual
thresho period"), from the coordinates of the viewpoint, the 10

¢oor ‘Dlj nates@fitha0 %%@ﬁ@@ﬂ&i%'ﬁ’ HECIOL FGPIGSENINI A S8 &?etx%% (for
velocity between the viewpoint and the object in the virtual
thverpdimbosionsl space.if0023)Theodditerninriononere) may.chesk thetence,
collision between the objects accurately, or may use an approximating

HiBERAEE Begrstidiwirirfrhtart iratie netiofodruitae etsrobject is displayed

anima

5 \%v%;ﬁlg%gpatlng methgggé in a case where the object is stationary like 15 a

or a builc ing, 1t'Is possible to use a technique where a velocity vector
YQU)Zﬂeprem%%'ﬁi@ta(&e%lggﬂwﬂ%&p@@ﬁgiﬁ@%ﬂ%ﬂ(&%ﬁ%t%g\/@@moint
use of a length P of the virtual threshold period, the difference betweena
vedtbr Pyias) anld @Veketbefi(u)aatuystepigseniing the autrenkrelatiMensional space
positional relationship 20 between both the parties is within a
GRTEISHISHR QAR AITe 02 S1or vk thise-disesonsianabsoie Sssoiftesteferred to

lapse of the virtual time with elapse of the rea| time such that they
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25 associates them such that the elapse of the virtual time is slower than
the etagsenohthielreab;tina afteviitiis deteriinedsthatl apeelision will occur.
0026] That is, in a case where it is turned out that the viewpoint and the
&a@ﬁééﬂ will 6PeSFgEn AR BRAtRRY Hhedirtbatehisiondid periole tecas
%80%%%89,%3[ rtxtfaeyalissg%?lig}t)i}g%xl{rwztxting method as disclosed in [Patent Literature 1].
[0024] As other approximating methods, in a case where the object is stationary like
a wall or a building, it is possible to use a technique where a velocity vector v(u)
representing a relative velocity is obtained, and thereafter, with the use of a length P of
the virtual threshold period, the difference between

a vector Pv(u) and

a vector r(u)-c(u) representing the current relative positional relationship
between both the parties
is within a predetermined range.
[0025] Further, the associating unit associates elapse 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
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 s, in a case where it is turned out that the viewpoint and the object will
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is changed. For exarnple, before it is turned out that a collision will occur,
they are updated as tit+A; 5 u*-u+A to make an association which
satisfies a relationship n = t;-C. while after it is turned out that a collision
will occur, they are updated as t F t+A; 10 a ~- u-B by using a constant
value B (B<A). The association betweeg the real time t and the virtual
time u is made by such updating. [0027] Due to this. after it is turned out
that a collision will occur. the animation display on the screen seem as if it

are repro uced.i in ow motj Cihecéll on 15 actu IIy ccurs.
002 /Ecgourr((jlnwét glshlé: \Ff)trréus efzp 1I%§\rl}en NETTO S]po% gcmx tf8nn ctésmgxatmg) unit

userthauit igHetermined.that the LYIE%WCPQWRM{U Iac&lﬂg?otﬁv&hltﬂggcgp ng%&' e

future, by slowing down the elapse of time in the virtual three-dimensional
spaeedmd making the screen display in slow motion display. 20 [0029]
Further, in the display according to the present invention, the storage unit
may Wlthet"§tdt*é\a normal vector which is orthogonal to an external
smrace of the object, and in a case where the object is stationary in the
virtual three-dimensional space, the determination unit may determine

hahike Mawpeiniandhe ohigrlwilkeallide,yithin the virtual threshold

period, in a case where a route taken by the viewpoint within the virtual 25
threshold periotlintersects the object, and at least any one of following
conditions (a) an angle formed by the normal vector and the sight line

vadterisidtitoeeedyd Prédeetinivr il serandgecyiarahtehate formed

by the &ghg(h_naxgactor and the, velocity vector is included

u <« utB
by using a constant value B (B<A). The association between the real time t and the
virtual time u is made by such updating.
[0027] Due to this, after it is turned out that a collision will occur, the animation
display on the screen seem as if it were reproduced in slow motion until the collision
actually occurs.
[0028] According to the present invention, it is possible to notify to the user that it is
determined that the viewpoint will collide with the object in future, by slowing down the
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,



in a predetermined second range, and (c) an angle formed by the velocity
vector and the normal vector is included in a predetermined third range 5
is satisfied. [0030] it is possible to employ any desired one from the
combinations of the conditions (a), (b), and (c). For example, in a case
where the angle formed by the sight ling vector and the normal vector is
close to 180 degrees and in a case where the sight line vector and the
velocity vector are in almost the same direction (the formed angle is close
10 to O deg 3egl,] t}fglishc?rres‘ﬁ%qqﬁto. s'btuatign that the viewpoint (or
another object 0f Which the Wiewpomntid Setf AN bjalacie e have apuded
headseacolisien <«[0031 hAGCQLging to the present invention, how a
collision occurs is predicte&’ beforehand by providing such conditions as
described abpwe asgdtfatitehay e pessitievtetanpopiateMselector is included
whether to perform slow-motion reproduction or to show how the 15
colfdiEHIGeERs ftiAd 1988Mal reproduction, according to the prediction.

5 [Q;OSB%LEC%rther, in the display according to the present invention, the
disp?lay unit may display the produced image and a. predetermined
b0 imag ghaipredalrimioed, sillimage By crassiading e alter
is determined that a collision will occur. [003 3] For example, crossfading
withdétinudl (eladk. still imag e witl-malke: an aciseating. 20 disalasowhighy the sioht
combines slow motion and blackout, while crossfading, with a full white
difsrverger Wil Harersd aisrivatio Al elispralB ket comBines slmwination sttt line
whiteout. thell' than this, in <':1.calslneX where the gbject is broken, gas or

i IS Bt o e SElE R8T 1hs SERECHERBRUERS AR thwele is close
10 GRliSIeRQGCHES c&ﬁ%ﬁ&%ﬁm with,an.animaio Oﬁe%%%% l;cbroélr\llb gegho%]%tc?t(% which
of these may be employed. 25 [00341 Generally, in a case where a
dbiligienrisidatewyinettiappbixinatelyhanr dnegubardisklay. such as
pol aon missing, etc. occurs when the viewpoint becomes close to an
dBﬁé f 8 [Comsinedp e tecthénprasent inventidtisieverdnraisituationd
here suchan . . .
WOk eng by providing such conditions as described above, so that it may be possible to
appropriately select whether to perform slow-motion reproduction or to show how the
15 collision occurs in the normal reproduction, according to the prediction.
[0032] Further, in the display according to the present invention, the display unit
may display the produced image and a predetermined moving image or a predetermined
still image by crossfading them, after it is determined that a collision will occur.
[0033] For example, crossfading with a full black still image will make an animation
20 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 may be employed.
25 10034 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.



irregular display will highly probably occur, it is possible to make the user
stay unaware of such an irregular situation, by smoothly shifting the
screen display to blackout, whiteout, explosion animation, etc., without
greatly complicating the calculations. 5 [0036] Further, in the display
according to the present invention, aftegit is determined that a collision
will occur, the display unit may perform display by making an interval at
which images to be displayed are produced longer than that before it is
mined,that a collision will occur, [0037] According to the present
S o, e e e e A & il ALt 81 BBl e

ihvention, since

ke that ' e animatign display until before the
o B Lo T B S e
wiannenn [@038hAsdisplaying meihad aprording ieaaethen aspeskefdhe
present invention controls a display comprising a storage unit, an
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rranged in a vir ar’?ﬁgﬂ%%‘?'}ﬁf;%g@é}rﬁsﬁlj%ﬁﬁéi%ﬁ pr it is
(eRERRERInG 2. St e NG WIS AR ITAL NS AImensional SPAgE. .
is observed from the viewpoint, and velocity vecto g representin
veloeities abishiet ghe oljedtsprgdheviewpaind 0eMe Nath8ayibtYale it is
three-dimensional space. The displaying method comprises an
dekopimsAdhate gobivnmviviy eeep: a displaying step, and a determining

which,are configured as 20 follows. [0039] That is, at the associating

57 e 2a5 il il S5O i S RSRANSE FERe: ot e it s

T 'E,Qil@lu{mﬁ'\'/)eiﬁht@ﬁeﬂq%lt tecg'g ?%b(ffgﬁléggg ﬁ Wnilta i%ntci{irs]ela}{l until before

hereinafter referred to as "real time") in a. real world once in eac

predelitsiminedutpdateofieyiedh2940040] MeaRwhilei B g QYR EISRnner.

the moving unit obtains positions of the object and the viewpoint and a

siyiline afbAgriAicn thetduat ehibw-tinenistonsispatéidsekservedntion

from the \éievxfgoint in the virtual three-dimensional space at the associated
e

OV R UPEAteS thid ESorinAtels B tHESBRE A tie Vidwpeinkiay

virtua
@Hﬁi, the St IR ation unit. The storage unit stores coordinates of an object 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 representing velocities at which the object and the viewpoint move in
the virtual three-dimensional space. The displaying method comprises an associating
step, a moving step, a displaying step, and a determining step, which are configured as
follows.
[0039] That is, at the associating step, the associating unit associates a time
(hereinafter referred to as “virtual time™) in the virtual three-dimensional space with a
time (hereinafter referred to as “real time”) in a real world once in each predetermined
update period.
[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



vector stored in the storage unit. [0041] Further, at the displaying step, the
display unit displays, once in each the update period, an image
representing a state of the object as observed from the viewpoint 5 along
a direction of the sight line vector in the virtual three-dimensional space at
the associated virtual time. [0042] Meanwhile, at the determining step, the
determination unit 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 the virtual 10 three-dimensional
sﬁﬁ‘é@ 'H%’r"e?ﬁ%lf%@?C%fge‘r%%ao%‘}i@%&iﬁﬁﬂ]s HTAF T SR BebEn, Uirotight line
the eeardinpieselibgyiqypoint, the coordinates of the object, and a.
velocity vector representing a relative velocity between the viewpoint and
tHeolject ifuthiscviruat dhigeytimensionalispacai0QAgikyrsnes. AtiREg the
associating step, elapse of the virtual time and elapse of the 15 real time
arslafe sstidetndurre s aIestisgictinoniZéhwithiesics otherehfidbefareitimoint
determined that viewpopint and the object will collide within the virtual

5 RGO b, TRd 1oy e AR B e St Wt Bk sBHana
vigibahtinne;ig slower than the elapse of the real time after it is determined
that a collision will occur. [0044] A program according to another aspect of
te4esenMavention is tenfigurediROstercontmtasemptaniafunstianas
the above-described display, or to control a computer to perform the
AR Rgisbe drpIaiihe fiderridefooibtahiderogramtacsntiingiod e the
pr seﬂﬁgf\j/%riltion can be stored on a computer-readable information

g

ARG reait SRS KON SRR E e BE 1Bl VistHalrd disk, a

recordin

10 Magngia-aRtical 2%%@ eigitahvide disk, 3 magpeti '!:/?'IQue%

1 resho]c&lieriod”),
semiconductor memory, etc. [0046] The above-described prog 11 ram

cambkedistrithintect afichs olid whaia: CONEIBRTNERGA %%ﬁ'&'ﬂ, BRIMIQK ocity vector
independently from a computer on which the program is 10
representing a relative velocity between the viewpoint and the object in the virtual

three-dimensional space.
[0043] Further, at the associating step, elapse of the virtual time and elapse of the
15 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 after it is determined that a collision 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 computer
to perform the above-described displaying method.
[0045] The program according to the present invention can be stored on a
computer-readable information recording medium such as a compact disk, a flexible disk,
a hard disk, a magneto optical disk, a digital video disk, a magnetic tape, a semiconductor
25 memory, etc.
[0046] The above-described program can be distributed and sold via a computer

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



executed, Further, the above-described inforniation recording medium can
be distributed and sold independently from the computer. Eflcet of the
Invention [0047] According to the present invention, it is possible to
provide a display and a 5 displaying method suitable for appropriately
processing display in a case where it is;gxpected, 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. Brief Description of

[ 0] f |
Drawings 10 004 fRICS V1M1 BRCRBIERALSR TaraEt i raprbiihga be
sehemas sk ol MRIFAHORME. dRyigg.an which a display

according to one embodiment of the present invention is realized. [FIG.
21 It is an exemplary diagramstiewisigia sehematic structure of the

display according to one embodiment of the present invention. 15 [FIG. 3]
|EQ§‘%Y explhfrsipdiagrameshoviingna velationsiigohetweenide a display and a
T R
a flowchart showin Paying Hhetoaspaterniet
e s e e B g e
elfecnahhemony &/ dmagR preeessHobRitdle medium storing a program for
realizing these on a computer, and the program.
Brief Description of Drawings
10 [0048] [FIG. 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 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 space.
[FIG. 4] It is a flowchart showing the flow of control of a displaying method
performed by the display.
Explanation of Reference Numerals
20 10049] 100 game device
101 CPU
102 ROM
103 RAM
104 interface
25 105 controller

106 external memory

107 image processing unit



108 DVD-ROM

drive 109 NIC 110 audio processing unit 201 display 5

202 storage unit 203 associating unit 204 moving unit 205 display unit
206 determination unit 10 301 viewpoint 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 vagtor of the object 313 velocity
vector of the object 314 normal vector of the object 321 displacement
vector representing a relative position from the viewpoint to the object 20

322 velocity ye
the object@l8

est Mode

c]tsgw i elative velocity from the viewpoint to
r agﬁﬁhs%rlltmg ar y p
or

éim@}ing Out the Invention [0050] The

embodimentgofihe present invention will be explained below. _
Embodiments in which the present invention is applied to a game device
on which 28 threetdipreasianahgraphics are displayed will be explained
below in order to facilitate understanding. However. the present invention
can likewisé®Be %iﬁb‘lfi’éfd to information processing apparatuses such as

s computers ?62v

203
204
205
206
10 301
302
303

304

15 312

321

20 322

[0050] The

arious t)(EJes, PDAs (Personal Data 12
cun

storag it
associating unit
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
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15

20

25

Assistants), portable telephones, etc. That is, the embodiments to be
explained below are intended for explanation, not to limit the scope of the
present invention. Accordingly, though those having ordinary skill jr, the
art could employ embodiments in which each element or all the elements
of the present embodiments are replaced with 5 equivalents of those,
such embodiments will also be included in the scope of the present
invention. Embodiment 1 [0051] FICr. 1 is an explanatory diagram

showing, a schematic, structure of a typical game device on which a

o S R SRRl o i B g™ thebeagsplained below
fellowing,explanati illbe given with:refergnc is diagram. [0 SZéA .
game de\ﬁegg ?go g%?r#wpﬂr%ts%%’a%&Pl}g(géﬁf}aﬁlﬁrt%&gngpuﬂ%) fgis[mé(l% ROM™
10 0adRAM 103 Rmhinte Hadeg] O gontiolehk0s: an@xterpalyemements in
106, an image processing unit 107, a DVD-ROM drive 108, an NIC
(NBshGHCInstraeE oard) oglanentamatdioprecessihgdimitid Orel Gplaced with
[0053] By loading a DYD- OM storin\%, @ ave program and data onto the 7
DYBIROM drive 108 and iimiRg oh'th %Wéfrllﬂ? GdiBdgie o dbe present
the fregram will be executed and the display according to the present
embodiment will be realized. [0054] The CPU 101 controls the operation

of the entirégandidevice 100, and is connected to each element to

exchange control signals and data. Further, by using an 20 ALU

(Rfithetic Tl6git 9 pumanaseestding ane CPYME0L schenpeifomarithnietitpical
operatjons such as additign, subtr%ction, multiplication, division, etc.,

I6gical operationd “BicH RE R A AeRIAdA° RG] PUHERERbH  eakard.  The
NBIGHAN Sifaril APEIRILNS SHCR RS RiLAALIHoR it myltplication, bit

inversion, bit shift, bit rotation, etc. toward a storage area, or a register

(LdiRistrated sanbicbvaan be esepssed.ateLhighspeedofsthenthe 258, 2 RoM
CPU 101 itself may be designed to be able to rapidly perform saturate

dperaiBndslith as ingdiien! Glstertiodlemidfiplicaticraivisioneidltion image
el el ORI, VST BN SN2 o 10,
an audio processing unit 110.

[0053] By loading a DVD-ROM storing a game program and data onto the
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.

[0054] The CPU 101 controls the operation of the entire game device 100, and is
connected to each element to exchange control signals and data. Further, by using an
ALU (Arithmetic Logic Unit) (unillustrated), the CPU 101 can perform arithmetic
operations such as addition, subtraction, multiplication, division, etc., logical operations
such as logical addition, logical multiplication, logical negation, etc., bit operations such
as bit addition, bit multiplication, bit inversion, bit shift, bit rotation, etc. toward a storage
area, or a register (unillustrated), which can be accessed at a high speed. Further, the
CPU 101 itself may be designed to be able to rapidly perform saturate operations such as
addition, subtraction, multiplication, division, etc. for dealing with multimedia processes,

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



coprocessor. [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 program stored on the DVD-ROM to be read into the

RAM 103 and executed by the CPU 101. Further, 5 the ROM 102 stores a
program and various data for an operating system necessary for

controlling the operation of the entire game device 100. [0056] The RAM

103 is for temporarily storing data and programs, and retains the program
@gﬂ&%@&ead out from the DVD-ROM; and other data. necessary for

game proceedings and chat conmmunications. Further, the CPU 101
perfenms pragesses sugh 4328 %ﬁc‘lﬁﬁkﬂg(?ﬁi%%ri@lﬁﬁé{ﬁaﬂ%e{@&PRé%;0(§<ecuted
to work the ALU directly upon the value stored in the variable to perform
operationky; dtarte storing thewdlue storeddn shievRAMri@3dntherogram stored
register%)erforming operations toward the register, and writing back the

Sp R ORI the Thd ey he R AMDABT prhexesrigdherthos REnidcteburther,

5 G S O I L Pyt Pecessary for

user when playing a game such as aracing game, &t

extenahmemngin Q6 detachably conngdied iwpugh the interface 104
rewritably stores data indicating the play status (past achievements, etc.)

O phcinglgrnie) Mett) datiiricicading the piogess stdtgsogfathe gameiains the
data of chat communication logs (records), etc. The user can store these

HERETER tHE Stdrra et 06 WER He¥ewnd 207y fhisummisgssary for game

REHonS N oHan s, CONTONST, 107, /0029, 1o, DYRRON 1o.he loaded
n the DVD-ROM dfive 108 SIores a progran for realizing 3 Garnararses such

10 inasedataandiasidigata accempanying,the game ¢ad ﬁ{réﬁﬁy Q%HQhQ fvatue

15

20

the CPTJ 101, the DVD-ROM drive 108 performs a. reading process on

thae D R OMdbrded thiereooptoatad, autoadrecessariigpragranoaaddata R AM
which are to be 25 temporarily stored on the RAM 103, etc. [0060] The

iHaga preceesiing it dusssietheda badwsitirormthevriting back the
?\élD-ROM 3 means of the QPU 101 and an image calculation processor

P g erc.

flShaed) e meor
[0057] The controller 105 connected through the interface 104 receives an operation
input given by the user when playing a game such as a racing game, etc.
[0058] 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.
[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)



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

in a frame memory (unillustrated) provided in the image processing unit

107. The image information stored in the frame memory is converted into

a video signal at a predetermined synchronization timing and output to a

monitor (un.illustrated) connected 5 to the image processing unit 107.

Thereby, image displays of various types are available. [0061] The image

calculation processor can rapidly perform transparent operations such as

overlay operation or a ble‘r}(jir%% of twc -quimensiona}l images, and saturate

dperations of varous fpes’ [56%2? uldRerhrsatsagiosdhfadar in a frame

%@WW&@%@&%E@D@H&%OEW an qu%é%“%@ofgers%%qd%{mg.’lBy. a.th image

buffer method, polygon information placed in a'virtua ree-dimensional

spaceaid having varidus texiurenifasmationagdeegdtaabtainadsendergd a o

image of the polygon placed in the virtual three-dimensional space as

é@%ﬁ%ﬁ%ﬂ% ﬁb’é’@g@{@‘ﬁﬁ@ﬁéﬁ Vi pasitiontzibty apredetdrmihed dirdctiomected

5 % stigglti!irpae.eﬁ LOOG‘BA )Furthe; Ey thei&CPU 101, and the imagve calculation

DroCesear Rorking T €obparaton, o BHEPXCtdPasing ey ib-difensions are

IMmage ean be depicted on the frame memory, or depicted on the surface

of each polygon, according to font information defining the shape of the

¢herabtersTIR064) EhenMIG A9 i forLeNRe GHRIIN GRS qﬁf{iﬁ%ﬁmﬁmﬁons

a computer 20 communication network (unillustrated) such as the

e, eterlaxndnsotiprises & bBBASL -77100BABEdoprbducteasedrforsaturate

buildi{n a LAN .(OLocaI Area Network), an analog modem, an ISDN

83%%?%%8 By E)elaital Network) modem, or an ADSL (Asymmetric

10 r{l}@@ﬁ Sub_ﬁ&lﬁ!ﬂ&{ Lﬂ'&e)ﬂ? e%f&ﬁ&@&@%ﬁ%@gsgglt hce rllnteﬁggetap 1CHS.mS%r?orm an

telephone line, a cable modem for connecting to the Internet by using a
cabtetitelefisien@bilges0n thevliker andian, ipeyiaseitaiusBRESEI 0N a virtual
intermediating between these and the CPU 101. [0065] The audio
rescediginpsinminl1 Ipeorivdrtaaidiovdetasematout frdimtihgatbadded, to obtain a

rendered image of the polygon placed in the virtual three-dimensional space as seen from
a predetermined view position along a predetermined direction of sight line.

15 [0063] 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.

[0064] The NIC 109 is for connecting the game device 100 to a computer

20 communication network (unillustrated) such as the Internet, etc., and comprises a
10BASE-T/T00BASE-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



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

speaker (unillustrated) connected thereto. Further, under the control of

the CPU 101, the audio processing unit 1.10 generates sound effects and

music data to be sounded in the course of the game, and outputs the

sounds corresponding to the data fromithe speaker. 5 [OO66] In a case

where the audio data recorded on the DVD-ROM is MIDI data, the audio

processing unit 110 refers to the music source data included in the data,

and )9135)(?'[1‘% {the MIDI . Oa;[aaitpélc()) PCM ga'ga.. Further, in a case where the
o i 1 & audid d5a%r ABPENPSIBE, Sgydmm 2 speaker

atais compressed aud _
f@_ﬁiﬂﬁtstﬁﬁ%d)mgnﬂé@g?l @Jﬁ@%s'%rﬂf&t 41919@?%9@'@91’?1&“%9%9 @pg qg?y%résaudio
it into PCM data. By D/A (Digital/Analog) 10 converting the PCM data at a

thmireg oot resp o htlingdathescamnpliRg freguenci ahthe dataAReHQUtPttingse of
the data to the speaker, it is possible to output the PCM data as audios.

[G6EPTNASHAE PO THELIW0ES 898 Ganislievicthd deaimynHbcconfigured to

5 ﬁqg(g m thg same fu Ctio&?ﬁj as ‘th‘a ROM 102, the RAM 103, the external
em e

ry 108, hé DUBTRON 1O BTSSR he BYBYROIN Hrive B cate. the
ale: DY g Alarse-capacityexieinal storags VIGEFRRN a5 ,nard
disli, gﬁc. [0016%] FIG. 2 is an éSxempIary dilagralrlrrmjcgh%g\}\\/%nlgczusg%é%aﬁ% &m’ and
structuiretiod d/di3pldta dacordling tnne rmbediment @i¢heRIeSEB andio data is
invention. The.followinfg explanation will he given with reference to this
GRABRETCfORY) TR @ S’b%gcééfoé@@é{@ﬁg Yothe presentientbodinianprocessing

c rises a storage .20 unit 202, at associating unit 203, a moving unit
5%?,@%@@%“&% Y dE i FHon Uit S88: [d@’](g)ﬁél@’fﬂ@l/ Analog)

10 staragendnit-202:stares the daliavingdgformation tﬁézéfgﬁ%ggg%%%&gc%ggﬂﬂe data
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vector) of objects arranged in a virtual three-dimensiona

vedtoryuepretenting thewepesity. at whishithe whjests moveM3ILnormakios.
vectors of the objects (4) coordinates (position vector) of a viewpoint
équﬁbed irﬁ%\y‘l{ﬂglaqhggbove, the game device 100 may be configured to perform the

same functions as the ROM 102, the RAM 103, the external memory 106, the DVD-ROM
to be loaded on the DVD-ROM drive 108, etc. by using a large-capacity external storage
device such as a hard disk, etc.
[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
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

(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



three-dimensional space (5) a vector representing the velocity at which
the viewpoint moves (6) a sight line vector representing the sight line
along which the virtual three-dimensional space is observed from the
viewpoint 5 (7) conditions of constraint on the objects Here, as the
conditions of constraint on the objects, jiis possible to adopt the mass or
inertia moment of the objects, that objects are linked, an external force
such as gravity, frictional force, etc. applied to the objects. [0071] Further,
it‘%igﬁglﬁo possiblle to adopt a mode in which the viewpoint is set on 10 any
of the

6%}%“868%8}“ fioves together with that object, and its sight line vector

has a pre ' om.the si i | vector) of that

object. [OOO;% ﬁ@sr?é%eglﬁlgég%ﬁvl E)H%e(‘)/?ft%%%a%ggéa%e‘fg& ?311}1% i0NS as

the storage(6init 203 Tine initink viaities-ofithese \aluesiare RN VRILESHASyirtual
loaded from the DVD-ROM as described above, or found beforehand by
vhriscdremmiiraabirsce 5 [0orsjeo fivan tharithipoihe RAM 103 has the

following vr?lu;able areas. %(1) a variable area t for storing the time (real

time) that elApSeS e AN BALIS YRiRSBIe area u for storing the
time (virtuajstippe)that 5654 rtual e-dimensjonal space 20,
3) a variabIIe a’re; A fg%rJ %%Jﬁr?r% %ﬁggiﬁ%é{%%?ﬁ?\{/%ig ?ﬁ%’r%é? ﬁcﬁwsg ?é% to adopt the

discretizied:(4) raonasinkle taeash Boor staring:the drntemni@latwhigh-the Mitalich as
time is discretized (5) a buffer area 25 (6) a VRAM (Video RAM) area (7)

LAY alsistineat e Whethiliedrtashaiobiviéwpoint and any of the objects
il collide in future 17
V{V(B(S‘%)j ae &pur‘ffier,%t]is also possible to adopt a mode in which the viewpoint is set on

5

10 any of the objects and moves together with that object, and its sight line vector has a
predetermined angle from the sight line (normal vector) of that object.
[0072] Hence, the RAM 103 of the game device 100 functions as the 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 time) 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



According to the present embodiment. in a case where the operations

take, place in so-called real time. t = u is established and the virtual time

and the real time synchronize. [0074] FIG. 3 is an explanatory diagram
showing the relationship between the 5 viewpoint: and an object in the

virtual time u in the virtual three-dimensigenal space. The following

explanation will be given with reference to this diagram. [0075] The

viewpoint 301 is arranged at coordinates 302 c(u), and an object 311 is
arranged at coordinates 312 réu), The viewpoint 301 moves at a velocity of

a vector 3 C?%’(ﬁg%’n%‘ tHE Shatt 3T GRS at'a V&K Bia (icrsemiigns take
!f)(l'ﬁlze ]1Q (0076l d Qf%ﬁ_@%%ﬁtrﬂal tth?s QQJLEBEHQ&: |%idnt%et h 1r9uba|1e8¥1§e.llma rt%gqga time
in the virtual three-dimensional space are observed from the viewpoint
3pdchtongethe direction of a sight line vector 304 d(u) is processed by
three-dimensional graphics. The details of this process will be described
IEte74[007 7] lthe Dbjeet 3xPianaiqire seatdny shpolipgothpotjmanyhanda@ncen the
Q]utg]oin tr)ocrimal 15 vec%)or 314 n(u) is set on the po@/gon.‘These pieces of
informAtion 2r8 SRR doPda e TRANIA 5 34 yasthbedinssvenarigace.  The
wpRisiecutaienegda J00ZRL QR Ne AINGL hand. gslacly vector S22

v(u) representing the relative velocity between the o%%%IPSM and the

vigwppint 30 caswheicaleulatedrasosti bid)dikbles20000@9] Ad an object 311 is
displacement vector 321 m(u) representing the relative positional

reTanership edivesh the vbjectBtvindohe Yéwmpoint 80Lwearbeof a vector 303

Iculated as m(u r(u)-c(u), provided that the coordinates 302 c(u) and
‘t:tﬁ?égcg%cr%lr?a%\é’g%%Jz_lrfﬁ‘))%i:rgeaé8é{ﬁ13%‘t¥/8€?0Y§9t[9(§(§éé]l"if‘l’()§. 4 is a flowchart

10 ?b@%mg th@ﬁéoyi’a%f ﬁ%@t{f?é%fb?eg@ %%Yl!xrdgléz teh% je%? ?ﬁrforqﬁ? d cp ¥ntq§etovirtual
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present display. The following explanationwill be."given with Teferenc
this<ldaming o083 hendhe displayingHeroressof: the1dispiayRO birection of a

according to the present 18

sight line vector 304 d(u) is processed by three-dimensional graphics. The details of this
process will be described later.

[0077] The object 311 is expressed by a polygon (polygon), and an outgoing normal
vector 314 n(u) is set on the polygon. These pieces of information are each stored in the
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(u)-k(u).

[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
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



5

embodiment is started, first, the variable t and the variable a are cleared

(step S401), and the variable A and the variable B are both set to an

interval at which a vertical synchronization interrupt occurs (step 5402).

Then, the occurrence of a vertical synchronization interrupt is waited

(step S403). 5 [0082] A vertical synchrggization interrupt is an interrupt for
updating the screen display in the game device 100, and the image
processing unit 107 reads out image information stor:e(rj] in the VRAI\é_area

and displays it on the monitor in synchronization with this interrupt. Since
R AL R AN i) Tha RS I8 ArOrm G i S401),
Qﬁéf%%%”_&aﬁﬁﬂe{lw '%{Q%l@%” HOKERS ’slc;[§ [ndlic atlr?'&g !\/Saiolglltt\;,eﬁim[[‘l teb I%/ertical
drawing 10 in order to facilitate understanding. f0(5§3] er a vertical
synchrariizsiianinterigptRecty stbe a33gogiatingeuniti203 Lpaates the, vertical
variable t and the variable a as follows (step 5404). t e- t+A; u <-- a+B 15
THEE ez MOT i dtivhE s thee 848dkiating unit 203 in cooperation

1& e RAM 103. During the initial phases after the present displaying
roc%lfs is StaftEUr S TALE AL R AT R SH SYEHHBE b oveatig the screen

] 0 t oincide. [0084] Next, the ing ynit .
et e o ian e TEdttbod Below 30 (2rETb et mose
theofallowingvatuas deto/ Rvkighree SIO@ehinthe RAM: 103.abthe SRdaeE ton
virtual time u, to update the values stored in the RAM 103 (step 5405). (1)
hélcBurderes 302 as)thf thesiewpointh80IR@Mhecvectbe mhoml;s performed
representing the moying velocity of the viewpoint 301 (3) the sight ine _
TSP 30 Tl 2TCAF I Bobrd i eSE5°r(ly Offie By deeBitegspiHes drawing

10 ygg;gg%:ﬂgmar@m%%gr}ge. moving velocity of the object 311 (6) the

15

20

normal vector 314 n(u) of the ©bject 31 1 19
[0083] After a vertical synchronization interrupt occurs, the associating unit 203

updates the variable t and the variable u as follows (step $404).

t < {+A;

u <« ut+B

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
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)

(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 V\glere the viewp

Calculations on these values can be performed by utilizing physical
models of objects used in various three-dimensional graphics. [0085] For
example, since the discretizing interval (the difference from a virtual time
immediately before) of the virtual time a is B as described above, it is
possible to obtain 5 the increment of the vector representing the moving
velocity, by dividing the external force applied to the current object by the
mass of the current object and multiplying the result by B. The vector
representingamglarlovin ve_Ioci'%i can be updated by the increment, ‘
Further, it is possibie S bBfaih thesai<Hl AEHaRTRIthe Bifietts pysical models of
wufinlyiog he.AvRLagrOlRRERSIOr JeRresenting the moving velocity
before updated and that after 10 updated by B. The coordinates of the
dbf8ct can Berupdaigd biypdhendisiplasemgnhid-ikewiselithe-n MBhYECiAual fime
can be updated from the relationship between the inertia moment of the
dbjaetiairdvthelerte o nichttetiaarnaForceeis dppligth f0086] Hossildase obtain
yhere the view %ient 301 is set on any object, the movements and
changes in posture oF s GBI AR rifie R n YHE S o RairthitésEingebpexternal
RRESERtINgthe, [ | sight line vectar. of the vie int
L 0BT I e et e B0 o OB te
asstiie moBing Tunitv2041in goeperaiomwithdhe RN 403 IR0881.FRSR: by the
the display unit 205 produces image information representing the state of
tHETRERA tHredhainieiagiewtis ety Blystismbu dnom tifehvietypoirt30itiplying
r(riaarl%ed at P}}E 20 (t:oordinates BO%C(U) in the virtual three-dimensional

the direligHPETIEEgHE TRV RE G Befrvyrdaied #ad that after

space atong

10 @B@M@dd§§CﬁbequQME@£e§t9@%an&Q%C%%Ml ]bggugé]a%%f)ét;%rt e d&splacement.
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information for objects prepared separately, and stor uce

inilegyeis infokmationlin toebuffesargalabthe @i M 10345eR $40R:A008Yertia
Thus, the image processing unit 107 controlled by the CPC 101 functions

FOometed Grsphiseumie 205sits tophiriationewitmthORAM 4HBef00901 Then,
EE %DC" 1101 calcul%es the displacement vector 321 m(u) representing
e relative pAsiion AT FeTatiSnERTE B EnitHS o)y 3abicahdbhaovements and

‘éiﬁi‘ﬁ@%im ﬁQé'tJfQ@tcHg %Qject are reflected on the coordinates, vector representing the

moving velocity, and sight line vector of the viewpoint 301.

[0087] In order to perform such calculations, the CPU 101 functions as the moving
unit 204 in cooperation with the RAM 103,

[0088] Then, the display unit 205 produces image information representing the state
of the virtual three-dimensional space as observed from the viewpoint 301 arranged at the
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).

[6089] Thus, the image processing unit 107 controlled by the CPU 101 functions as
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
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information stored in the RAM 103 according to m(u) = r(u)-c(u); (step

5407). [0091] Further, the determination unit 206 checks whether or not a
value showing 5 that "a future collision is already determined" is stored in

the flag area of the RAM 103 (step 5408). [0092] in a case where the

value is not yet stored (step 5408; No) ie., in a case where it is unclear
whether or not the viewpoint 301 and the object 311 will collide in future,

the velocity vector 322 v(u) representing the relative velocity between the
obfiect 10 311 A%t[ge viewpoint 301 is calculated according to v(u) =

A(u)- ql})o?ss%gbe@ § ho093TRER WhEter or not the viewpoint 301 and

the object %;(kl?uﬂlrﬁgljjg%;in future is determined from these values and a
virtual threshold period P which is set 15 beforehand (step S410). [00941
Thepfellowings are considered as the method of determination. [0095] (1)

A method of making determination according to whether or not the

Vilpbint 3omtheint bes plssitiomatian thet ridighberhoodightheobject 8dite showing
\%hteg t?et virtug|. threshald period P will have eé%)sed from the current

fitde. SPEUREN Wi HaH I I8 dihakin tedtiinAgerisadriind oM 103
\(\glgg?)ttggb@r not m(u)-Pv(u)J<a is satisfied. or whether or not 25

m(u}-Pv(u}" is satisfied, by using a constant a for determining whether or
enspositioned isatbevneightoraredsNote, thaid-neaRs 84 QPRALIER fo 4 case
calculating the size of the vector. 21

where it is unclear whether or not the viewpoint 301 and the object 311 will collide in

future, the velocity vector 322 v(u) representing the relative velocity between the object
311 and the viewpoint 301 is calculated according to
v(u) = h(u)-k(u)
(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

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 object 311 when the virtual

threshold period P will have elapsed from the current time. Specifically, it is a method

of making determination according to

whether or not

Im(u)-Pv(u)|<e

is satisfied, or

whether or not

2.2
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.
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[0096] (2) A method of making determination according to whether or not
the angle formed by the vector m(u) and the vector v(u) is included in a
predetermined range near O degree, in addition to the above-indicated
conditions. The angle formed by them can be calculated by S
arccos[m(u)v(u)/(Im(u)llv(u)D1- Hcrc, -means the inner product of the
vectors. [0097] (3) A method of making determination by calculating the
maximum acceleration assumed for the object 311 and the viewpoint 301

| Iculating the ra in which they can move jn that case, and
O ming et o L P ST B A L0 B BBt ane
mathadedes:a Rias AuTRSRIRAIG RIABRIS £an A DRI car o
a collision will occur or not with high accuracy. [0098] In this manner, the
PRt O fudttions ds: the detediinatiomunic 206 iMmcagperatiabvyihithe can be
RAM 103. [0099] Then, in a case where it is determined that a collision
il et B future 15 (step 5410; Yes), this determination is recorded in

the flag area in the RA 3 41 1), and the value stored in the
variablge aréa BisT %J&%}Z&E@ﬁ%%%}) Typically, a preset constant D

(D<A) is stargd inbs:variable. ApeaiR (4101 Thsrefore, in a case where it

is determined that the viewpoint 301 and the object 311 will collide in the
\tleal three3dimensianal spaceain futuraduntibtie virtuakl 20 48reshigld maximum
period P will have elapsed from the current time), the virtual time u_wiII
FaeeepinB rinanchE b rhiect BetanddhtediveistizNgamtenialiofiittighe ranges

reduced. Thereafter, the flow goes to step 5413. [0101] On the other
hanc ,Kfrg S T e AR RS AR it 18 FRST Ry 8e5rda hrgphave any

10 flaghareagstem 5408 YeshQ! IBAirase whers.ibis datermingd th
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M}O timate
collision will 25 occur (step 5410; No), the flow goes to step 54% 5%5?
Tethdherehften thiél ocourrenoe Witk hghtiealigsychronization interrupt is
waited (step 5413). Another process prepared separately may be

ﬁ@?%ﬂ‘ned A tihig pganner, the CPU 101 functions as the determination unit 206 in

cooperation with the RAM 103.

[0099] Then, in a case where it is determined that a collision will occur in future
(step S410; Yes), this determination is recorded in the flag area in the RAM 103 (step
S411), and the value stored in the variable area B is reduced (step S412). Typically, a
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 the virtual
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
oceur (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
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waiting. [0103] After a vertical synchronization interrupt occurs, the image.
information stored in the buffer area is transferred to the VRAM area
(step 5414). This is the so-called double buffering technique. 5 [0104] As
described above, since the image information stored in the VRAM area is
output to the monitor in synchronization,with a vertical synchronization
interrupt, animation display having no flicker becomes available by
synchronizing the transfer to the VRAM area with a. vertical
synchronization interrupt. [0105] Then, it is checked whether the distance
betitiEén the viewpoint 301 and the 10 object 311 is smaller than a

erminggl , e, whether or not the viewpgint 301 and the
TSI hos o e PRt Bt sored
denstabiBer ibisapessinleciocdateimineruhether, e5nota collision hasy. so-called
occurred, according to whether or not m(u):<8 15 is satisfied. or whether
slonble llgy<pehnisatisfied. It is preferred that the constant 6 be

%gmsﬁed to be smaller than the above-described constant a. 20 [0106] _
Flhan iSSP EhaBWherasthE'Vidse SO iRBvse tdgetier it arca is

Qﬁﬁ‘jﬁi ject (for ex le, a,vehicle object), that "the viewpoint. 301 and

the otg}e%tt) %%1%%§§gi?ﬁ(?gg%'lg?%@%%hf’ggmgy eér&ccce)l%]sﬁi" BrT B mterrupt,

establishediswhemnhaehieatioreyingdasethanwith the viewneint, 30k tansfer 1o

collides with another object (for example, a wall object)- [01071 As a result

dhehéRehidoicdn ik mantier, spralcaseaberet¢heptiewpoint 301 and 2.5 the

%aﬁr% 311 have collided (step 5415; Yes), the process will be terminated.
othePRaidSiAlsEsd e iriare thieffFaves hsteeiidas rstepsand)l and the

10 Ngj)ec%, i"?é"é&%‘i%%%ﬂ a%%?iéér%hgd?’ constant, i.e., whether or not the viewpoint 301
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and the object 311 have collided (step S415).  Specifically, with the use of a constant 3,
1t is possible to determine whether or not a collision has occurred, according to

whether or not

Im(u)|<d

is satisfied, or

whether or not

[m(uw)f*<5”

1s satisfied. It is preferred that the constant & be adjusted to be smaller than the
above-described constant €.
[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 aresult of the check in this manner, in a case where the viewpoint 301 and
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 5404.



[0108] After it is determined that a collision will occur, the animatiqn .
display on the screen seems as if it were reproduced in slow motion until
the collision actually occurs. By slowing down the elapse of tune in the
virtual three-dimensional space and making the screen display in
slow-motion display, it is possible to notify to the user that it has been 5
determined that the viewpoint will collide with the object in fiiture. [0109] In
the explanation of the above-described process, in order to facilitate

yndgeptanding, (hs.explanation hias been,made, with only one oblect 311

Considered with respect 10 the viewpoint 301/ HSHaVercsihtaatdispkuy on the

Rltealitycefhmobiects: 3ldrc aeaNLl IS @ﬁﬁﬁ%@&%ﬁ%ﬁﬁ@%ﬁed&tﬁ%wa ﬁgﬁg oceurs.

appropriately for each of these. 10 however, when it is determlne_d t

ddlidion withvanylof dhesoljetts:3d 1his detarnined)i o gssaW RN making the
display will start from that time point. [0110] Further, a. value for '

G RRG v HetEr SioRdtitsperforPea el fision fddteminstichamiapas been

: be.assi 1o the object 311 as its attribyte and such a value may be
A o R RSP 3R Bfocrs 51t tor

wihiohythe qalligion: 15 determinatin 4@&@%@3}%@%&%53&%@@9-tﬁgfacimate

example, in a case where the present display 201 is applied to a racin
garestindanmn dtgensrallyhehassumned hatalvehiglenobjgeton whighieed with
viewpoint is set might collide with the road surface or a building a_rranged
IFFRsihdy MisREs the Ghoveaessibea Wetbemiration Proseiss ¢ objects 311
med only for those that might have a.collision, by discriminating
%g{d‘\;%gh %bjléc%ése(fﬁ%star anfof” é‘fnf hg(\a}eerg LSRN BAGRIAA bbjeicrgasl of these.

10 buildingrthewall Rfdhe-comsen £ MRegEetid, [895/101& t’ﬁ‘é:SBf[gdggS q tQ%elerminedj
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above-described embodiment, slow-motion display is performed after it is
detetonineditratatolisidrswill faeauhantfuttipeifccording to the present
embodiment, crossfading is performed in time with this. 25 [0112] For
eXbHble, cryEbEding it arTdipineioaingmhg@witmmakdcaneafimationcollision

SR e A eclpu e cosaionit,
Rietianaimed wWhkteout. B¢ cach object 311, so that the objects 311 for which the collision
determination is performed may be selectable. For example, in a case where the present
display 201 is applied to a racing game, it cannot generally be assumed that a vehicle
object on which the viewpoint is set might collide with the road surface or a building
arranged in a distance. Hence, the above-described determination process is performed

only for those that might have a collision, by discriminating between objects that cannot

have a collision, and such objects as 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.

[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.



[01 13] 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

may he employed. [01.14] In case of performing crossfading. the blending

ratio (also called "a vahae") 5 between,fwo images is calcu_la_ted, so that

the image saved in the buffer area and a predetermined still image or

moving image may be a-blended, [0115] The a value can be obtained in

the following procedure. First, a variable area a for storing the a value
délitéd in aﬁ‘gﬁ‘ﬁmlfb@ [DE1BPFirdicimtreafitalyi aheksteg®411jqid is blown

i ' fter it is,determined for 10 the first time that a. collision will .

ﬁ@ﬁ%ﬁ?%’%ﬁf@%ﬁ&s o B 6 F AR B dne vith an

"anethrmpegessoatistaRodks othevariaklearsa g aithe KAM 1.03 s

updated as a a+B/I'. [0118] With this, the value stored in the vgrlable area

A0V praduallsainoréasednomg T fadifronhaviiendinis detepmined that @ value™)

s %ollision will occur until when the collision actually occurs. [0119]

REYEHTEY OSiMARFS df stafs a1, thethasircolmantesrydbleriting the imagend a

ved in the buffer area and the predetermined still image or moving
ﬁ%%%ﬁ“?ﬁéﬁ%iﬁﬁa%%ﬁé f’éﬁ‘%grs‘aﬁ%r%?férkéa‘“t 'TAEVRAM area. 20

[@126] Gerreiﬁalty,xiah@eQ?a%eb%%{ﬁrﬁ:&%i%i%”fiﬁlg%ﬁﬁgr%‘égdégproﬁf&?tae,')/ariable

an irregular display such as polygon missing, etc, occurs when the
viswpdint etoies clogdee tocarcobjabt. J0UR1]03ccording to the present
embodiment, even in It situation where such an irregular display will

AR} probkbHy EEB?ﬂ‘}iﬁt‘F@’p%%“éiWt@%él&eﬁ.th@lﬂﬁﬁ%wy%awamiemed for

o YA IERE SRl oo i e seeendepor o
W@@l@@'cmaﬁ/@gﬁﬂlﬁimp&dﬂ.ﬁecﬁhgﬁe@ process™ at step S413, the variable area o in the
RAM 103 is updated as

o <« o+B/P.
[0118] With this, the value stored in the variable area o will gradually increase from

15 0 to 1 from when it is determined that a collision will occur until when the collision
actually occurs.

[0119] Thereafter, simply, at step S414, the result obtained by blending the image
saved in the buffer area and the predetermined still image or moving image at a blending
ratio (1-o):c 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.

10121] According to the present 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 animation, etc., without greatly complicating the calculations.

Embodiment 3
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[0 1221 In the present embodiment, a case will be considered wht_are the

object that is considered to be going to collide with the viewpoint is

stationary. For example, this is such a case where the viewpoint is set on

a vehicle object, and whether or not the viewpoint will collide with an

object representing a wall is considereds5 10123] In this case, it is

determined that the viewpoint and the object will collide within the virtual

threshold period, in a case where the route taken by the viewpoint Withfin

the virtual threshold period intersects the object, and at least any one o _

tﬂg yf%ﬁlowir% Cotitions R MR sHgieformd By theHisFravbecticariietidhat is

siehlilineyerter isinclydedi d0nRaRredsisrmingd first rangey (b). the e this s

angle formed by the sight line vector and the velocity VECtor is Inc ucrilé’ mn

apriedeterminkelsecondsrange, and(c)the angle-forped Bydthenvalacty not the

vector and the normal vector is included in a predetermined third range

1B RAHSHEH QAT S sacititslye depatiting il lthe typdstand charac;tehrs
imulatians to which, the embodiment is applied, any desired one of the

gé?ggjupattg?nghgfC(?)q%llnofst SEEBES O8hdiions e Yatitider . oppychnnl collide

B A B R O A poin

(c) are satisfied, (4) only the conditions (c) and (a) are satisfied, ¥5 only

thétidondiitionr (@)l ishsatisfiedhe(B)oniythecanditen¢h) dsosatistiad, &R0 of e

only the condition (c) is satisfied 25 is employed. [01251 For example, in a

éﬁké%ﬁé?éﬁﬁé(ﬁﬁgle formed by the sight line vector and the normal

' 01l egrees and in a ease where the sight line vector
\a{t?](c:lt(t)f: elszcél?g)eﬂ}e an?g?eq’ogneg %y the normal vector and the s&ggt line vector is included

10 1n a predetermined first range,
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(b) the angle formed by the sight line vector and the velocity vector is
included in a predetermined second range, and

(c) the angle formed by the velocity vector and the normal vector is included
in a predetermined third range
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,

(3) only the conditions (b) and (¢) are satisfied,

(4) only the conditions (¢) and (a) are satisfied,

(5) only the condition (a) is satisfied,

(6) only the condition (b) is satisfied, and

(7) only the condition (¢) is satisfied
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



10

15

20

velocity vector are in almost the same direction (the fqrmed gngle is close

to O degree). this corresponds to a situation that the viewpoint (or another
object on which the viewpoint is set) and the object are to have a head-on
collision. This is like only in this case, a "coIIision_" _is determin_ed. 5 [(_)126]
According to the present embodiment. hgw a collision occurs is predicted
beforehand by providing such conditions as described above, so that_lt

may he possible to appropriately select whether to perform slow-motion
regroduction or to.show how the collision occurs in the normal

RSB AEPARBES the PrévictioHi e bo it aret [p127aretielcerco).
REseaLeMBRment aftanikis ARtarmioed that,a collsign will oceur, By, pe
displaying images by making the interval at whic images are’ roo_luce
longenithat shatbefore ifjisdetermined.thatasolisiomaccty;it is intended, ;g
to give an effect like that of a stop motion to the animation display, until

sefsre thellesilisiondstecoreahd notify to the user that a collision will occur

in.a simple manner. 15 [0128] Specifically, after it is determined that a -
i@ﬁ%%?l n will SE8UPprSatienBr S bR R mABh drtel s Buerarisapredicted
ARbIbR PSRN T e RUITRA ALea 1o die MRAM area ae made to acou

ble t
less frequeritly. [0124] The less frequency method can be tiséd by °° Posstoe to

sepusingi@inewsanaiinared seifotesRAM QR 2QI0dRUSURPBSEHAhEw he
constant parameter indicating a reduced frequency is E (E>A). The larger

EqSishe psrgerithddmemal becomesnfod@bidrigsty itwmediatebnafter step
5411. i.e., immediately after it is determined for the first time that a
collision wi 18888??3’1%/‘%/ariable area s is cleared to 0. [0132] Further, at

JIARA404. frervariabls areaminLRdalRd 5. Lo 4 s D138 Futnet

; :
process of producing ,.in IMage into the butier arsa t-stes BATR At occur:

the ¢ispessscohingastaring fignmthe Brffenaeado 1m§g\c/BﬁM;§6§§c@a %ﬁger than
5414 are 27

that before it is determined that a collision occur, it is intended to give an effect like that
of a stop motion to the animation display until before the collision occurs and notify to
the user that a collision will occur in a simple manner.

[0128] Specifically, after it is determined that a collision will occur, production of
image information into the buffer area and the transfer from the buffer area to the VRAM

arca 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.
[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
§ < 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 5414 are
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performed only in.. a case where s > E is established. In a case where
these are pcrlbrmed, the variable area is updated as s <- s-F;_ at
between step S414 and step 5415. 5 [0134] Other than this, as a method
which likewise uses the variable area s, it is also possible to employ such
one that sets sa- t inmediately after stop 5411. i.e., immediately after it is
determined for the first time that a collision will occur, makes no update at
step S404, and performs image production into 10 the buffer area and the
transfer to the VRAM area only in a case where t-s >_ F is established,
av ?ﬁ‘%eé)&&éwh%f‘ésfh‘é’%f%lﬁ peHdiielsigdates rss ahiatsiéharears asrformed,
- it.b tepn S414 and step S415. [0135] As described above,
Ey@ui%ﬁébﬁs%‘g%%%%‘f}%%% possible to greatly reduce the 15 amount of

calculations ef various kinds necessary for the screen display when a
collision is in near fixture, and to use the calculation time of the CPU 101
foir theep poressebd0lst86 S Fhe present application claims priority based
n anese Patent Application No 2004-163825, the content of which is
m(%lpl’r%forate(dthgr@ﬁ]iHlifs BritifsEh AR EppRe bt o o087 pag s, it is also
i : ording. to the present invention, it is possible to

%ﬁ@%@g@ Sgtr% %naitsp%yal%g method suitable for appropriately
processingsdisplay in a case where it is expected, in three-dimensional
graphics display, that a viewpoint will collide with an object, and a
compdieeirezithablenii¥érinatonmecoldinly afediuns stofingrad programotime that
realizing these on a computer, and the prosgram. and to apply these to 25

FeAHiZIG o PECSG it Or SniREfis i, S 1A a e Beviemaprinduction into
BRI SIS PRV BRI R Ll s = 1 s
established, and in a case where these are performed, updates the variable area s as

s« stE
at between step S414 and step S415.
[0135] As described above, by using stop motion, it is possible to greatly reduce the
amount of calculations 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

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

techniques for providing virtual experiences of various types.
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CLAIMS [1] A display apparatus, comprising: a storage unit that stores
coordinates of an object and a viewpoint arranged in a virtual 5
three-dimensional space, and a vector whose orientation represents a LL.OYD WISE
direction in which the virtual three-dimensional space is observed from
the viewpoint; an associating unit that associates a time (hereinafter
referred to as "virtual time") in the virtugl three-dimensional space with a
time (hereinafter referred to as "real (une") in a real world once in each
predetermined update period; 10 a moving unit that obtains positions of
the object and the viewpoint and a ditettidiS in which the virtual
three-dimensional space is observed from the viewpoint in the virtual
three-dimensional space at the associated virtual time, and updates the

1 bodrdinptesapbiietisbjsenpsithe viewpoint, and the direction vector

stored.in fi >, unit; a di it that.displays, once in each R
RN S L LS R B 0 i
thigpidepersiopsbrpacciron theeviewpime irriadirectionpofthes diréatitiovectohich the

vilfhdhetughinss:dinsnsianshshace A, a33agalgg virtual time: and a

determination unit that determines whether or not the viewpoint and the
objEctsAiFidgNdeehsicass tsiasholtipefod sntftevinlated to as “virtual time”) in
thdRiRRAMersinneh SBaAsE B IARSERITPIMR @Hf&%ﬁﬁ'@%@@ﬁ %g%ls“‘a.‘lreal time”) in a
three-dimensional space (hereinafter referred to as "within a 20 virtual
reghpesbRechénieach adetrionitag erbiiginatiosof the viewpoint, the
COQG@W@&W%&@E@S %giﬁ‘o\ﬁggﬂ% V5LQr L6R rﬁ%%&%o%ei% Vedirection in
velocity between the viewpoint and the object in the virtual

Whisrelbitieis ibrea-shaeesiamratcais sbsotrifgrhasevgiatesiolipsertual
threé eVl Nt glapse ahibe JIrakimesuqh Hﬂﬁ&%&%&ﬁ%ﬁﬁf%ﬁ%@ of the

with each other until it is determined that the 25 viewpoint and the object

oblti et Wikl onliderissHontseitodiend Askuoitmmeethein such
o o e R v

representing a state of the object as observed from the viewpoint in a direction of the
direction vector in the virtual three-dimensional space at the associated virtual time; and

a determination unit that determines whether or not the viewpoint and the object will
collide before a threshold period in the virtual three-dimensional space elapses from a
current time in the virtual three-dimensional space (hereinafter referred to as “within a
virtual threshold period™), based on 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 associates elapse of the virtual time with elapse of the
real time such that they synchronize with each other until 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 elapsing of the real time after it

is determined that a collision will occur.
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[2] The display apparatus according to claim 1, wherein the storage unit

further stores a normal vector that is orthogonal to an external surface of

the object; and in a case where the object is stationary in the virtual | 5yp WISE
three-dimensional space, [lie 5 determination unit: determines 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 Ieas?%ny one of following conditions
(a) an angle formed by the normal vector and the direction vector is

inclyded,in redetermined first range (b) an angle formed by the
Ei(g]irec }Sr(li v %l%prag’%eg% e Ve 8&'[1)1/1 é%?“g?%}i?fcluded in a predetermined
secoidrandge; sioch () wmtangishforsedssy thensd veitpdetos antiabenal to an

erg H%%]"f‘ls &r&&qgl g&_igr% predetermined third range is satisfied. 15

)f% e display apparatus’ according to claim 1 or 2, wherein the display
unitidisprays theeprodiacelf¢nidgestatidrapréaahermirival Hoomaimersgenst apace, the

aasdsigrminadistlimage Ry grossadinghem. AEuLISYelermined Al dvithin the
collision will occur. 20 [4] The display apparatus according to any one of '

vistairh sh1esb @ dvissiasiniafee pasis veetes mieaietidica boIBRoRINHPOEEUVIth@ the virtual

ISRy YR RERernas.«lisRIaY; Oy, Making a0 e ryat e%mmm%a&ﬁmo@@

displayed are produced longér than that before it is determined that a

colligibrwipsteciprmsd s yaterspriial veetiotnh b HEstidnor e stbrggecluded in a

pwgt%m@i%g@it, a moving unit, a display unit and a determination
unit, wherein the storage unit stores coordinates of an objectand a = .
viewpbitit aﬁgﬁg‘@chhbmﬁ@m direction vector and the velocity vector is included in a

predetermined second range, and
(¢) an angle formed by the velocity vector and the normal vector is included in a
predetermined third range

is satisfied.

[3] The display apparatus according to claim 1 or 2,
wherein the display unit displays the produced image and a predetermined moving
image or a predetermined still image by crossfading them, after it is determined that a

collision will occur.

[4] The display apparatus according to any one of claims 1 to 3,
wherein after it is determined that a collision will occur, the display unit 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, an associating unit, a moving
unit, a display unit and a determination unit, wherein
the storage unit stores coordinates of an object and a viewpoint arranged in a virtual

three-dimensional space, a direction vector whose orientation represents a direction in
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three-dimensional space, a direction vector whose orientation represents

a direction in LLOYD WISE: 30 which the virtual three-dimensional space | | oy ywyisE
is observed from the viewpoint, and velocity vectors representing

velocities at which the object and the viewpoint move in the virtual

three-dimensional space, the displaying method comprising: 5 an

associating step, by the associating unit, of associating a time (hereinafter

referred to as "virtual time") in the virtua% ree-dimensional space with a

time (hereinafter referred to as "real time") in a real world once in each

phedetiermines uRdale Reradna Baving §B§&\%&W&mﬁ¥'{g}%\§§§m‘€f and velocity

obtaining positions of the object and the viewpoint and a tion in

SRR RGN ShTRlediivepisianah dpaebips obsbie difeneemo@e in the virtual
thiewpRiniIdhg vidual three-dimensional space at the associated virtual

time, and updating the coordinates of the object and the viewpoint and.

the dBEHD BRI QIR IsE8®Brage unit; a displaying step, by the

displayadiniti o sisplay hg 1Nea dBi HRdaieperiod /AN, {m%_g&l_ereinaﬁer referred
re rgs.enti?%qaé s,iate of the object as observed from the viewpoint in a
(&

QfFdcHigh- BHiRE CHEHA SRIGE T O RRFA P RIFE e HBler AP apaeker referred
tathieassociiad virspliing onad @ dRNDAUH SIEPu Y ES eriod:

determination unit, of determining whether or. not the viewPoint and the

obje BB R (RNFENE HINFRSHBI: BEABAIRIREYTHiRGS of the object and the

vileregvinadsicificsipade elpsasdramual Chreent HRG IO MY observed from the
three-dimensional space (hereinafter referred to as "within a virtual '
V%ﬁ?’é%‘?%%ﬁ“p%ﬁo‘ﬁ‘ﬁ%f)a“ S SHRABSKIR diRde &t oho 8o atedvisbine! thgie, and updating

tioooodidiies0b thecalijRet, fciz Weloaiy GO I RIRSSIMNGLASLIAIUEI in the storage

vetl_ocity between the viewpoint and the object in the virtual
“hree-dimensional space, wherein at the associating step, elapse of the

virtuatifipleying etapse dfddespesl tine o eiggsoniated cushehat ibeMe period, an
R eeEh L S empga e ie oo gl
dassboiatedisuahithatietapsingeofinensdisual ipne:ist slowesdbiarthe @laPssue: and

of thaedre%grl'rgi@gﬁon step, by the determination unit, of determining whether or not the
viewpoint and the object will collide before a threshold period in the virtual
three-dimensional space elapses from a current time in the virtual three-dimensional space
(hereinafter referred to as “within a virtual threshold period”), based on 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 at the associating step, elapse of the virtual time and elapse of the real time

are associated such that they synchronize with each other until it is determined that the
viewpoint and the object will collide within the virtual threshold period, and they are
associated such that elapsing of the virtual time is slower than the elapse of the real time

after it is determined that a collision will occur.
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after it is determined that a collision will occur. LLOYD WISE.. 31 [6] A
program for controlling a computer to function as: a storage unit that
stores coordinates of an object and a viewpoint arranged in a virtual
three-dimensional space, and a. vector whose orientation represents @ oy yise
direction in which the virtual three-dimensional space is observed from o
the viewpoint; 5 an associating unit thatsassociates a time (hereinafter
referred to as "virtual time") in the virtual three-dimensional space with a
time (hereinafter referred to as "real time") in a real world onee in each
[Gdredeteraimve dausaateoPirioa carmpotintp Unitowbichsobtains positions of the
objgg Vi ' irection_ in which the virtual . : :
e S LTS e gm0 vinaa
thigFedin Rt AR AareHAnd atibricissbosatetenintiah tinpeesnds uptlatesohen which the

vieRrdheten A Ablaterc e ROIN IR AliEcTon veord!

stored in the storage unit: a display unit whic ys, once in each
preffefeffitéere Baat@m@f;lammag@ fepreseinting @rsteteofthenbjedine”) in
thds PReeMRL amthe vigwpintina.dietnn af.the. Jigstion v %%wf%h e ina

virtual three-dimensional space at the associated virtual time; and 15 a

rea}em&é‘%ﬁﬁﬁﬁ?%?é@@m%ﬁ%m?ém@dhot the viewpoint and the
0bJ@%Wlhgﬁﬂi@%@ﬁ@%@i“ﬁ%ﬁl&@%[P%je:'@bﬁ@@t\é‘ﬁwﬂ’le Viewr%g}t and a direction

three-dimensional space elapses from a current time in the vi

ingphi b s Srss s grsienshrricratephsaris d&rwitHin wevirial in the virtual
thtbeesRQlasReedrhcbas etk %&B%@aqfﬂﬁ'ﬁtﬁﬁagf ihg M@@Q 518 %%fg(%li\%tes of the

coordinates of the object, and a velocity vector representing a. re

ORjETHAR BesRRm ARG BisidiRRHOmER b BieisdintHes vietage unit;
threeiimensianahenreR PSSR ERE BR3061AING HRILASIRGIAIOS S1aPse
of the virtual time with elgps% of the real tiqrﬁje such tlhg?ikﬁggg/%%ﬁéghé%mage

TeRRFFRLRRA HERLF OhtsaSigetarnhnse addt one thaciyaminind erditebjeat alithe
dieellide wiéhjﬁi&hﬂlefiﬂy@b!h@é&g@n@ﬁﬂeﬁa%qc%%ﬁ%@éﬁ§oé&‘%€ﬁi SHEMLMA . and
a

the elapse of the virtual time is slower than'elapsing of the real time after it
25§ s it thabflrsmings sdegiher or not the viewpoint and the object will

collide before a threshold period in the virtual three-dimensional space elapses from a
current time in the virtual three-dimensional space (hereinafter referred to as “within a
virtual threshold period”), based on 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 associates elapse of the virtual time with elapse of the
real time such that they synchronize with each other until 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 elapsing of the real time after it

is determined that a collision will occur.



