
1  DESCRIPTION IMAGE PROCESSOR, IMAGE PROCESSING
METHOD, INFORMATION  RECORDING MEDIUM, AND PROGRAM 5
Technical Field [0001] The present invention relates to an image
processor and an image processing  method which are suitable for
drawing an object placed in a virtual three-dimensional  space and made
up of polygons by reducing the number of polygons to be processed, a 10
program for realizing these on a computer, and a computer-readable
information  recording medium storing the program. Background Art
[0002] Conventionally, three-dimensional graphics techniques have been
used in  processes in the field of computer graphics and game devices of
various types. 15 According to such three-dimensional graphics
techniques, the object to be drawn is placed  in a virtual three-dimensional
space. The surfaces of the object are expressed by a  polyhedron. The
corner surface of the polyhedron is a polygon (polygon). The  literature
indicated below discloses such a three-dimensional graphics technique.
Patent Literature 1: Japanese Patent No. 3490983 20 [0003] Generally, in
a case where a state of objects placed in the three-dimensional  space as
seen along a given sight line direction from a viewpoint set in the
three-dimensional space is displayed by three-dimensional graphics, the
following  processes are performed. That is, the angle formed by the
outward normal line of each  object and a sight line vector representing
the direction of the sight line is compared 25 among the respective
objects. Then, the polygons, whose angle is 90 degrees to 180  degrees,
are sorted in the order of those farther from the viewpoint. Further, the  



polygons are subjected to projection transformation (where it is general to
use perspective 2  transformation in which observation is made from the
viewpoint in the sight line  direction) on an image buffer in the order of
farther ones, and the textures assigned to the  polygons are pasted on the
regions where they are projection-transformed. Such a  process is called
Z buffer method. 5 Disclosure of Invention  Problem to be Solved by the
Invention [0004] However, since three-dimensional graphics processes
require enormous  calculations, the demand for reducing the number of
polygons to be processed in an easy  manner (in an approximate manner
depending on the purpose) to shorten the time 10 necessary for the
processes is strong. The present invention was made to solve such a
problem as described above,  and an object of the present invention is to
provide an image processor and an image  processing method which are
suitable for drawing an object placed in a virtual  three-dimensional space
and made up of polygons by reducing the number of polygons to 15 be
processed, a program for realizing these on a computer, and a
computer-readable  information recording medium storing the program.
Means for Solving the Problem [0005] To achieve the above object, the
following invention will be disclosed  according to the principle of the
present invention. 20 An image processor according to a first aspect of the
present invention  comprises a storage unit, a determination unit, and a
generation unit, which are  configured as follows. [0006] First, the storage
unit stores each of a plurality of polygons making up  surfaces of an object
placed in a virtual three-dimensional space, in association with any  



25 of surfaces of an approximate polyhedron which approximates a shape
of the object. For example, in a case where an object of a construction
such as a building or  a tower is disposed in a virtual three-dimensional
space, surfaces such as concrete 3  surfaces, window surfaces,
reinforcing bar surfaces, etc. on the superficial surface of the  construction
are expressed while divided into polygons (polygons). [0007] For example,
a rectangular parallelepiped or a quadrangular pyramid can be  adopted
as an approximate polyhedron of such a construction. This is because a
rough  5 shape of a building is often a rectangular parallelepiped and a
rough shape of a tower is  often a quadrangular pyramid. Then, each
polygon (polygon) is stored in association with any of the surfaces  of the
rectangular parallelepiped or the quadrangular pyramid. [0008]
Meanwhile, the determination unit determines whether or not each of the
10 surfaces of the stored approximate polyhedron can be seen, in a case
where the virtual  three-dimensional space is observed along a
predetermined sight line direction from a  predetermined viewpoint. That
is, according to the present invention, not the comparison is made by
calculating an angle formed between the outward normal vector of each
polygon and a  15 sight line direction vector, but the comparison is made
by calculating an angle formed between the outward normal vector of
each surface of the approximate polyhedron and  the sight line direction
vector. Since the approximate polyhedron represents a rough  shape of
the object as described above, when the number of polygons making up
the outer  shape of the object and the number of surfaces of the
approximate polyhedron are 20 compared, the fanner is generally by far
larger than the latter. [0009] Further, the generation unit generates an
image, as observed along the  predetermined sight line direction from the
predetermined viewpoint, of polygons, among  



the plurality of polygons stored in association, that are associated with
surfaces of the  approximate polyhedron that are determined at a
determining step as can been seen. 25 That is, only such polygons that
are associated with surfaces, among the  surfaces of the approximate
polyhedron, that can be seen when observed along a current  sight line
direction from a current viewpoint, are subjected to three-dimensional
graphics 4  processes, and various processes for polygons associated
with surfaces, among the  surfaces of the approximate polyhedron, that
cannot be seen are omitted. [0010] According to the present invention, it is
possible to draw an object placed in a  virtual three-dimensional space
and made up of polygons by reducing the number of 5 polygons to be
processed, and shorten the calculation time required for drawing. [0011] In
image processor of the present invention, each of the plurality of polygons
may be stored in association with such a surface of the approximate
polyhedron, that has  an outward normal line with which an outward
normal line of that polygon forms a  smallest angle. 10 This invention is for
defining the associational relationship between each  surface of the
approximate polyhedron and each polyhedron on the surface of the
object,  in the above-described invention. [0012] Most simply, it is possible
to associate each polyhedron on the surface of the  object with a surface
of the approximate polyhedron that is the closest to that polyhedron.  15
Even with such association, it is often possible to obtain an image with a
sufficient quality, depending on the shape of the object or the field of
application of three-dimensional  graphics. [0013] Meanwhile, according to
the present invention, association is made, in  advance, to such a surface,
among the surfaces of the approximate polyhedron, whose  20 outward
normal vector forms the smallest angle with the outward normal vector of
a 



polyhedron. This invention adopts approximation of some kind for
determining whether  a polygon can be seen or not, but performs this
determination as accurately as possible by  utilizing the associational
relationship of this invention. According to this invention, there is provided
a guideline for determining the  25 association between the polygons and
the surfaces of the approximate polyhedron, and  once such association is
made, rapid processes become available because labor required  for
three-dimensional graphics processes is the same as in the
above-described invention. 5  [0014] In the image processor according to
the present invention, the approximate  polyhedron may be a polygonal
column which circumscribes the object and one of its  surfaces may
contact a ground in the virtual three-dimensional space, the plurality of
polygons may be stored in association with surfaces other than the
surface contacting the 5 ground, and the determination unit may
determine whether or not the surfaces can be seen,  except the surface
contacting the ground. [0015] As in the above-described example, in a
case where a construction placed in a  virtual three-dimensional space is
to be drawn, it is obvious that there is no chance of the  surface contacting
the ground being drawn. Hence, according to this invention, such a  10
process is omitted. According to this invention, no polygon is associated
with the surface of the  approximate polyhedron that contacts the ground
to omit the determination process for  the surface contacting the ground
and reduce the amount of calculations required for the  three-dimensional
graphics processes, making it possible to perform rapid processes. 15
[0016] In the image processor according to the present invention, the
approximate  polyhedron may be a polygonal cone which circumscribes
the object and its bottom  surface may contact a ground in the virtual
three-dimensional space, the plurality of  polygons may be stored in
association with surfaces other than the bottom surface, and  



the determination unit may determine whether or not the surfaces can be
seen, except the  20 bottom surface. According to the above-described
invention, a polygonal column (typically, a  rectangular parallelepiped) is
adopted as the approximate polyhedron. According to this  invention, a
polygonal cone is adopted as the approximate polyhedron and its bottom
surface is a surface contacting the ground. 25 According to this invention,
no polygon is associated with the surface of the  approximate polyhedron
that contacts the ground likewise in the above-described  invention, to
omit the determination process for the surface contacting the ground and
6  reduce the amount of calculations required for the three-dimensional
graphics processes,  making it possible to perform rapid processes. [0017]
An image processing method according to the second aspect of the
present  invention is performed by an image processor comprising a
storage unit, a determination  5 unit, and a generation unit. The storage
unit stores each of a plurality of polygons making up surfaces of an object
placed in a virtual three-dimensional space, in association  with any of
surfaces of an approximate polyhedron which approximates a shape of
the  object. The method comprises a determining step and a generating
step, which are  configured as follows. 10 [0018] That is, at the
determining step, the determination unit determines whether or  not each
of the surfaces of the stored approximate polyhedron can be seen in a
case where  the virtual three-dimensional space is observed along a
predetermined sight line direction  from a predetermined viewpoint. [0019]
Meanwhile, at the generating step, the generation unit generates an
image, as  15 observed along the predetermined sight line direction from
the predetermined viewpoint,  of polygons, among the plurality of polygons
stored in association, that are associated  



with surfaces of the approximate polyhedron that are determined by the
determination  unit as can be seen. [0020] A program according to
another aspect of the present invention is configured  20 to control a
computer to function as the above-described image processor, or to
control a  computer to perform the above-described image processing
method. 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, amnagneto optical disk, a digital video
disk, a magnetic tape, a semiconductor  25 memory, etc. The
above-described program can be distributed and sold via a computer
communication network, independently from a computer on which the
program is 7  executed. Further, the above-described information
recording medium can be  distributed and sold independently from the
computer. Effect of the Invention [0021] According to the present
invention, it is possible to provide an image 5 processor and an image
processing method which are suitable for drawing an object  placed in a
virtual three-dimensional space and made up of polygons by reducing the
number of polygons to be processed, a program for realizing these on a
computer, and a  computer-readable information recording medium
storing the program. Brief Description of Drawings 10 [0022] [FIG. 1] It is
an explanatory diagram showing a schematic structure of a  typical game
device on which an image processor according to one embodiment of the
present invention is realized. [FIG. 2] It is an exemplary diagram showing
a schematic structure of the  image processor according to one
embodiment of the present invention; 



15 [FIGS. 3] They are diagrams showing relationships between objects
and  virtual polyhedrons. [FIG. 4] It is an explanatory diagram showing a
relationship among a  viewpoint, a direction of a sight line, a surface of a
virtual polyhedron, and a polygon.  [FIG. 5] It is a flowchart showing the
flow of control of an image process 20 performed by the image processor
according to the present embodiment.  Explanation of Reference
Numerals [0023] 100 game device  101 CPU 102 ROM  25 103 RAM  104
interface  105 controller s  106 external memory 107 image processing
unit  108 DVD-ROM drive 109 NIC 5 110 audio processing unit  201
image processor 202 storage unit 203 determination unit  204 generation
unit 10 301 object 302 virtual polyhedron  401 polygon 



402 viewpoint  403 sight line 15 404 surface of a virtual polyhedron  411
position vector of the polygon  412 sight line direction vector 413 outward
normal vector of the polygon 421 position vector of the surface of the
virtual polyhedron 20 423 outward normal vector of the surface of the
virtual polyhedron  Best Mode for Carrying Out the Invention [0024] The
embodiments of the present invention will be explained below.
Embodiments in which the present invention is applied to a game device
on which  three-dimensional graphics are displayed will be explained
below in order to facilitate 25 understanding. However, the present
invention can likewise be applied to infonnation  processing apparatuses
such as computers of various types, PDAs (Personal Data  Assistants),
portable telephones, etc. That is, the embodiments to be explained below
9  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  equivalents of those, such
embodiments will also be included in the scope of the present  5 invention.
Embodiment 1 [0025] FIG. 1 is an explanatory diagram showing a
schematic structure of a typical  game device on which an image
processor according to the present invention will be  realized. The
following explanation will be given with reference to this diagram. 10
[0026] 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 1.07, a DVD-ROM drive 108, an NIC
(Network Interface Card) 109, and  an audio processing unit 110. By
loading a DVD-ROM storing an image processing program and data onto
15 the DVD-ROM drive 108 and turning on the power of the game device
100, the program  will be executed and the image processor according to
the present embodiment will be  realized. [0027] 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,
hit inversion, bit shift, bit rotation, etc. upon 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 10  coprocessor.
[0028] 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. [0029] 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 upon the register, and writing back the
operation result to the memory, etc. [0030] 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. 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. [0031] 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. [0032] 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) 11  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. 



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 [0033] 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 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. [0034] Further, it is general that the
image calculation processor has a rendering  20 function of projecting a
bitmap image (texture image) of a triangle or a quadrangle by
appropriately deforming it into an area defining another triangle or
quadrangle. [0035] The NIC 109 is for connecting the game device 100 to
a computer  communication network (unillustrated) such as the Internet,
etc., and comprises a  IOBASE-T/100BASE-T product used for building a
LAN (Local Area Network), an 25 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 12  line, or the like, and an interface (unillustrated) for
intermediating between these and the  CPU 101. [0036] 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  



5 (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. 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  10 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)  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. 15
[0037] 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  device such as a hard
disk, etc. [0038] FIG. 2 is an exemplary diagram showing a schematic
structure of an image  20 processor according to one embodiment of the
present invention. The following  explanation will be given with reference
to this diagram. The image processor 201  according to the present
embodiment comprises a storage unit 202, a determination unit  203, and
a generation unit 204. [0039] Here, the storage unit 202 stores each of a
plurality of polygons, which  25 constitute the surfaces of an object placed
in a virtual three-dimensional space, in  association with any of the
surfaces of an approximate polyhedron, which approximates  the shape of
that object. 13  [0040] FIGS. 3 are explanatory diagrams showing
examples of shapes of objects  placed in the virtual three-dimensional
space, and examples of approximate polyhedrons  



corresponding to them. The following explanation will be given with
reference to these  diagrams. In these diagrams, the contours of the
objects are indicated by solid lines and 5 the contours of the approximate
polyhedrons are indicated by broken lines respectively.  [0041] FIG. 3 (a)
shows the relationship between a building object 301 placed in the  virtual
three-dimensional space and its virtual polyhedron 302. In many cases,
rough shapes of buildings are typically a rectangular  parallelepiped,
though may sometimes take a shape like a polygonal column. The shape
10 of the object 301 of the present example is generally a rectangular
parallelepiped. The polygons making up the object 301 are pasted with
textures of concrete surfaces,  windows, etc. to express a building in the
virtual three-dimensional space. [0042] Hence, a rectangular
parallelepiped (quadrangular prism), which has the  major constructional
elements (walls and ceiling) of the building object 301 as its surfaces,  15
is adopted as the virtual polyhedron 302. [0043] FIG. 3 (b) shows the
relationship between a tower object 301 placed in the  virtual
three-dimensional space and its virtual polyhedron 302. In many cases,
rough shapes of towers are typically a polygonal column, a  polygonal
cone, and a polygonal frustum (the remainder of a polygonal cone from
which  20 its top portion is cut off), and the shape of the object 301 of the
present example is generally a quadrangular pyramid. The polygons
making up the object 301 are pasted  with a mesh-like texture
representing reinforcing bars, and further with textures of  concrete
surfaces, windows, etc. likewise the above-described object 301, to
express a  tower in the virtual three-dimensional space. 25 [0044] Hence,
a quadrangular pyramid, which has the major constructional elements
(walls) of the tower object 301 as its surfaces and has the top of the object
as its vertex, is  adopted as the virtual polyhedron 302. 14  



[0045] It is typically preferred that a polyhedron which circumscribes the
object 301  (or includes the polygons of the object 301 or overlaps with the
polygons of the object  301), or represents the general shape of the object
301 (accordingly, may have a surface  that intersects the polygons of the
object 301), particularly, a polygonal column or a 5 polygonal cone be
adopted as the virtual polyhedron 302. This is because the number of
surfaces of such polyhedrons is by far smaller than the number of
polygons making up the  object 301. It is the intention to reduce the
amount of calculations, by trimming off  polygon processes by the
surfaces of the virtual polyhedron 302, as will be described  later. 10
[0046] The storage unit 202 stores each of the polygons of the object in
association  with any of the surfaces of such a virtual polyhedron. How to
define such association  will be explained below. FIG. 4 is an explanatory
diagram showing a positional  relationship among a viewpoint, a sight line
direction, one surface of a polyhedron, and  one polygon. The following
explanation will be given with reference to this diagram. 15 [0047] In
three-dimensional graphics, a state of a polygon 401 placed in a virtual
three-dimensional space as seen along the direction of a sight line 403
from a viewpoint  402 set in the space is drawn. A position vector r 411 of
the polygon 401, whose origin  is at the viewpoint 402, a direction vector s
412 of the sight line 403 starting from the  viewpoint 402, and an outward
normal vector n 413 of the polygon 401 will be  20 considered. [0048] The
destination pointed to by the position vector r 411 of the polygon 401 is
any of the representative points inside the polygon 401, typically any of
the vertexes of  the polygon 401 or the median point of the polygon 401.
[0049] Strictly, the determination whether the texture of the polygon 401
should be  25 drawn or not is determined based on the range of the angle
formed between the position  vector r 411 and the outward normal vector
n 413. However, in the case of an object  



which is apart by a predetermined distance or larger, an approximate
calculation may be 15  done by using the sight line direction vector s 412
instead of the position vector r 411.  That is, when strictly -1
<_(rm)/(Irllnl)s0  or approximately 5 -1<_(sn)/(sllnj)<0 is established (when
the angle formed between both the vectors is equal to or larger than  90
degrees and equal to or smaller than 180 degrees), the surface of the
polygon 401 can  be seen from the viewpoint 402. Needless to say, with
further use of arecos(.), the angle  itself may be obtained to do the
determination. 1.0 [0050] Accordingly, it is essentially necessary to do the
calculations of the inner  product described above (the calculation for
obtaining the angle formed between the  vectors) for each polygon 401.
[0051] According to the present embodiment, the determination is done
with the use  of a surface 404 of the virtual polyhedron 302, that is
associated with the polygon 401.  15 A plurality of polygons 401 are
associated with the surface 404, and by determining whether or not the
surface 404 can be seen, the determination whether or not the plurality  of
polygons associated with the surface 404 can be seen is done collectively
(approximately). [0052] As shown in the present diagram, a position vector
r' 421 of the surface 404,  20 whose origin is at the viewpoint 402, and an
outward normal vector n' 423 of the surface  404 will be considered. The
destination pointed to by the position vector r' 421 is a  representative
point inside the surface 404, typically the median point or any vertex of the
surface 404. [0053] Likewise in the case of polygon 401, it is possible to
determine whether or  



25 not the surface 404 of the virtual polyhedron 302 can be seen, by or 16
[0054] Hence, in order to approximate the determination whether or not
the polygon  401 can be seen by the determination whether or not the
surface 404 can he seen, it is  required that the angle formed between the
outward normal vector n 411 of the polygon 5 401 and the outward normal
vector n' 423 of the surface 404 be narrow. For each of the  plurality of
polygons 401, the value (n-n')/(Inlln' D is calculated regarding that polygon
401 and each surface 404 of the virtual polyhedron  302, so that the
polygon 401 may be associated with such a surface 404 with which this
10 value is the largest (the closer to 1 this value is, the smaller the angle
formed between  them is). [0055] In this manner, the storage unit 202
stores the association between a polygon  401 and a surface 404. [0056]
Note that in the case of a construction such as a building, a tower, etc., its
15 bottom surface (the surface at which the construction contacts the
ground) can never be  seen. Hence, according to the present
embodiment, the surface that contacts the ground  will not be adopted as
a surface of the virtual polyhedron 302. Each polygon 401 is to  be
associated with any of the surfaces 404 that are disposed at the side
surfaces or the top  surfaces of the virtual polyhedron 302. 20 [0057]
Further, though determining whether or not the polygon 401 can be seen
according to whether or not the surface 404 of the virtual polyhedron 302
can be seen is  an approximate method, this can often obtain a sufficient
visual effect, depending on the  field to which the present embodiment is
applied. Though having said this, it is also  possible to make this
approximation as accurate as possible, within the range in which the 



25 amount of calculations does not increase (processes for the polygons
401 that cannot be  seen are reduced by as many as possible). [0058]
That is, in the foregoing explanation, a polygon is determined as can be
seen 17  in a case where the angle formed between the two vectors is
equal to or larger than 90  degrees and equal to or smaller than 180
degrees. This lower limit is to be lowered by a  bit. For example, with an
angle of margin set to 10 degrees, a rule is laid that a polygon  is
determined as can been seen in a case where the angle formed between
the two vectors 5 is equal to or larger than 80 degrees and equal to or
smaller than 180 degrees.  Specifically, when this angle of margin is
referred to as 0 (050<_90, i.e., 0_<0<_7t/2), the  determination can be
done according to -l. <_(r'-n')/(Jr' j]n' D)ScosO  or 10
-1<_(sn')/(jsjjn'D)<_cos0. [0059] The determination may be done
according to  n?arecos((r'.n')/(Ir' F Fn' D))?n/2-0 or  n?arccos((s.n')/(Is) Fn'
D))?n/2-0 15 if expressed in terms of the angle formed between the
vectors. It is possible to  arbitrarily select which determination is to use,
depending on what kind of hardware or  basic library is provided in the
computer. [0060] Note that it is general to determine the length of a
normal vector or a sight  line direction vector as 1. That is, 20 (nj=n'j=jsj=1
In this case, it is possible to simplify each of the above-indicated
determination criteria as follows. 



-1 <_(r' m')/fir' j<_cosO;  -1<(s.n')ScosO;  25 n2arccos((r'n')/Ir'j)_7c/2-0;
7Tzarccos(sn')?7/2-0  As obvious from the glance at these, it can be
considered that the calculation 18  time is shorter with the use of the sight
line direction vectors 412 rather than with the use  of the position vector r'
421. [0061] Further, when 0 is set to 0('=0), there is no margin, while 0 is
set to 90(=rt/2),  the process is carried out with all the polygons 401
determined as can be seen.  5 Accordingly, the value of 0 may be
arbitrarily be set according to the field of application  and the capacity of
the computer resources. [0062] FIG. 5 is a flowchart showing the flow of
control of an image process  performed by the image processor. The
following explanation will be given with  reference to this diagram. 10
[0063] It is assumed that the storage unit 202 already stores each of the
polygons 401  of an object 301 in association. with any of the surfaces
404 of a virtual polyhedron 302,  as described above. [0064] Hence, first,
the determination unit 203 performs processes repeatedly for  each of the
surfaces 404 of the virtual polyhedron 302. First, the determination unit
203  15 determines whether all the surfaces 404 have been processed
(step S501), acquires one unprocessed surface 404 (step S502) if there is
any unprocessed surface 404 (step S501;  No), and determines whether
or not the outer surface of that surface 404 can be seen in a  case where
the surface 404 is observed along the direction of the sight line vector s
412  from the viewpoint 402 set in the virtual three-dimensional space
(step S503). At this 20 time, as described above, the outward normal
vector n' 423 assigned to the surface 404,  



or where necessary, the position vector r' 421 of the surface 404 that is
from the  viewpoint 402, will be used. [0065] In a case where the outer
surface of the surface 404 can be seen (step S503;  Yes), all the polygons
401 stored in the storage unit 202 in association with this surface  25 404
are registered in a Z buffer (step S504), and the flow returns to step S501.
Here, the Z buffer is an array-like storage area which is prepared in the
RAM 103 or the like, and is  used for determining the relationship among
polygons whether they are farther or closer 19  from the viewpoint. [0066]
On the other hand, in a case where the outer surface of the surface 404
cannot  be seen (step 5503; No), the flow returns to step 5501. [0067] As
known from the above, in a case where the image processor 201 is  5
realized on the game device 100, the CPU 101 functions as the
determination unit 203 in  cooperation with the RAM 103. Other than this,
in a case where multimedia instructions,  vector operation instructions,
parallel arithmetic instructions, etc. of the image processing  processor
can be used, the function of the determination unit 203 may be fulfilled by
parallel processing of the above-described repetition or with the use of
vector operation  10 instructions, etc. [0068] Then, when processes of all
the surfaces 404 have been completed (step  5501; Yes), the generation
unit 204 sorts the polygons 401 registered in the Z buffer in  the order of
those farther from the viewpoint (step 5505). Then, the generation unit
204  repeats the following processes for the farthest polygon 401 to the
closest polygon 401. 15 [0069] That is, the generation unit 204 determines
whether all the polygons 401  registered in the sorted Z buffer have been
processed (step 5506), acquires the polygon  401 farthest from the
viewpoint 401 among unprocessed polygons 401 (step 5507) if  there is
any unprocessed polygon 401 (step 5506; No), applies a predetermined  



perspective transformation based on the position information and posture
information of 20 that polygon 401 in the virtual three-dimensional space,
the position of the viewpoint, and  the sight line direction (step 5508),
secures a region on which the polygon 401 is to be  projected in a screen
buffer (step 5509), pastes the texture assigned to the polygon 401 in  that
region (step S510), and returns to step 5506. In this manner, the CPU 101
functions as the generation unit 204 in  25 cooperation with the RAM 103
and the image processing processor of the image  processing unit 107.
[0070] Through the repetitive process of step 5501 to step 5504, only such
polygons 20  401, whose texture surface (is determined as) can he seen,
are registered in the Z buffer. Therefore, it is naturally possible to do with
a smaller amount of calculations  than required in a case where all the
polygons 401 are registered in the Z buffer. Further,  it is apparent that the
amount of calculations can he reduced with the use of the 5 approximate
method of the present embodiment, compared with performing preliminary
processes of whether can be seen or cannot be seen for all the polygons
401. [0071] Hypothetically, even if a polygon 401 which cannot actually be
seen is  registered in the Z buffer, when the object 301 is a closed
polyhedron, the polygon 401  which cannot actually be seen is, (almost
certainly), to be overwritten with a polygon 401 10 that exists at a closer
position to the viewpoint 402 than it does. Therefore, it can be  considered
that a sufficient performance is exerted in such an application as a racing
game where background images (to which the player does not necessarily
pay attention)  are generated in real time. [0072] Then, after the drawing
on the screen buffer is done through the  15 above-described repetitive
steps S506 to step S510 (step S506; Yes), the content in the  screen
buffer is transferred to a display device at a vertical synchronization signal
cycle  



so that the generated image may be displayed (step S51 1), and the
present process is  terminated. [0073] As described above, according to
the present embodiment, it is possible to  20 generate three-dimensional
graphics as rapidly as possible, by reducing the number of  polygons to be
the object of calculations. [0074] The present application claims priority
based on Japanese Patent Application  No 2004-275722, the content of
which is incorporated herein in its entirety. Industrial Applicability 25
[0075] As explained above, it is possible to provide an image processor
and an image  processing method which are suitable for drawing an object
placed in a virtual  three-dimensional space and made up of polygons by
reducing the number of polygons to 21  be processed, a program for
realizing these on a computer, and a computer-readable  information
recording medium storing the program, and to apply these to realizing a
racing game or an action game where rapid three-dimensional graphics
processes are  required, and to virtual reality techniques, etc. for providing
virtual experiences of various  5 types. MCSLLP  22 CLAIMS  [1] An
image processor, comprising: a storage unit which stores each of a
plurality of polygons making up surfaces of 5 an object placed in a virtual
three-dimensional space, in association with any of surfaces  of an
approximate polyhedron which approximates a shape of the object; a
determination unit which determines whether or not each of the surfaces
of the  stored approximate polyhedron can be seen, in a case where the
virtual  



three-dimensional space is observed along a predetermined sight line
direction from a  10 predetermined viewpoint; and a generation unit which
generates an image, as observed along the predetermined  sight line
direction from the predetermined viewpoint, of polygons, among the
plurality  of polygons stored in association, that are associated with
surfaces of the approximate  polyhedron that are determined by said
determination unit as can been seen. 15 [2] The image processor
according to claim 1, wherein each of the plurality of polygons is stored in
association with such a  surface of the approximate polyhedron, that has
an outward normal line with which an  outward normal line of that polygon
forms a smallest angle. 20 [3] The image processor according to claims 1
or 2, wherein said determination unit determines that a surface of the
approximate  polyhedron can be seen, in a case where an angle formed
between a vector representing  the sight line direction and an outward
normal vector of that surface of the approximate MCSLLP  23 polyhedron
is greater than or equal to 90 degrees and less than or equal to 180
degrees.  [4] The image processor according to claims 1 or 2, wherein
said determination unit determines for each surface of the approximate  5
polyhedron whose origin is at the viewpoint, that the surface of the
approximate  polyhedron can be seen, in a case where an angle formed
between a position vector of a  representative point of that surface of the
approximate polyhedron, and an outward  normal vector of that surface of
the approximate polyhedron is greater than or equal to  90 degrees and
less than or equal to 180 degrees, said representative point being either a 



10 vertex or a median point of that sufface of the approximate polyhedron.
[5] The image processor according to either one of claims I to 4, wherein:
the approximate polyhedron is a polygonal column which circumscribes
the object and one of its surfaces contacts a ground in the virtual
three-dimensional 15 space; the plurality of polygons are stored in
association with surfaces other than the  surface contacting the ground;
and said determination unit determines whether or not the surfaces can be
seen, except  the surface contacting the ground. 20 [6] The image
processor according to either one of claims 1 to 4, wherein: the
approximate polyhedron is a polygonal cone which circumscribes the
object, and its bottom. surface contacts a ground in the virtual
three-dimensional space;  the plurality of polygons are stored in
association with surfaces other than the MCSLLP  24 bottom surface; and
said determination unit determines whether or not the surfaces can be
seen, except  the bottom surface. 5 [7] An image processing method
performed by an image processor comprising a  storage unit, a
determination unit, and a generation unit, said storage unit storing each of
a plurality of polygons making up surfaces of an  object placed in a virtual
three-dimensional space, in association with any of surfaces of  an
approximate polyhedron which approximates a shape of the object, 10
said method comprising: a determining step at which said determination
unit determines whether or not  



each of the surfaces of the stored approximate polyhedron can be seen in
a case where  the virtual three-dimensional space is observed along a
predetermined sight line  direction from a predetermined viewpoint; and 15
a generating step at which said generation unit generates an image, as
observed  along the predetermined sight line direction from the
predetermined viewpoint, of  polygons, among the plurality of polygons
stored in association, that are associated with  surfaces of the
approximate polyhedron that are determined at said determining step as
can be seen. 20 [8] A program for controlling a computer to function as: a
storage unit which stores each of a plurality of polygons making up
surfaces of  an object placed in a virtual three-dimensional space, in
association with any of surfaces  of an approximate polyhedron which
approximates a shape of the object; MCSLLP  25 a determination unit
which determines whether or not each of the surfaces of the  stored
approximate polyhedron can be seen, in a case where the virtual
three-dimensional space is observed along a predetermined sight line
direction from a  predetermined viewpoint; and 5 a generation unit which
generates an image, as observed along the  predetermined sight line
direction from the predetermined viewpoint, of polygons,  among the
plurality of polygons stored in association, that are associated with
surfaces  of the approximate polyhedron that are determined by said
determination unit as can  been seen. 


