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DESCRIPTION  *000002 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]
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 15 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 20 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  25 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 2  Publication No.
H11-197357. [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  there
are a large number of objects, the calculations become
complicated and enormous if  the calculations consist
in accurately detecting the collision and accurately
calculating the  movements of the objects at the time
of collision, and thus such calculations have been
virtually impossible in some cases. 10 [0006] On the
other hand, if the collision detection and the
object's movements at the  time of collision are
calculated approximately, a so-called "polygon
missing" or an.  otherwise impossible situation (for
example, the viewpoint entering the inside of an
object  having no hollow, etc.) occurs and the
displayed screen might be unnatural.. Disclosure of
Invention 15 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  20 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. 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. 3  [0010] A
display according to a first aspect of the present
invention comprises a  storage unit, an associating
unit, a moving unit, a display unit, and a
determination unit,  which are configured as follows.
[0011] 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 representing
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 medium such as a DVD-ROM
(Digital Versatile Disk Read Only Memory), etc., and
these values are copied into a RAM (Random Access
Memory) or a rewritable recording  medium. And these
values 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  t-t+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 4  the storage unit.
[0016] Note that one of the viewpoint and the object
may be stationary and the other  may be stationary.
For 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 virtual three-dimensional space
along with the elapse of the  virtual time, while
making the road surface on which the vehicle 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 velocity vectors, etc. of the object and 10
viewpoint, and information representing various
conditions of constraint on the object and  viewpoint
(for example, a gravity is applied, an external force
is applied, they are linked  together 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 15 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  20
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. 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 5  virtual time. [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. Hence,  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 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 three-dimensional space (hereinafter
referred to  as "within a virtual threshold period"),
from the coordinates of the viewpoint, the 10
coordinates of the object, and a velocity vector
representing a relative velocity between  the
viewpoint and the object in the virtual
three-dimensional space. [0023] The determination here
may check the collision between the objects
accurately, or may use an approximating method as
disclosed in [Patent Literature 1].  [0024] As other
approximating methods, in a case where the object is
stationary like 15 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  20 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 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 6  collide
in future within the virtual threshold period, the
association by the associating unit  is changed. For
example, before it is turned out that a collision will
occur, they are  updated as t F- t+A;  5 u4-u+A to
make an association which satisfies a relationship  u
= t+C, while after it is turned out that a collision
will occur, they are updated as  t <- t+A; 10 u - u+B
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  15 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. 20 [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 25 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, 7  (b) an angle formed by the sight line vector
and the velocity vector is included  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
line 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 0 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. [0031]
According to the present invention, how a collision
occurs is predicted  beforehand 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 [0034]
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. 8
[0035] According to the present invention, even in a
situation where such an  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, after
it 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  determined that a
collision will occur. [0037] According to the present
invention, since the update time A is prolonged, it is
10 possible 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.  [0038] A
displaying method according to another aspect of the
present invention  controls a display comprising a
storage unit, an associating unit, a moving unit, a
display  unit, and a determination unit. The storage
unit stores coordinates of an object and a 15
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 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-dimensional space with a  time (hereinafter
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 9  virtual time, and updates the
coordinates 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
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 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. [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
10  executed. Further, the above-described information
recording medium can be  distributed and sold
independently from the computer. Effect 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  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. 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 [0049] 100 game device 101 CPU  102 ROM
103 RAM  104 interface 25 105 controller 



106 external memory 107 image processing unit 11  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
vector 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
vector representing a relative velocity from the
viewpoint to the  object Best Mode for Carrying Out
the Invention [0050] The 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 12  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 in 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 [00511 FIG. 1 is an explanatory diagram
showing a schematic structure of a typical  game
device on which a display according to the present
invention will be realized. The  10 following
explanation will be given with reference to this
diagram. [0052] A game device 100 comprises a CPU
(Central Processing Unit) 101, a ROM  102, a RAM 103,
an interface 104, a controller 105, an external memory
106, an image  processing unit 107, a DVD-ROM drive
108, an NIC (Network Interface Card) 109, and  an
audio processing unit 110. 15 [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  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 13  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 and data
read out from the DVD-ROM, and other data necessary
for game  proceedings and chat communications.
Further, the CPU 101 performs processes such 10 as
securing a variable area in the RAM 103 to work the
ALU directly upon the value  stored in the variable to
perform operations, or once storing the value stored
in the RAM  103 in the register, performing operations
toward the register, and writing back the  operation
result to the memory, etc. [0057] The controller 105
connected through the interface 104 receives an
operation  15 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,  20 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  25 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)
14  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
(unillustrated) 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 blending of two-dimensional
images, and saturate  operations of various types. 10
[0062] Further, the image calculation processor can
also rapidly perform an  operation for rendering, by a
Z buffer method, polygon information placed in a
virtual  three-dimensional space and having various
texture information added, 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/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 15  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 110 generates sound effects and music
data to be sounded in the course of  the game, and
outputs the sounds corresponding to the data from the
speaker. .5 [0066] 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  converts the MIDI data into
PCM data. Further, in a case where the audio data is
compressed audio data of ADPCM format, Ogg Vorbis
format, etc., the audio processing  unit 110 expands
the data and converts it into PCM data. By D/A
(Digital/Analog) 10 converting the PCM data at a
timing corresponding to the sampling frequency of the
data  and outputting the data to the speaker, it is
possible to output the PCM data as audios.  [0067]
Aside from the above, 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  15 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  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 16  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, it is 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 is also possible to adopt a mode in which
the viewpoint is set on  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 17  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-dimensional 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 r(u). The viewpoint 301 moves at a
velocity of a vector 303  h(u), and the object 311
moves at a velocity of a vector 313 k(u). 10 [0076]
The state that the objects including the object 311
arranged in the virtual  three-dimensional space are.
observed from the viewpoint 301 along the direction of
a  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  15 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). 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 18
embodiment is started, first, the variable t and the
variable u 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 S402). Then, the occurrence of a vertical
synchronization interrupt is waited (step S403). 5
[0082] A vertical synchronization interrupt is an
interrupt for updating the screen  display in the game
device 100, and the image processing unit 107 reads
out image  information stored in the VRAM area and
displays it on the monitor in synchronization  with
this interrupt. Since the transfer from the VRAM area
to the monitor is performed  in a co-routine in
parallel with the main process, its indication is
omitted in this drawing  10 in order to facilitate
understanding. [0083] After a vertical synchronization
interrupt occurs, the associating unit 203  updates
the variable t and the variable u as follows (step
S404). t t+A;  u - u+B 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 19  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 u 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
representing the moving velocity can be updated by the
increment. Further, it is possible to obtain the
displacement of the object, by multiplying  the
average of the vector representing the moving velocity
before updated and that after 10 updated by B. The
coordinates of the object can be updated by the
displacement.  Likewise, the normal vector can be
updated from the relationship between the inertia
moment of the object and the site to which the
external force is applied. [0086] In a case where the
viewpoint 301 is set on any object, the movements and
changes in posture of this object are reflected on the
coordinates, vector representing the  15 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  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 20  information stored in the RAM 103
according to m(u) = r(u)-c(u);  (step S407). [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 S408). [0092] In a case where the value
is not yet stored (step S408; No), i.e., 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 object  10 311 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  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 object 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  (err)m(u)-Pv(u)I(err)(err)  is
satisfied, or  whether or not 25 Im(u)-Pv(u)12<E2 



is satisfied, by using a constant E for determining
whether or not positioned in the  neighborhood. Note
that I means an operation for calculating the size of
the vector. 21  [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 0  degree, in
addition to the above-indicated conditions. The angle
formed by them can be  calculated by 5
arccos[m(u)v(u)/(Im(u)llv(u)j)].  Here,  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 and calculating the ranges  in which
they can move in that case, and determining whether or
not the ranges have any 10 common portion. This method
requires a large number of calculations, but can
estimate  whether a collision will occur or not with
high accuracy. [0098] In this manner, 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  15 (step S410; Yes), this determination is
recorded in the flag area in the RAM 103 (step  S41
1), 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  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 22  waiting. [0103] After a vertical
synchronization interrupt occurs, the image
information stored  in the buffer area is transferred
to the VRAM area (step S414). 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 between the viewpoint 301
and the  10 object 311 is smaller than a predetermined
constant, i.e., whether or not the viewpoint 301  and
the object 311 have collided (step S415).
Specifically, with the use of a constant 6,  it is
possible to determine whether or not a collision has
occurred, according to whether or not  Im(u)I<6  15 is
satisfied, or whether or not  Im(u)12<62  is
satisfied. It is preferred that the constant S be
adjusted to be smaller than the  above-described
constant E. 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. 23
[0108] After it is determined that a collision will
occur, the animation display on the  screen seems as
if it were reproduced in slow motion until the
collision actually occurs.  By slowing down the elapse
of time 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 future. [0109] In the explanation of the
above-described process, in order to facilitate
understanding, the explanation has been made with only
one object 311 considered with  respect to the
viewpoint 301. However, since there are a plurality of
objects 311  actually, it is necessary to make
determinations appropriately for each of these. 10
However, when it is determined that a collision with
any of the objects 311 is determined,  the slow-motion
display will start from that time point. [0110]
Further, a value for discriminating whether or not to
perform the collision  determination may be assigned
to the object 311 as its attribute and such a value
may be  stored in the RAM 103 for each object 311, so
that the objects 311 for which the collision 15
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  20 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. 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. 24  [0113] 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. [0114] In case of
performing crossfading, the blending ratio (also
called "a value")  5 between two images is calculated,
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 secured in the RAM 103. [0116]
First, immediately after step S411, i.e., immediately
after it is determined for  10 the first time that a
collision will occur, the variable area a is cleared
to 0. [0117] Meanwhile, in the "another process" at
step S413, the variable area a in the  RAM 103 is
updated as a +- a+B/P. [0118] With this, the value
stored in the variable area a 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-a):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.
[01211 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 25  [0122]
In the present embodiment, a case will be considered
where 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
considered. 5 [0123] 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  within the virtual
threshold period intersects the object, and at least
any one of the  following conditions (a) the angle
formed by the normal vector and the sight line vector
is included  10 in a predetermined first range, (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 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 26  velocity vector are in almost
the same direction (the formed angle is close to 0
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
"collision" is determined. 5 [0126] According to the
present embodiment, how a collision occurs is
predicted  beforehand 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  collision occurs in
the normal reproduction, according to the prediction.
Embodiment 4 10 [0127] In the present embodiment,
after it is determined that a collision will occur,
by displaying images by making the interval at which
images are produced longer than  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. 15 [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  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 E-
s+A. 



[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 27  performed only in a case where s E
is established. In a case where these are performed,
the variable area is updated as s F- s-E, at between
step S414 and step S415. 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 s<- t
immediately after step 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 >_
E is  established, and in a case where these are
performed, updates the variable area s as s F-- s+E at
between step S414 and step S415. [0135] As described
above, by using stop motion, it is possible to greatly
reduce the  15 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 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. 28  CLAIMS  [1] A display (201),
comprising: a storage unit (202) which stores
coordinates of an object and a viewpoint arranged  in
a virtual three-dimensional space, and a sight line
vector representing a sight line along  5 which the
virtual three-dimensional space is observed from the
viewpoint; an associating unit (203) which 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; a
moving unit (204) which obtains positions of the
object and the viewpoint and a  10 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 said storage  unit (202);
a display unit (205) which displays, once in each said
predetermined update period,  15 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
virtual time; and 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 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 29  time
after it is determined that a collision will occur.
[2] The display (201) according to claim 1, 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
in the virtual three-dimensional space, said
determination unit (206) 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 least any one of
following conditions (a) an angle formed by the normal
vector and the sight line vector is included in a  10
predetermined first range, (b) an angle formed by the
sight line vector and the velocity vector is included
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 15 is
satisfied. [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 collision 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 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 30  representing
velocities at which the object and the viewpoint move
in the virtual  three-dimensional space, said
displaying method comprising: an associating step of
associating a time (hereinafter referred to as
"virtual time") in  5 the virtual three-dimensional
space with a time (hereinafter referred to as "real
time") in a  real world once in each predetermined
update period; a moving step of obtaining 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 virtual time, and updating the
10 coordinates of the object and the viewpoint and the
sight line vector stored in said storage  unit; a
displaying step of displaying, once in each said
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 virtual
time; and 15 a determining step of determining 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 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  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.
[6] A computer-readable information recording medium
which stores a program for  



controlling a computer to function as: 31  a storage
unit (202) which 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  5 three-dimensional
space; an associating unit (203) which 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; a
moving unit (204) which obtains positions of the
object and the viewpoint and a  10 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 said storage  unit (202);
a display unit (205) which displays, once in each said
predetermined update period,  15 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
virtual time; and a determination unit (206) which
determines whether or not the viewpoint an d 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 32  elapse of the
real time after it is determined that a collision will
occur.  [7] A program for controlling a computer to
function as: a storage unit (202) which stores
coordinates of an object and a viewpoint arranged  in
a virtual three-dimensional space, a sight line vector
representing a sight line along 5 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; an
associating unit (203) which associates a time
(hereinafter referred to as "virtual  time") in the
virtual three-dimensional space with a time
(hereinafter referred to as "real  10 time") in a real
world once in each predetermined update period; a
moving unit (204) which 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 virtual time, and updates the
coordinates of the object and the viewpoint, and the
sight line vector stored in said storage  15 unit
(202); a display unit (205) which displays, once in
each said 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  virtual time; and 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 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 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 33  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. 


