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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 thiee-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-din%ﬁ%ig%g)l]é) hics 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

technigueSER OO OR bevotew P s riassiNG MEiTyelihreectinensioral
space. The surfaces of the object are expressed by a polyhedron. The

corner surface of thBifolYRBEGNNE-R Boklgon [pBRGEMATFhe 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 statel of opjectg Hl@&%gl m lﬂ;g (}hree-d@mensipnal space as
seen along a given sight line direction %rom a viewpoint set in the

{boeedimenisignalspacedsdisplaye by three-giensional 41 aphierthaBssing
following processes are performed. That is, the angle formed by the

owsthved ovhishmed $ineldt dactravbjecrarikel sightdimeavadtot tepredentingnal
the direction of the_sight line is compared 25 among the respective

eI, R FSIySOMs PiBuE tindeuTatrtRigre e tes 18 be aeied 2
BIEPRH Pt 10 R ARl MR RIDCLIEM IS WS WRRIRh FHES L e
recording medium storing the program.
Background Art

[0002] Conventionally, three-dimensional graphics techniques have been used in
processes i the field of computer graphics and game devices of various types.
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
[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 foliowing
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
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
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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
B T o et Fir R o e Mot

ARPERAIDA AN NG PHIRRSR) 40 %%HI%@;ﬂ}%émﬁépaﬂﬁﬁ%s@%@ra@%ned to the

processes is strong. The present invention was made to solve such a

RIehiesuaspdeascbat-abgves vanseahcohjechofldha presentinventioncds 40
provide an image processor and an image processing method which are
mofesble teatdwingcamebjekt placed in a virtual three-dimensional space

and made up of polygons by, r,eo!:cing tgﬁbnumber of polygons to 15 be
|

processed, a program for reali¥ing thede B4 @ mputer, and a

computer-readable inf%mggqggggg[gggg,mgg%%ﬁggng the program.

Means for Solving the Problem [0005] To achieve the above object, the
[@iaying invertion Mild@rdistiiosedoadcargingstertbesprngiplecehthtous
present invention. 20 An image processor according to a first aspect of the
redertnpvibatemasdinpricds aster agm batiopderanhindyonaniscdnn @ casy
rg‘eneration unit, which are C,.O'};;i ured as fo)lows. EOOOG]FgrSt, the storage
P S OP & RSB PARR S E% Y HIREP OIS 40 PEERE S Bbject
I@@eggggyi%@ t\ﬁigtgﬁk@g@g@@g{gional space, in association with any

The present invention was made to solve such a problem as described above,
and an object of the present invention 1s 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
be processed, a program for realizing these on a computer, and a computer-readable
information recording medium storing the program.

Means for Solving the Probiem
[0605] To achieve the above obiect, the following invention will be disclosed
according to the principle of the present invention.

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
of surfaces of an approximate polyhedron which approximates a shape of the object.

For example, in a case where an object of & construction such as a building or

a tower is disposed in a virtual three-dimensional space, surfaces such as concrete
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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 app%(imat% polyhedron of such a construction. This is because a

LSS5 SHEPE B ARSIRG 16 BHEN A rEtteh gl ar AR W aof the

591%%&!@19&%&%@%3rﬁil?ﬁ%@d@cﬂiﬂﬂdgﬂﬂ%@(2X[%#@),Then’ each

polygon (polygon) is stored in association with any of the surfaces of the
feerangulapataligirpipedigidh e guadaagpiarpy amidal@0@8hyramid can be
Meanwhile, the determination unit determines whether or not each of the
Ao Eedfaresobihe e approximiaicholybretdronican Ddiseehedmese casegh
where the virtual, three-dimensional space is observed alo

ng a )
PrRG Sl HHAR SIS AT RS SrEEROI IR prinsd e riated é%@ﬁ%f?ﬁ?’t‘ﬁ%ﬁr 18
éﬁeﬁﬁcﬂﬂ%éﬁép&%ﬁﬁﬁm invention, not the comparison is made by

calculating an angle formed between the outward normal vector of each
polygon amdea, dRisight sinepiectinniyvacted iBukibe LRMPAISOR IF Ma6@ faces
by calculating an angle formed between the outward normal vector of

efdbhrsoifagdo el almproximates golthetroandathé sight line direction
vector. Since the approximate polyhedron represents a rough s%gge of

& Shject Y6 HEEdnlY SH6TR MRS e RishIBEr oF BoRrg Shatheaah gfie
he.ouigk @@@8&@&%@0991%@2%&9&%%%@% &feﬁyﬁi%%%eo\%%??y&w ual

approximate polyhedron are 20 compared, the fanner is generall ar
tekgelithanithel laties. iFORVEd AL, {he-gaBeratian Rt gRNBF&eSHIbm a

image, as observed along the predetermined sight line direction from the
pradistermid et viesgoint, of polygons, among

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
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
compared, the former 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.

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
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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 obgerved 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

BRASED LB AR RIRTRISH oo eee srans ter tvd bradasrsimmamdicit is
Rosslble . diauan obiecs plaged 2, vitualahiee dimensional space

and made up poﬁygonps y reo?uéin'gt e number of 5 polygons to be
preegssedaangishorianthe calculation fimesraaudiredfor Haning:lQQikLLin, a
image processor of the present invention, each of the plurality of polygons
nidyebdrstodedeiniassogiatiomwith sughad soliface bf theapprdximateer of
polyhedron, that has an outward normal line with which an outward

Rl iR DR iRRar OB OIS e sialadpagie reysddandention is for
fining the associational reéqponshi etween each suyface oL he T
p;:f)r1 ximalt%el%qgﬁ?l‘% fon and ea mégfyh“ev&%ﬁ‘ o %ﬁ%%ﬁﬁ‘ba Eﬂg ihﬁgfp olygons
Rhjest. sitrdne abovemsaseripeddnvantion 2l MestSpRKhiSPASSINGas
to associate each polyhedron on the surface of the object with a surface
of thivaproximidiecpelihetidnithattis tier closa sttodthiétpeljiedrnmslb
Even with such association, it is often possible to obtain an image with a
e APYEality, depending on the shape of the object or the field of
application pf. ree:dimensional,craphics, [0a131 Maanutile. according o
the present invention, association s ma e, In advance, 10 s ch a sur ace,
AMBAGL IR SRS AE e BRRXMAE-RYYNediah ¥ase AR OUMIR dhiect,
normal vector forms the smallest angle with the outward normal vector o%
@ the above-described invention.

10012] 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.
Even with such association, it is often possible to obtain an image with a sufficient quality,
depending or 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
outward normal vector forms the smallest angle with the outward normal vector of a
poiyhedron. 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
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.
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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 assgciation 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

HB006-desaribeinPReRRS 5" f5BT41A thEREGENbIBLEYSEr Aecoramgnate
@)?vgfgglso%nr%"nvb%nziuorgvtz%eaag lilox?l(lmv%%hq,%‘l E%Q&%E‘emﬁ‘é( ()t%)ee%tpagg/ gl?en(%‘lits
ofumn which circamscribes the gbject and one of Its surfaces may

sonfactB.grainngdin theuMirtwahthvaamlimeesionalspagepibe pUrityef or

polygons may be stored in association with surfaces other than the

stitface conthetingethe Bsgroandy anth thefdetartindtiorthenitufaay contacting the

determine whether or not the surfaces can be seen, except the surface

EoHsk aRg TRt Gio TR Db T Re Y HiamabsveheseAbRe dicaitecssa be scen,

case.where cons{gg&tigqﬁglaced d'_n a virtual three-dimensional space is

t

except ihesugtace co i} STOUR. | .
to bg rawn, it Is o V|ou§é a t%ere is no chance of the surface contacting

the; groundhbeingcdrawin.dEleneed NG 1O LS IMENEoBL SHRN & Ai%ed in a
process is omitted. According to this invention, no polygon is associated
withafHbretdana obthesrapprokirhatigyolyhedebmithaticothact s thedypoundf the
to omit the determination process for the surface contacting the ground

SR QeRiacte Bnstmpdreie istivhs feiretrrording thifdsimstissionsh a

rac%hicg Drocesses, making it possible to perform rapid processes. 15
%%léi hthe Image processor according to the present invention, the

approximat@.peiybedien MahkenaRalygenalisens WMNaRHRGHMSEIRES T e
the object and its bottom surface may contact a ground in the virtual

threeinie pslphalrspéce ctheapluthlityohdolygonshméycbeaisttirechincess for
t%sessc&g%ggéocg)r\{gelltcr%igg g%Cgergu%g]gr{d:[ r;gguctzg ?hg %};[]%Tnts gtr" f&??ﬁk?t?c?ns required for the
three-dimensional graphics processes, making it possible to perform rapid processes.
[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
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.

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



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 apprgximate 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 .
BTN tHEBREHR RATR AU S Bk tHd W Pratuceshimpting thergpbish darierses.
608 Qﬁ%&@ﬁbﬁ‘mgﬁ%&fnﬁﬁlgﬁ%txic?@es required for the three-dimensional

, makin

graphics’processe it poss?ﬁ?é’ to perform rapid processes. [0017]

fwnimage proGassingonethetRECUING 18P 386G APREREPEAR present

present invention is performed by an image processor comprising a
steragenun s dodetarhyinatione Spomitsamd engeseraticn it uiheastekagénation
unit stores each of a plurality of polygons making up surfaces of an object

S Piidtin BURRINTHe- diffeHSiBRa B Ats el v iit! anlysms
%LMI@I %[1 .2Pp oximate polyhedron which approximates a shape of . .
T e S giion

stepaMvieRuafe e Onfig uperh sl Qs hi& QAL T AfisiiAkties shape of the

determining step, the determination unit determines whether or not each
obitite sUifiaceslofthengtosetkajsproxiniatstpobhibdgenccampeigesvhichare
case where the virtual three-dimensional space is observed along a
prabetEin & gt line direction from a predetermined viewpoint. [0019]

1 whil e generating step, the, generation unit generates an
0 m&a?gle’ eﬂ%% ,Sagt%e e? rrrgmrﬁges’it)el% de &]e%amu dth%u%grhee rmines whether or

£l
as 15 observed along t ermined sight line direction from

Hhe dacpdeternained Mie RO -9 LpsIYeRNS: 301G MERIFRIBLOT POMMEORSere

stored in association, that are associated

the virtual three-dimensional space is observed along a predetermined sight line direction

from a predetermined viewpoint,

[0015] 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, a magneto optical disk, a digital video disk, a magnetic tape, a semiconductor
25 memory, etc.

The above-described program can be distributed and soid via a computer

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

e mAgHBEE tapaba seieSidue{sI eE M ErREi{ ng taedita can be
qopeedeseribed RRAAM AR iripyied nd sold via a computer
communication network, in épendently from a computer on which the
program is 7 executed. Furtlpes; dher akove=gesgribed information
recording medium can be distributed and sold independently from the
(66 puter A=ffedinf theh ¢nvertiom[eog i Acsardingltadipeoprésaentmage
invention, it is possible to provide an image 5 processor and an image
ISRSEESETHY' AEtRBE RHIEH SR8 Sitasle i eratmivig i 66 j%‘@t“’ﬁ*l%&é&gﬁ‘a
Mituglres-dimensianal space ad.made. R of BENGORS.OY edeing fhe
number of poflygons to be proces?sed, a prograrﬁ or realizing these on a

SOMPUEHoAN S LUPPHIEteadahiainfornation recardingmeditiier, and a
storing the program. Brief Description of Drawings 10 [0022] [FIG. 1] It is
ameXigtarsatohjedidgrantishowing meschdmatiostrattaregfantypical game
device on which an image processor according to one embodiment of the
present invention is realiZeteTPRECMtPT A RPERERESIary diagram showing

e(r%%lzrlrr]na iﬁg[éot; It %eraegsf eetxr%??ﬁ{\z%aﬁ Ieéifzj%;?g%% %Qv?'r?gg 82‘?:!{1&15%9 Nfucture 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;

[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
performed by the image processor according to the present embodiment.

Explanation of Reference Numerals

[0023] 100 game device
i01 CPU
102 ROM
103 RAM

104 interface

105 controller



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 20gerformed 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 DUD-BERAMEEHY NIC 5 110 audio processing unit 201

image progessar 202 storage ynit 203 determination unit 204 generation
unit 10 301 object%(}jz virtu%gp&yhedron 401 polygon
108 DVD-ROM drive
109 NIC
5 110 audio processing unit
201 1mage processor
202 storage unit
203 determination unit
204 pgeneration unit
10 301 object
302 wvirtual 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 information
processing apparatuses such as computers of various types, PDAs (Personal Data

Assistants), portable telephones, etc. That is, the embodiments to be explained below
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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 Carr}éing 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
HeloWisRG a0 faBlrtsions MfdépstiidingiHowevenfindpremssant invention.

invention can likewise be applied.to infonnation processin aratuses
S R S e e P i S B e RS ehadyents n
partablectelenhenes: sicminatisdhe.emeodiments 8 he.pxplained helow vix
9 are intended for explanation, not to limit the scope of the present
muentions AAdoardingly cthbwtiindheseihalodpeoidinatyiskilihin dheauranel ishesent
employ embodiments in which each element or all the elements of the
BrédEatembodiments are replaced with equivalents of those, such
embodimefpt \év'll also, be included in the scope of the present 5 invention.
Embodimen Sti ﬁd%’ﬁ ﬁ}FIG. 1 is an explanatory diagram showing a

grhematicisirugture,pLa, lypical 9@@?@1@%&)@1&“&%@%%'%&% of a typical

processor according to the present invention will be realized. The

fottewing @xptandiion avilinyegivenasdth reterdingetto thig iagramvehfon will be
[0026] A game device 100 comprises a CPU (Central Processing Unit)

rfeli? RORf following explanation will be given with reference to this diagram.

[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 107, 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
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
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, ete., bit operations such
as bit addition, bit multiplication, bit inversion, bit shift, bit rotation, etc. upon a storage
area, or a register (unillustrated), which can be accessed at a high speed. Further, the
CPU 101 itself may be designed to be able to rapidly perform saturate operations such as

addition, subtraction, multiplication, division, ete. for dealing with multimedia processes,

vector operations such as trigonometric function, efc. or may realize these with a
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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
BBt exchange control signals and data. Further, by using an 20

(Db (ATNAEIRLIAIGHTL MOBRSTACH NP bl MABPPIOM. exccuted

etic operations such as addition, subtraction, multiplication, division,

Bigcdogical.apetiopssuchrasd egical-agaition Jagical mutiplieatiofam stored
logical negation, etc., bit operations such as bit addition, bit multiplication,
it thvBISIHI.(bY shift, tsitd otiatibn Retd Upoénal storaged byahs 6P rdgistdiurther,
unillustrated), which can be accessed at a high speed. Further, the 25

PR 1 EeTiwiay HEoaBEt B 881 LTI AR PSS R pagessary for
aheraiians suoh.as, AOFifien AN myliplication, division, etc. for

dealing ultimedia processes, vector operations such as

toigmnometrig frAgonsele far g raalizadhasaivithm 1o 6aprOGaaSQlains the
[0028] The ROM 102 stores an IPL (Initial Program Loader) to be
preavutedndniidiedictélydfieetthhp dWEP B Qivhedhdrotiestedutioreofsealicfor game
triggers the program stored on the DVD-ROM to be read into the RAM

S EARRRLEEA S THREBT TG . EUthar, Bthd RAM Rositdyogesses such

& %Q{M?Q%}{ﬁg&g%@t%f&%%{'}ﬁﬂef@ﬁ'qg %?I{e[ﬂen %%?ggi‘%jigﬁ}éo& Al‘ﬁ value

controlling the operation of the entire game device 1
kO dsdansemparrily jigning hatarRRe ProgiaisraRdHetane thePIRgamAM

and data read out from the DVD-ROM, and other data necessary for game
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
input given by the user when playing a game such as a racing game, ete.

The external memory 106 detachably connected through the interface 104

rewritably stores data indicating the play status (past achievements, etc.) of a racing game,
ete., data indicating the progress status of the game, data of chat communication logs
(récords), ete. The user can store these data on the external memory 106 where needed,
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
temporarily stored on the RAM 103, ete.

[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)



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
mawﬁgfy oy RS aBIg e Sl %r%@g% tHE et fatter e g elafataply frame
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game,” etc., data indicating the progress s a of chat

capMMiRicationipgs (rRCords), elembhe userrAbRlPrethese dala Quihe « 4
external memory 106 where needed, 20 by inputting instructions through

thedeontroldrsy 081031 THenby REROMPtS be doadeithoutibuRMBRdR @Mnccted
drive 108 stores a program for realizing a game and image data and

> HLdS dRFadiSpERYinG ihe/gamé RESRier tRESEOMERIFGT the GPRIS GYpes are
the: XD-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 temporarlyisioredontheoRMVLAA3r ele. [O03R] Jheimags Brecassithtions
unit 107 processes the data read out from the DVD-ROM by means of the

SR 40 bvandyaeinmaide: catcul atiendprg ceS sorofdnitiustoate dnkbepravitiedturate
in the. image processing unit 107, and thereafter stores the data in a frame
H?Sﬁ%‘?’?fg(&‘rﬁﬁﬂgﬂ%’t&fﬁsprovided in the image processing unit 107. The

[ inf [ in the f emory is converted intq.a vid
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signal at a predetermined synchronization timing and outp a
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image displays of various types are available.

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 conmecting the game device 100 to a computer
communication network (unillustrated) such as the Internet, etc., and comprises a
10BASE-T/100BASE-T product used for building a LAN (Local Area Network), an

25 analog modem, an ISDN (Integrated Services Digital Network) modem, or an ADSL

(Asymunetric 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
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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, polyggn 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
BiSngy &"pritfefithindf divscdor Breighcider Toerprtidinppeticeplyseond the
@pg lilbef‘image calculation processor working in cooperation, a character
string as a two-dimensional image can be depicted on the frame memory,

Eodepictetien hasufase sheashpelygennaseording tafentinformation, the
defining the shape of the characters. [0034] Further, it is general that the
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image (texture image) of a triangle or a quadrangle b
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BlCeaAR06OMAPSETA IRRASEATLL0RBASE deRraductkygrd fordyilding a
LAN (Local Area Network), an 25 analog modem, an ISDN (Integrated

Services DigitedsNetvoekhmadem]or anokBSon(AsyiiieRiEMDighdlDI data. the
Subscriber Line) modem for connecting to the Internet by using a
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ble television 12, line, orthe like, and an interface (unillustrated) for .
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an analog audio signal, and outputs the signal from a speaker

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.
[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, ete.

[0038] FIG. 2 is an exemplary diagram showing a schematic structure of an image
pfocessor 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
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.



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 MIDJ 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
com ressed audio data of ADPCM. format, Ogg Vorbis format, etc., the

HIY procBksing amitcrbymakorn 8 Fend athoaReE corRRtEsitih i apeswe objects

ta. By D/A (Di I/An .cor verting the PCM data. at a t|m|n
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[0037] Aside from the above, the game device 100 may be configured to
pedorms.thén SawelfuneticndasdheRONt1O2hjikes RANM OB ctheyextel fiaks and
memory 106, the DVD-ROM to be loaded on the DVD-ROM drive 108,
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to this diagram. The image processor 201 according to the present

embodimeht comprisessa stophgealunits202, buddterminatiorpisaity 20 3rcandgular
a generation unit 204. [0039] Here, the storage unit 202 stores each of a

Bﬁﬁaﬁlspafeﬁo%%ﬂ%smmeﬁle@%b iiehene %Eﬁ%@@%ﬂ@h@mm plabeghape

V|r al t enS|on in assogiation Wlth
10 g B P S L S A S e o e

H@@'@ %L@%aﬁﬁg[%‘l@]eﬂﬁﬁcﬁ e %i‘@lﬁé%@éﬁrm}ﬁg&‘m&sshﬁmﬂg&rete surfaces,
examples of shapes of objects placed in the virtual three-dimensional
spateyard axanpies Ofdpimgximate pobiheaetimensional 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 obiect 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, ete. 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.



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 builﬁijrng 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,
th%g%h may sometimes take a shape like a polygonal column. The shape

(961 the dbjeetBedlpPEEEe detteRAMes gdirraitpurrsctmdgtarbiect 301
parallelepiped. The polygons making up the object 301 are pasted wit N
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%ﬁtv%lrt@ﬁ@a%@?&s(}%@m%& &QQ&@LH@&C%I%QQ%Q;H@%& have a surface
parallelepiped (quadrangular prism), which has the major cons¥ructlonal
tatemeats{walls and geiling) taé thie huilting ehjectiand, asits \suHdacesudd or a
is adopted as the virtual polyhedron 302. [0043] FIG. 3 (b) shows the

5 pelansripobhdaricd towsranietrshigsiaret/h thehivirbegause the number of

three-dimensional space and its virtyal polyhedron 302. In many cases,

PRLE <HADER BY AR ERL ety By I S RANERSH A P ROl GORGRE o e
28 #nd aplvgonalfusium Lheemaingdstal & Ralyaonalcane fioMing off

which 20 its top portion is cut off), and the shape of the object 301 of the

wigsentrexampletis generdhea quadrangulinpaytamich T0e polgons described
making up the object 301 are pasted with a mesh-like texture
lipresenting reinforcing bars, and further with textures of concrete

10 ldaf ces, \Q[;rgdso(\)/]\‘/(s,pe&c.tl? Witse thg 0 e-described opject 301, 0 . .

e B G i e Al &paes! T oesh hareginion
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(walls) of the tower object 301 as its surfvaces and has the top of the object
Wil itseversixinad adopted agthe virtual polyhadien 88Zalkd 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



[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 cp%u_mn 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

é?ﬁbﬂ?m‘ﬁ%@mét&%éenﬁﬂwmmme@ﬁr solygdnsprscakdesnsyitiva vector r 411,
r{_aces of the \ irtual polyhedron 302, as will be described later. 10

%16‘4@] %R%nsbtélr%d’e unit 202 stores each of the polygons of the object in

association gy}tnﬂp%ggghe surfaces of such a virtual polyhedron. How to

define such association will be explained below. FIG. 4 is an explanatory
diagramishoising a positional relationship among a viewpoint, a sight line
direction, one surface of a polyhedron, and one polygon. The following
explanation Wit &g with reference to this diagram. 15 [0047] In
three:dimensional graphics, a state of a pplygon 401 placed in a virtyal
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the polygon 401, whose origin is at the viewpoint 402, a direction vector s
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normal vector n 413 of the polygon 401 will be 20 considered. [0048] The

Hedtimatidls pbiitsd to ¢y thselyesniviivBetor r 411 of the polygon 401 is

f the representative. points inside the polygon 401, typically any.of .
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should be 25 drawn or not is determined based on the range of the angle
fermed fetweepdiyeqpoBition vector r 411 and the outward normal vector

n 413. However, in the case of an object
[0051] According to the present embodiment, the determination is done with the use

Lh

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).

[06052] 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

-1 Y (e )s0

or
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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)/(Irlinl)sO or approximately 5 -1<_(sn)/(slInj)<0 is established (when
the angle formed between both the vegtors 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
determinatibis1.¢/(0050FAccordingly, it is essentially necessary to do the
@{gjﬂiatio of the in ! tgroduct.de c%%egeabove gthe alculation fo

tal

ing the arigle formed BRIween the. vectors)¥or each BaIvEBR Agpolyeon

H05LhAcceeding tadhe BraseRbarReiment, hendelgrmunalon s 40nen, it is
with the use of a surface 404 of the virtual polyhedron 302, that is
aspocihted Withtigl polygdrbd@tenlbcfopturatityofpolygansd0B atethe polygon
associated with the surface 404, and by determining whether or not the
P HapckbiaoAubxr hasEsh ViR dbté M dhe suiRetHER be neeve plieakaghof the
u%ggng,fas op)igt%%w';% ;Qi%esurface 404 can be seen is done collectively
approyxm%(fé/l‘?). 2]l s shown in the present diagram, a position vector
r 421 of the.surfaes404, 20 whose origin is at the viewpoint 402, and an
outward normal vector n' 423 of the surface 404 will be considered. The
destinddion peintiohtthioyptiegposifibnbetoh i dstad repieseintativieyhedron
goint inside the surface 404, typically the median point or any vertex of the

PrraedisbhpobaprikBlviseiRtresesde brityyeh uoriieisipossitievich this

9&5%%'{%1% M‘geetsqe({h%rcioser 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
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,

[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
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



10

15

20

25

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")/(Inlin' D is calculated regarding that polygon
401 and each surface 404 of the virtual polyhedron 302, so that the

Potykish wbarsihs HeksKopiedds wiRistisn A s tirries F0mAHHHICH $pighan 90

0 value is the largest (the closerto 1 this valpe is, the smaller the angle
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Note that in the case of a construction such as a building, a tower, etc., it$
k5lbattont dusfacebihesstuface atwhichd e capstfuatiot santaatshthevo vectors
ground) can never be seen. Hence, according to the present

EnBotfinert ettt Hadesicrthegroui Wwinrdldebitop it deprees.

surface of the virtual polyhedron 302..Ea ol 401isto b
SRR I SRR S el e g, e
SuHacesRh the RRIkFacsiak the virtual polyhedron 302. 20 [0057]
Further, though determining whether or not the polygon 401 can be seen
according toywhetiigr jor iratolide surface 404 of the virtual polyhedron 302
can be seen is an approximate method, this can often obtain a sufficient
visual effett, depending on the field to which the present embodiment is

applied_. Thlo%ggs@g&g?g%gethls it_is also_ possible to m_ake this
approximation as accurate as possible, within the range in which the
[0059] The determination may be done according to

nzarccos((r’-n” )|’ in’)zn/2-6

or

rzarccos((s-n")/(Js|n’{)zn/2-0
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,

Inj=n’[={s|=1

In this case, it is possible to simplify each of the above-indicated
determination criteria as follows.

-15(r )i [<cost;

-1=(s'n")<cos0;

nzarccos((r’-n’" Y’ Nzn/2-0;

nzarccos(sn’y2n/2-0

As obvious from the glance at these, it can be considered that the calculation
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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 ang; 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 %g been st%ankin z:]écase where the angle formed between

T EWEVRTSHS 1S LI 5 SiEldrgRt THSRUSH Hetesd b BHURoBIn the use

Snaller.than 180 degrges. Specifically, when this angle of margin is
referred to as 0 (050<_90, i.e., 0_<0<_7t/2), the determination can be

[dosg accRiciing, teirkn i@ B M(IF(HO) DSEqseh Phdhh, while 0 is set to 90°(=n/2),
-1<_(sn)/(jsjjn'D)<_cos0. [0059] The determination may be done

thecordivrg to pRarelcos((rady/ (k! IR yemi2-8Or dedarotss((ssndifishdnten.
D))?n/2-0 15 if expressed in terms of the angle formed between the

Aeaiaclyidhpodkiniaid btk LEibePG AEAGREnRivis{i’dgh pwlication
aqlggﬁpgzi 0.0 (yy%t ng'g‘ &Ln%ggyl\@gg_or basic library is provided in the

computer. [0060] Note that it is general to determine the length of a
[oosmal veetor or & sightine:disestionsvestonas be thatis, 20 {Mimndzisitdcess

In this case, it is possible to simplify each of the above-indicated
whetemsihdvotberitexiacagfoews. The following explanation will be given with
reference to this diagram.

[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
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 §503). At this
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
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
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-1 <_(r' mY)/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 g=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
e Bimiboter ¥sources. [0062] FIG. 5 is a flowchart showing the flow of

[}?ﬁ%\x" of g1 'Hé%%ePB%ﬁ]SS% performec by (e image erc‘?ﬁﬁ%ss%fal?gm cannot

ing explanation will be given with reference to this diagram.

H00&3] (ids assunmed thatthe starage Rl 28@1already stores each of the
polygons 401 of an object 301 in association. with any of the surfaces

[4047%f a virtuahpelyHedroth80doas described ahovethf0064]dHencessfirsE01 is
the determination unit 203 performs processes repeatedly for each of the

Sabrded Ao ssrhdiltad Polfhédrar SoD messtrtbetetrmianionamit 203 in
203 15 determin r he surfaces 404 have been processe —
e A R R e BB s
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or not the outer surface of that surface 404 can be seen in a case where
theswface 484usdbderVed @dong the directiomodthaighs lineyvectoifdled by
412 from the viewpoint 402 set in the virtual three-dimensional space _
Rt SBeg s Rethis b A adediea sV, HE dbtward iy operation
i\rlgt%% : 5‘1'1 q4%%?: .assigned to the surface 404,
[0068] Then, when processes of all the surfaces 404 have been completed (step
S501; Yes), the generation unit 204 sorts the polygons 401 registered in the 7 buffer in
the order of those farther from the viewpoint (step S505).  Then, the generation unit 204
repeats the following processes for the farthest polygon 401 to the closest polygon 401,
[0069] That is, the generation unit 204 determines whether all the polygons 401
registered in the sorted Z buffer have been processed (step $S506), acquires the polygon
401 farthest from the viewpoint 401 among unprocessed polygons 401 (step S507) if
there is any unprocessed polygon 401 (step S3506; No), applies a predetermined
perspective transformation based on the position information and posture information of
that polygon 401 in the virtual three-dimensional space, the position of the viewpoint, and
the sight line direction (step S508), secures a region on which the polygen 401 is to be
projected in a screen buffer (step S509), pastes the texture assigned to the polygon 401 in
that region (step S510), and returns to step S506.

In this manner, the CPU 101 functions as the generation unit 204 in
cooperation with the RAM 103 and the image processing processor of the image

processing unit 107.

[0070] Through the repetitive process of step S501 to step S504, only such polygons
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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)qand 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

HH-thbsthisr HEntrTAcs CadaSTnite g GindF stiate stahtssdrrade 4gmiter.

cannot. be seen(s1p.5303:N0), (15 SO (RN 10,5180, 5901, 10957} Ao
known from the above, in a casd where the Image processor% 5

tealizedion the oame devioe 0B the tRd1 104 fungtiQRs @B buffer.  Further,
determination unit 203 in cooperation with the RAM 103. Other than this,

ih & cagerwh elfeintbitimediatingtrudtiohsonsector bpetdtionlinstiuctionse of the
parallel arithmetic instructions, etc, of the image processing processor
SRR BB et ChE MG T e SRR HRAE I OTERRES 078 i B B eI I g inary
rallel processing of the above-described repetition or with the use of
D R e A U b cds ot

{bersyrfaces,Addmayeybeescamplstad fatep 1 SRBkn Y eshdNQIENRT Hi0ten is
unit 204 sorts the polygons 401 registered in the Z buffer in the order of
thosefaltinethfrdndterviehwpdint (Siept 5505). aTHemdthel glenieratidr pniygon 401
204 repeats the following processes for the farthest polygon 401 to the

BBEASEPBIN GERAT eI T0GE 61 TRAL feT R Y efeha iSRRI O Hetdiohiges 40!
nvhether all th I 401 registered. i ted ¢ buffer, have been
Yf/mtecxxesrta%n a%lg%g gg)srjlaon gﬁ) {Etgllvf}eevg%ilrll? 11'6‘5 %1%%819 oc,sl.J elrhelta?:fegrf,,el?gan be

processed (step acquires the polygon 401 farthest from
vigwpaiat 401 amangisnacessadPAYVIRS A (ePRORAEIBEIR I8 racing

any unprocessed polygon 401 (step 5506; No), applies a predetermined
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
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 8511), and the present process is
terminated.
[0073] As described above, according to the present embodiment, it is possible to
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
{00751 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



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 gssigned 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.

o870 ThodgH T hie B deesLBreBREYL Y Sepasod sl dach
nol ] 401w t re surface (is determined as) can he seen,
SRS NSRS s R SR A D e
Bcshpallerarnay atehcalell alirnsrdhanteauredif A asewbe peoalsthe are
polygons 401 are registered in the Z buffer. Further, it is apparent that the
ramoyAt ofdcaleutations! tafeHeaduced. Withptheldise of tthé Segiprexineéterious
method of the present embodiment, compared with performing preliminary
BP6tesses 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
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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] Th&2present 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 ﬁs@ﬂ% 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

(1] realZMa%h B BHY - ¢SMBLtEPEand a computer-readable information
recording medium storing the. pragram d tpo apply these to realizing a. .
oG EE b A Bl A b R P SRR e o
rocesses are required and.to virtual reality technigues, etc.for providing.

o Bt L R MR RS [ s

o B e e Vi

threg:dimensional sPaceHnASSesiAton Wit any Alsurfacas Qfidles of the

approximate polyhedron which approximates a shape of the object; a

sto@ﬁi%ﬁﬁ%ﬁ%%%ﬂ?&%&%@@%@ﬁ, whethes anpert @ach:afthe surfaces

of stored approximate polyhedron can be seen, in a case where the
throdi8knsional space is observed along a predetermined sight line direction from a

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.

[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.

[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
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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 MCSLLP
direction from the predetermined viewpoint, of polygons, among the
plurality of polygons stored in assogiation, 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

pol dedordigeteactairian, o rereli e e Aesr tRe PId Aty B8 GBRS s SbAsaraes:
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

[4] orThe iihaseipr SeraaRtsAMMREJA TAITH ihes that a surface of the
approximate, polyhedron can.be seen, in a case where an.angle formed
b é‘fb\f‘é@ﬁ a% gﬁ%gﬁ%ﬁ}@é@hﬂﬂﬁ %ﬁ%l C f%r C surtace (():XL g}]eggaPrOM mate

g}ilg%f' line direction an war
ormal vector of that surface.of the approximate.,MC dron
P R Bl (o0 e L i [ YR
eqgrees. The image processo rdj Ims. : 2065 of a
S R G AT R

rep RS Hr0 owﬁ%ﬁl%@gmfzﬁ@mﬁevggmsama{@a&m@eawﬁegﬁaogmmm

approximate polyhedron can be seen, in a case where an angle formed

norRGMWESD, 3, PASIION MRCIOF Ak 3pIeRLERaRIBHY PN & thaksuraseoldhe w

approximate polyhedron, and an outward normal vector of that surface of

90 %@&@&%&&h@%@@?h&hﬁg{mﬁ greataeibanoreaalie: 80 depreas@ndther

ess than or equal to 180 degrees, said representative point being either a
vertex or a median point of that surface of the approximate polyhedron.

[5] The image processor according to either one of claims 1 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
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.

(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
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10 vertex or a median point of that sufface of the approximate polyhedron.
[5] The image processor according to either one of claims | 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 MCSLLP
three-dimensional 15 space; the pluzdlity 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

botswe sydaesepndhe surface contacting the ground. 20 [6] The image
processor according to either one of claims 1 to 4, wherein: the
approLitiare pBIPHEERS HS Bty BN E o Whih WFEGRTSERDS Sffa- except
object, and its bottom. surface contacts a ground in the virtual

the fifdRTbRvéHS onal 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 %{ﬁn image (_processin method

7] peMOIRHEES By SP TR BP0 dESEy B h B iSiG B oS g Ko Prsme 2

; de'germinat'otn uni, {;md a _ezrg][(led'aatioer;xll urgj['gbrs}aigi?torage unit storing each of

S Orﬁgpﬁﬁlﬁiht?/ of {ﬁrcwa%ﬁ%nn% ing up Shitaces of an object placed in a virtual

thre: -gégssgesh%qﬁét%%;n%&; ki g’@@&%ﬁ%‘g&i&ﬁéﬂ%ﬁ%ﬁ?&?ﬁlﬁfm@ﬁces of an

approximate polyhedr proxi ape o bject, 10

objSAMENA MPHHAC: B HRIRKUA ORISR AL U SR PRI WPAlRILes of
an approximate polyhedron which approximates a shape of the object,

said method comprising:

a determining step at which said determination unit determines whether or not
cach 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

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, ameng 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.

8] A program for controiling 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;



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 gight line direction from the
predetermined viewpoint, of polygons, among the plurality of polygons
stored in association, that are associated with surfaces of the
appdenimatet ol yhedrdncthde araideserinitisd ot saidabtefrilinmiacsp aghe
can be seen. 20 [8] A program for controlling a computer to function as: a
stostbragewmitiwhioly btskies eacheofcapliraligserpsigdssifiring up
surfaces of an object placed in a virtual three-dimensional space, in
thregsdivesationmal tbran JSoThsarraeadont aRapp st s Has Frs s from 2
approximates a shape of the object; MCSLLP 25 a determination unit
pregaer BeteY Y WhatAer or not each of the surfaces of the stored
approximate polyhedron can be seen, in a case where the virtual
threeAdiRsBRSBARI SpaesBs e Si oG prétisterfiinQBFSigH? idkome  the

direction from a 6Fredgtt‘ermine‘ viewpoint, %nd 5 a% neratio(gln%nit }_Nhi{;:lh ons
pregeiRBrated AtEfthall, 45 SHOENERAIONy the PrEdEtsmied SiGht find ' &
direction from the.predetermined viewpoint,.of polygons, among the
i PPN GO BREQ i b Bbiation. That a8 aksodted h T

of giu ;?ﬁﬁax%gg]ee & fﬂ%é;f@r? IE%EROE! eh%%trg*?n}rqgé %rye sda?cﬁe(ﬁ%][EQ%qngﬁc%@gnlt as can

g ation'unitas can been seen.

heen seen.

MCSLLP



