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DESCRIPTION 

METHOD AND APPARATUS FOR RENDERING IMAGE 

'l'echni.ca1 Field 

PCT/JP00/03916 

The present invention re1ates to a method·of and an ap­

paratus for render:l.ng an image of a number of objects of the 

same shape, e.g •• a grassy p1ain waving in a breeze or sun-

10 f1owers in crowds, a recording medium ~hi.ch stores a program 

for rendering such an image'· and a program for rendering 

suCh an image. 

15 

BacJtground Art 

Recent1y. various computer graph±cs (CG) processing 

techniques :lnc1ud:l.ng hidden 1:1.ne process:Lng, hidden surface 

removal, smooth shading. texture mapp.ing, etc. have been :l.n 

rapid progress in combi.nation with guickl.Y growing hardware 

techno1ogies. 

20 According to a genera1 CG process1ng scheme. a p1ural-

ity of three-dimensional shapes (objects) are generated by 

tbree-dimens:l.onal mode11ng of CAD. and a render:l.ng process 

. is performed.by generat:l.ng app1ying co1ors and shades to the 

objects, adding optica1 propert:l.es i.nc1uding nrl.rror ref1ec-

25 ti.on, diffuse ref1ecti.on, .refraction, transparency. etc. to 

the objects. adding surface patterns to the objects, and 

p1ott1ng images depending on surroun~gs such as window and 

.... 
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scenery reflections and ambient light. 

PCf/JP00/03916 

When a nmnber of objects of the same shape such as a 

grassy plain waving in a breeze or sunflowers in crowds are 

plotted, the above rendering process is performed on the 

5 generated objects. 

Specifically, for processing an ordi.nary polygon,, the 

perspective transformation is effected on the vertexes of 

the polygon by a geometry processor, and the obtained poly­

gon is rendered in a rendering memory for display by a ren-

10 dering processor. 

For example, if n objects such as fishes are to be dis­

played,, then n rendering processes (ordinary polygon proc­

esses) need to be carried out. Therefore, it is necessary 

to carry out (n x the number of polygon vertexes) perspeo-

15 tive transfo:cmations and (n x the number polygons) rendering 

processes. 

Therefore. if n objects such as fishes are to be dis­

played, for example, the calculations and the rendering 

processes are time-consuming, and the rate at which these· 

20 objects are di.splayed· on a display monitor is relatively 

low. 

Disclosure of Invention 

It is therefore an object of the present invention to 

25 provide a method of and an apparatus for rendering an image,, 

a recording medium which stores a program for rendering such 

an image, and a program for rendering such an image, by per-



WOGOn9486 PCl'/JP00/03916 
- 3 -

forming a norma1 rendering process a single object, for ex­

ample, and app1ying a texture to other opjects, so that the 

period of time required to make ca1cu1at1ons and plot the 

objects can greatly be reduced, and the objects can be p1ot-

5 ted of high qua1ity. 

A method of rendering an image according the present 

invention comprises the steps of performing a normal render­

ing process on at least one object to render an image, and 

mapping the rendered image as a texture onto a provisiona1 

10 object composed of a sma11 number of polygons and rendering 

the object in an area to be d1sp1.ayed. 

With above method. the norma1 rendering process is per­

formed on at least one object, and the produced image is 

rendered in a display area or a non-disp1ay area of an image 

15 memory. 

Then, the rendered image .ts mapped as a texture onto a 

provisiona1 object composed of a smal1 number of polygon8 

and the object is rendered in an area to.be displayed. 

According to the above method, since the normal render-

20 .ing process is performed on at least one of many objects and 

the rendered image is applied as a texture to the remaJ.ning 

objects, the per1.od of ti.me requ:Lred to make calculations 

and plot many objects can greatly be reduced, and the objec­

ts can be plotted of high quality. 

25 In· the above method, the step of performi.ng the normal 

rendering process may comprise the step of rendering the im­

age 1n the disp1.ay area of the image memory. For example, 
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when n objects are to be rendered in the disp1ay area of the 

image memory, the norma1 rendering process may be performed 

on at 1east one of the objects to render an image in the 

display area, and the image rendered in the display area may 

s be mapped as a texture onto the provisional object for the 

remaining (n - 1) objects and the object may be rendered in 

the d:Lsplay area. 

A1ternative1y, the step of performing the no:rma1 ren­

dering process may comprise the step of rendering the· image 
' 

10 in the non-displ.ay area of the i.m8.ge memory. For exampl.e, 

when n objects are to be rendered in the display area of the 

image memory, the normal. rendering process may be performed 

on at I.east one of the· objects to render an image in the·· ·· 

non-display area, and the 1.mage rendered in the non-di.spJ.ay 

15 area may be mapped as a texture onto the provisional. object 

·for then objects and the object may be rendered :Ln the dis-

play area. 

An apparatus for render:i.ng an 1inage according to the· 

present :l.nvent:ion comprises detai.ied rendering' nieiuis'for 

20 perf o:cming a norma1 rendering process on at J.east one object 

to render an· image, ·and simple rendering means for mapping 

the rendered image as a texture onto a provisional object' 

composed of a small. number of polygons and rendering the ob-

25 

ject in an area to be di.splayed.· 

With the above apparatus, the detailed rendering means 

performs the normal rencler:liig process on at least one ob­

ject, and renders the produced image in a d:i.spJ.ay area or a 
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non-display area of an i.IJlage memory. 

PCT/JP00/83916 

'i'hen. the simple render:Lng means maps the rendered im­

age as a texture onto a provi~ioµal object composed of a 

small. nwnber of polygons and ren~ers the object 1.n an area 

5 to be displ.ayed. · 

According to the above apparatus, since the normal ren­

dering process is perf o.:r::med on at least one of many objects 

and the rendered image is appl.ie~ as a texture to the re­

maining objects, the period of t:l.Jne required to make cal.cu-

10 lations and plot many objects can greatly be reduced, and 

the objects can be pl.otted of hi,gh qual.it~~ 

'l'be detai1ed render:Lng means may comprise means for 

·rendering the image in the display area of the image.memory. 

For exampl.e, when n object;s are to be rendered in the. 

15 display area of the image memory, the detail.ed rendering 

means may co1J1prj.se means for performing the n.ormal. rendering 

process on at l.east one of the objects to render an 1mage :i.n 

the display area, and the simple rendering means may com­

prise means for mapping the :I.mag~ rendered in the displ.ay 

20 area as a texture onto the provisional object for the re­

maining (n - 1) objects and rendering the object 1.n the dis­

play area. 

Alternatively, the detailed rendering means may com­

prise means for rendering the image in the non-display area 

25 of the image memory. 

ForexampJ.e. when n objects are to be rendered in the 

displ.ay area of the :Image m•ory, the detailed rendering 
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· means may oompri,,~~means for performi.ng t~e normal renderi.ng 
.. . 

process on at least one of the objects to render an image in 

the non-display area, and the simp1e rendering means com-

prises means for mapping the image rendered in the non-

5 disp1ay area as a texture onto the provisional object for· 

the n objects and rendering the object in the display area. 

A recording medium according to the present.invention 

stores a program wbi.cb comprises the steps of a detailed· 

rendering process for perf ormi.ng a no:cmal rendering process 

10 on at least one object to render an image, and a s1.mp1e ren-

15 

daring process for mapp:Lng the rendered image as a texture 

onto a provisional. object composed of a sma11 number of 

polygons and rendering the object.in an.area to be·dis~ 

played. 

Aprogram.according.to·the· present ·invention comprises 

the steps of the detailed rendering process :for performing a 

normal. rendering process on at least one object to render·an 

image, and the simple render:ing process for mapping the ren-

dered image as a texture onto a provisiona1· object: composed 

20 of a smal.l number of polygons and rendering the object in an 

area to be displayed. 

With·the above recording med:lum and program, the noJ:mal. 

rendering process is performed by the step of the detail.ad 

rendering process on at least one object, and the produced 

25 J.mage is rendered ~n a disp1ay area or a.non-dJ.splay area of 

an image memory. 

Then. the rendered image ~s mapped by .the step of the 
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simple rendering process as a texture onto a provisional ob­

ject composed of a small number of polygons and the object 

is rendered in an area to be displayed. 

Accordi.ng to the above recording.medi.um and program. 

5 s~ce the normal rendering process is performed on at least 

one of many objects and tbe re~dered image is applied as a 

texture to the remaining objects. the period of time re­

quired to make calculations and plot many objects can 

greatly be reduced, and the objects can be plotted of high 

10 quality. 

In the recording medi.um and program, the step of the 

detailed render.ing process for perform:l.ng the normal render­

ing process may comprise the step of rendering the i.mage in 

the·di.sp.lay area of the image memory. 

15 ::For example, when n objects are to be rendered in the 

clisplay area of the image memory, the detailed rendering 

process performs the normal rendering proce~s on at least 

one of the objects to render an image i.n the di.splay area. 

and the simple rendering process maps the·image rendered in 

20 tbe display area as a texture onto the provisional object 

for the remaining (n - 1) objects and rendering the object 

in the .Usplay area. 

· llternatively, the step of the detailed rendering proc­

ess for performing the nozmal. rendering process may comprise 

25 the step of rendering the image in the non-display area of 

the image memory. 

Ji'or example, when n·objects are to be rendered m the 



W000!79486 PCT/JP00/03916 

- 8 -

display area of the image memory,· the detai1ed rendering 

process performs the norma1 rendering process on at 1east 

one of the objects to render an image in the non-display 

area, and the simp1e rendering process maps the image ren-

5 dered in the non-di.sp1ay area as a texture onto the provi.­

sional object for the n objects and rendering the object in 

the dJ.spl.ay area. 

The above and other objects, features, and advantages 

of the present invention wil.1 become more apparent from the 

10 following description when taken in conjunction with the ac-

companying drawings in which pref erred embodiments 0£ the 

·present invention are shown by way of ill.ustrative exampl.e. 

Brief Description 0£ Drawings 

FIG. 1 is a bl.ock di.agram of a general. ~angement of 

·an entertainment apparatus according to the present inven­

tion; 

FIG. 2 is a view showing grass leaves as an object; 

FIG. 3 is a view showing sunflowers as an object; 

20 . FIG. 4 is a diagram showing an example of a singl.e de-

taile~ rendering cyc1e and (n - 1) simple rendering cyc1es 

for a disp1ay area of an image memory; 

FIG. 5 is a diagram showing a provisiona1 object by way 

of examp1e: 

25 FIG. 6 is a functiona1 b1ock diagram of an object group 

plotting means according to first and second embocli.ments of 

the present invention; 
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PIG. 7 is a functional. block diagram of a detaj.led ren­

dering means in the object group plotting means according to 

the first embodiment: 

PIG. 8 is a functional block diagram of a simple ren-

5 daring means in the object group plotting means according to 

the first embodiment; 

PIG. 9 is a diagram showing details of a detailed ob­

ject information table and a simple object information ta­

ble: 

10 FIG. 10 is a diagram showing.detai.l.s of a detailed ob-

ject file; 

FIG. 11 is a diagram showing details of a simple object 

fi].e; 

FIG. 12 is a diagram showing detaJ.ls of a.motion infor-

15 mation table; 

FIG. 13 is a flowchart of a processing sequence of the 

object group plotting means according to the first embodi-

ment; 

FIG. 14 .is a flowchart of a process.ing sequence of the 

20 detailed rendering means in the object group plotting means 

according to the first embodiment; 

25 

FIG. 15 is a flowchart of a processing sequence of the 

simple rendering means in the object group plotting means 

according to the first embodiment; 

FIG. 16 is a view showing an example of an object in 

the form of a dancing human being; 

FIG. 17 is a di.agram showing an example of a single de-
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tai.led render.irig cyc1e for a non-di.sp1ay area of an :Lmage 

memory and n simp1e rendering cyc1es for a disp1ay area of 

the image memory: 

FIG. 18 is a functional b1ock diagram of a detai1ed 

5 rendering means in an object group plotting means according 

to a second embodiment of the present invention; 

FIG. 19 is a functional block ~agram of a si:nip1e ren­

dering means in the object group plotting means according· to 

the second embod1ment of the present invention; 

10 FIG. 20 is a f1owchart of a processing sequence of the 

object group plotting me~ns according to tbe second embodi­

ment; 

FIG. 21 is a f1owchart of a processing sequence of.the 

detailed rendering means in the object group plotting means 

15 according to the second embodiment; 

FIG. 22 is a flowchart of a processing sequence of the 

simple ·rendering means in the object group p1otting means 

according to the second embodiment; 

FIG. 23 is a diagram showiDg an exami;lle of_an.iinage 

20 which represents two objects close to each other; and 

FIG. 24 is a diagram showing an examp1e of an image 

which represents two objects biting into each other, with 

polygon boundaries be.ing seen. 

25 Best Mode for Carrying OUt the Invention 

Embodiments in which a method of and an apparatus for 

rendering an i.mage, as applied to an entertainment apparatus 
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(hereinafter. r~ferred as an entertainment app~atus) for 

perforndng.tbree-dimensional CG processing, wil.l be de-

scribed below w:l..th reference to FIGS. 1 through 24. 

As shown ·:1.11 FIG. 1, an entertainment apparatus 10 com-

5 prises a main CPU 12 for control.ling the entertainment appa-

ratus 10, a main memory 14 for storing various programs to 

be run and various data, an image processor 18 for generat-

ing :lmage data under the control of the main CPU 12 and out-

putt.ing the generated image data to a displ.ay unit 16, e.g., 

10 a CRT, and an input/output port 20 for sending data to and 

receiving data from external. devices. 

The main memory 14, the 1mage processor 18, and the :1.n-

,Put/output port 20 are connected to . the ma:ln CPU 12 v:la a 

bus 22. To the :input/output port 20, there are connected an 
···:'· 

15 input/output device 24 for inputting data (key entry data. 

coordinate data, etc.) to the entertainment apparatus 10:. 

and an optical. disk drive 26 for p1aying b~ck an optical 

disk such as a CD-ROM or the l.ike in which various programs 

and data (obje~t~r~lated data, texture data, etc.). 

20 The ~age processor 18 comprises a render.ing engine 30, 

a memory interface 32, an image memory 34, and a display 

control.ler 36 such as a programmable CRT controll.er or the 

l.ike. 

The rendering engine 30 .serves to render image data in 

25 the image memory 34 via the memory .interface 32 based on a 

rendering connand supplied from the main CPU 12. 

A f.irst bus 38 is connected between the memory inter-
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face 32 and the render:lng engine 30·, and a second bus 40 :ls 

connected between the memory :Lnterf ace 32 and the image mem­

ory 34. Each of the first and second buses 38, 40 has a 

128-bit width for a11owing the rendering engine 30 to render 

5 image data in the j.mage memory 34 at a high speed. 

The rendering eng:lne 30 :ls capabl.e of rendering image 

data of 320 x 240 p.ixels or· image data of 640 x 480 pj.xels 

according to the NTSC or PAL system on a rea1-time fash:lon. 

:l~e •• in 1/60 seconds to 1/30 seconds, more than ten ti.mes 

10 to several ten times. 

The image memory 34 :ls of a unified.memory structure 

that is ab1e to desi.gnate a non-di.spl.ay area 34a and a dis­

play area· 34b as the same area •. 

The :lmage controller 36 writes texture data read vi8. 

15 the optical disk dr:lve ·26 or texture data generated· :Ln thei 

ma:ln meinory 14 via the memory interface 32 into · the non-· 

displ.ay area 34a of the image memory 34, and reads image da­

ta rendered in the ·display area 34b of the image memory 3·4 

v:la the memory interface 32 and outputs the.read~iniage data 

20 to the'display unit 16 to disp1ay an· image thereon. 

A characteristic function of the entertainment appara­

tus 10, i.e., a funct:Lon to p1ot a number of objects of 

identical shape at a high speed, w:lll be descr:Lbed be1ow. 

This function is recorded as a program.(object group 

25 pl.ott:lng means) :ln an optical disk. The function can be 

read from the opt:lcal. disk, stored :lnto the ma:tn memory 14 

via the optica1 disk drive 26, and performed by being ex-
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eouted from.a certai.n address thereof. 

The object group p1otting means performs a norma1 ren­

dering process, whicb 1nc1udes texture expression and hi.dden 

surface removal and carries out physicalcalcu1ations, per-

5 spective transformat:lon, and po1ygon rendering, on at least 

on.e object, maps the rendered image as a texture onto .a pro­

visional object composed of a smali number of po1ygons, and 

renders the object in an area to be displayed. 

Several embodiinents of the object group plotting means 

10 wi11 be described below. 

An object group plotting means lOOA (see FIG. 6) ac­

cording to a first embodiment of the pres~~t invention per­

_,f orms a norma1 rendering process on at least one object,. 

renders the object image in the disp1ay ar~a 34b of tbe 1.m-

15 age memory 34, maps t:tie image rendered in the display area 

34b .as a texture onto a provisional object, composed of a 

sma11 number of polygons, for remain.ing (n - 1) objects, and 

renders the object image in the display area 34b. 

20 

For example, an object 102 of grass leaves shown in 

FIG. 2 or an object 104 of sunflowers shown in FIG. 3 is 

prepared. A norma1 rendering process is performed on the 

object 102 or 104 based on coordinate data determi.ned by an 

application program, and tbe object image is rendered in an 

area A, for example, in the display image 34b of the image 

25 memory 34. 

For storage in other areas Bl - Bl5 in the display im­

age 34b of the 1.mage memory 34, a provisional object 106 
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composed 0£ a sma1l. number of polygons. e. g· ••. two polygons 

'Pl; P2, is prepared, as shown in FIG. 5.· 

Based on coordinate data determined for each of the ar­

eas Bl - Bl5 according to the application program, the ob-

5 ject .image rendered in the area A is mapped as a texture on­

to the provisional object 106, which is then rendered in a 

correspondi.ng one of the areas Bl - Bl5. 

By repeating the above process for the. areas Bl - 815. 

it is possible to plot a grass plain waving in a breeze on 

10 the display screen or sunflowers in crowds that turn with 

ti.me on the tU.splay screen. 

The arrangement and processing sequence of the object 

group plotting means lOOA accorcli.ng to the fi.rst embodiment 

will. be described bel.ow .wi.th.·reference to:.FIGS• 6 through 

15 15. 

Asshown in FIG. 6, the object group plotting means 

lOOA comprises an animation processing means 110 operabl.e by 

predetermined application software. for succe~sively updat­

ing data stored in a motion information tabl.e 108 to move an 

20 object accordi.ng to a predetermined sequence. a tabl.e read­

ing means 116 for reading inf~rmation of .a single object 

from a detailed object information table 112 or a simple ob­

ject information table 114. a coordinate reading means 118 

for successively reading motion coordinates from the motion 

25 information table 108. a detailed rendering means 120 for 

plotting an object according.to a normal rendering process, 

a simple rendering means 122 for plotting an object accord-



W008n9486 PC't/JPOOJ03916 

- 15 -

ing to a simpler texture apply.ing process, a processi.ng com­

pleti.on determining means 124 for determining whether the 

process has been completed wi.th respect to all objects or 

not, an image display processing means 126 for displayi.ng a· 

5 group of objects rendered in the image memory 34 on the di.s­

play unit 16, and an end determining means 128 for determin­

ing whether there 1.s a request to end the program or not. 

As shown .in FIG. 7, the detai.led rendering means 120 

compr.1ses a £1..le reading means 132 £or reacling a detail.ed 

10 object fi.l.e 130, a vertex coordinate calculating means 134 

for cal.cul.ating vertex coordinates of polygons based on the 

present moti.on coordinates. a renderi.ng means 136 for per­

··formi.ng the normal rendering process, including texture ex­

pressi.on and hidden surface removal. on a po.lygon and ren-

15 derl.ng the po1ygon image in the area A (see FIG. 4). for ex­

amp1e, in the·disp.lay area 34b of the image.memory 34, and a 

process.1ng completion detezm:Ln:l.ng means 138 for determini.ng 

whether the rendering process has been completed with re­

spect to ai:t polygons. · 

20 As shown in FIG. 8, the simpl.e rendering means 122 com-

prises a. file reading means 142 £or readi.ng a si.mple object 

file 140, a vertex coordinate calculating means 144 for cal­

cUJ.ati.ng vertex .. coordinates of polygons based on the present 

moti.on coordinates, a texture applying means 146 for apply-

25 ing the image rendered 1.n the area A (see FIG. 4), for exam­

ple, 1.n the displ.ay area 34b of ·the 1.mage memory 34 as a 

texture to po1ygons at an enlarged or reduced scale depend-
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ing on the display ranges of the polygons, and a tu.dden sur­

face removal means 148 for performing hidden surface re­

moval. 

Details of the various tables and files will be.de­

s scribed below with reference to FIGS. 9 through 12. 

As shown in FIG. 9, the detailed object information ta­

ble 112 and the s1.mple object information table 114 store 

information requ:ired for each object, i.e., the number of 

polygons and reference coord1.nates. The reference coordi-

10 nates comprise xyz coord1.nates (x, y, z) at the center (cen­

ter of gravity) of the object and angu1ar displacements (9x:·, 

0y, 8z) about the respective axes. Initial·values of the an­

gular displacements .(Ox, 9y, &z). are· (Ox, Oy,. Oz) = (O,· O, 

15 

0). 

As shown in FIG. lOi the.detai1ed .. object fil.e 130 

stores the vertex coord::l.nates of a number of polygons .that 

make up a normal object. The vertex coordinates are·based 

on the reference· coordinates of the normal object. 

As shown in FIG. 11, the simple object file 140 stores 

20 the vertex coordinates of a few (e.g., two) polygons that 

make up a simple object. 'l'he vertex coordinates are based 

on the reference coord1.nates of the simple object. An ob-

ject which is made up of a few polygons stored in the·s:lmple 

object file 140 may be def 1.ned as the provisional object · 

25 106. 

As shown in FIG. 12, the motion 1.Dformation table 108 

stores motion coordinates of each object, and is generated 
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by the an:imation processing means 110. The motion coordi­

nates are representative of how much each object has been 

displaced and/or rotated from the reference coordi.nates 

thereof. Consequently, it is possibl.e to calcul.ate new ver-

5 tex coordinates of a polygon after being displaced and/or 

rotated, from the reference coordinates and the motion coor­

dinates of the object and the vertex coordinates of the 

polygon. 

In the object group plotting means lOOA according to 

10 the first embodiment, the animation process.tng ··means 110 

·successively updates the data in the motion information ta­

·ble 108 in order to move an object according to a predeter­

···mned sequence in step Sl shown in FIG. 13. 

In step S2, the table reading means 116 reads informa-

15 ticin ·of an object which is to be processed according to the 

normal rendering process, .from the detail.ad object informa­

tion table 112. 

Then, in step S3, the object group pl.Otting means lOOA 

stores· an· ini ti.al value • o • in an index· .register ·:1. for 

20 searchi.ng for an object, thus initializing the index regis­

ter i.. 

· In step· S4, the coordinate reading means 118 reads the 

present motion coordinates at an ith object from the motion 

information table 108. '!'hereafter, in step SS, the detail.ed 

25 rendering means 120 performs its processing. 

A processing sequence of the detail.ad rendering means 

120 will be described bel.ow with reference to FIGS. 7 and 
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14. 

In step SlOl shown in FIG. 14, the f:i.1e reading means 

132 reads the detailed object file 130. 'lhereafter, the de­

tail.ed rendering means 120 stores •o• in an index register j 

5 for searching for a polygon, thus ini.tializing the index 

register j in step S102. 

In step Sl03, the vertex coordinate ca1cul.ating means 

134 cal.culates vertex coordi.nates of a jth polygon based on 

the present motion coordinates. Thereafter, the rendering 

10 means 136 performs the normal rendering process. including 

texture expressi.on and bi.dden surface remova1, on the jth 

polygon, and renders the pol.ygon :Image 1.n the area A (see .. 

FIG. 4),. for exampl.e, in the display area 34b of the image 

memory 34 in step Sl04. 

15 Then, in step SlOS, the detailed renderi.ng .mean·s 120 

·.increments the index register j by + l. In step Sl06,. the . 

processing completion determini.ng means 138 determines 

whether the process has been completed with respect to a1l 

pol.ygons or not, based on whether or- not the-.va1ue .of .. the 

20 index register j is egual to or greater than the nwnber M of 

polygons contained in the object. 

If the process has not been compl.eted with respect to 

all polygons,. then control goes back to step Sl03 to calcu­

late vertex coordinates of a next polygon and performs the 

25 normal rendering process on the next pol.ygon. If the proc­

ess has been completed with respect to all. polygons. then 

the processing sequence of the detailed rendering means 120 
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is brought to an end. 

The detailed rendering means 120; therefore, renders 

the object produced by the normal rendering process in the 

area A in the display area 34b of the image memory 34. 

5 Control then goes back to the main routine shown in 

FIG. 13. In step S6, the table reading means 116 reads in­

formation of an object to be rendered acc~rding to the s.iln­

ple texture applying process, from the simpl.e object infor­

mation table 114. 

10 In step S7, the object group pl.otting means lOOA incre-

ments the index register i by + 1. '!'hereafter, in step SB, 

the·ooordiliate reading means 118 reads the present motion 

coordinates at the 1.th object from the motion information 

table 108. Thereafter, in step S9, the simple renderiDg 

15 means 122 performs its processing. 

A processing sequence of ·the simpl.e rendering means 122 

will be described below w:l.th reference to FIGS. 8 and 15. 

In step 6201 shown in FIG. 15, the fil.e reading means 

142 reads the simple object file 140. Thereafter, :Ln step 

20 6202, the vertex coordinate ca1cu1ating means 144 calculates 

vertex coordinates of all polygons registered in the simple 

object file 140 based on the present motion coordinates. 

In step S203, the texture applying means 146 applies 

the image rendered in the area A, for example, in the dis-

25 p1ay area 34b of the image memory 34 as a texture to the 

polygons at an enl.arged or reduced scale depending on the 

display ranges of the polygons. Specificall.y. the texture 
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app1yi.ng means 146 maps the image rendered in the area A as 

a texture onto the provisiona1 object 106 which is made up 

of a small number of polygons. At this time, the provision­

al :Lmage 106 is rendered in ari area to be displayed of the 

5 display area 34b of the image memorj' 34, while the hidden 

surface removal. means 148 is perfornling hidden surface reino­

val on the provisional image 106. 

When the prooess1ng in step 5203 is finished, the proc­

essing sequence of the simpl.e rendering means 122 comes to 

· 10 an end. 

The s.1mp1e rendering means 122, therefore, renders the 

provisional object 106, which bas been generatedtJY applying 

a s:lmple texture, in a predete:cmined area B (e.g., one of 

the areas Bl - ins shown in ·FIG. 4) in the 'di:splay area 34b 

15 of the image memory 34. 

control then goes·back to the main routine shown in 

FIG. 13. In step SlO, the object group plotting means lOOA 

increments the index register ~-by+ 1. Thereafter, in step 

Sll, the processing .. completion· .detekmining means. 124 deter-

20 mi.nes whether the process has been completed with respect to 

all objects or not, based on whether or not the value of the 

index register i is equal to or greater than the number n of 

objects registered in the simple object information table 

114. 

25 If the process has not been completed with respect to 

a1J. objects, contro1 .returns to step S8 for the simple ren­

dering means 122 to render an image by applying a simpl.e 
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texture. The processing in steps SS - Sll is repeated (n -

1) times. 

When the process has been comp1eted with respect to all 

provisional objects 106r control proceeds to step S12 in 

5 which the image di.splay processing means 126 di.sp1ays a 

group of objects rendered in the display area 34b of the im­

age memory 34 on the display unit 16. 

In step Sl3, the end determining means 128 determines 

whether there is a request to end the processing of the ob-

10 ject group plotting means lOOA or not. If there is no such 

request, control goes back to step Sl to perform a single 

detailed rendering cycle for the displ.ay area 34b and (n -

1) simple rendering cycles for the display area 34b based on 

the motion coordinates of each object updated by a next ani-

15 mation process. If there is a request to end the processi.ng· 

of the object group plotting means lOOA, then the processing 

of the object group plott:i.ng means lOOA is ended. 

With the object group plotting means lOOA according to 

the ~irst ~bodJ.m~ntr ~erefore, for renderi.ng n objects in 

20 the display area 34b of the image memory 34, the normal. ren­

dering process is performed on at least one object to render 

the object in the area A of the display area 34, and the ilil­

age rendered in the area A of the display area 34b is mapped 

as a texture onto the provisiona1 object 106 for remaining 

25 (n_ - 1) objects, and rendered 1.n the display area 34b. 

Therefore, the cost of calculations and rendering for ex­

pressing images that cannot be expressed by textures only, 
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e.g.,· an image of ·a grassy plain wavi.ng in•a breeze or an 

image of sunfl.owers 1.n crowds that turn wi.th time,. can ef-

fect1.vel.y be reduced. 

Inasmuch as the provisional. object 106 is rendered by 

5 mapp1.ng an image produced accordi.ng to the no:i:'ma.l rendering 

10 

process as a texture, more complex expressions than images 

rendered with prepared textures can be rendered. For exam-

p.le,. deformations of objects and viewpoint transformations 

can be expressed freel.y and smoothl.y. 

An object group plotting means lOOB according to a sec-

ond embodiment of the present invention wil.1 be described 

below with reference to FIGS. 16 through 24. 

The object group plotting means lOOB according to the 

second embodiment, for rendering n objects in the display 

15 area 34b o·f the image memory 34,. performs a normal rendering 

process on at l.east one object,. renders the object image in 

the non-display area• 34a of the image memory 34, maps the 

image rendered in the non-di.splay area 34a as a texture onto 
. . 

a provisional. object 106 as·n objects, and renders the.ob.;,;. 

20 ject 1.mage in the displ.ay area 34b. 

For example, as shown in FIG. 16, an object 150 repre-

senti.ng a dancing human being is prepared. A normal render-

ing process is performed on the object 150 based on coordi­

nate data determi.ned by an appl.icat.ion program,. and the ob-

25 ject image :is rendered in an area c in the non-disp.lay image 

34a of the :image memory 34, .as shown 1.n FIG. 17. 

For storage in other areas Bl·- B9 in· the di.spl.ay ·:image 
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34b of ~e . image memory 34, .· a prov:l.s:l.onal object 106 com­

posed of a small.number of polygons, e.g., two polygons Pl, 

P2, is prepared, as shown in FIG. s. 

Based on coord:l.nate data determ:l.ned for each of the ar-

5 eas Bl - 89 accord:l.ng to the appl:l.cation program, the object 

:l.mage rendered in the area C :l.s mapped as a texture onto the 

prov:l.sional object 106, wlU.ch :Ls then rendered in a corre­

sponding one of the areas Bl - 89. 

By repeating the above process for the areas Bl - B9, 

10 :l.t is poss:l.ble to plot a group of people dancing i.n synchro­

nism with each other on the d:l.splay screen. 

The arrangement and process:l.ng sequence of the object 

group pl.ott:l.ng means lOOB accord:l.ng to the second embodiment 

w:l.11 be descr:l.bed below with reference to FIGS. 18 throµgb 

15 24 •. 

The object group p1ott:l.ng means lOOB according to the 

second embodilllent is of substantia1ly the same arrangement 

as the object group plotting means lOOA according to the 

first .embodiment, but d:l.ffers therefrom with respect to the 

20 fo11ow:l.ng aspects: 

(1) As shown in FIG. 18, the rendering means 136 of the 

detailed rendering means 120 performs the normal rendering 

process on each of the po1yg~ns that make up one object, and 

renders the illlage in the area c {see FIG. 17), for example, 

25 in the non-clisplay area 34a of the image memory 34. 

(2) As shown in FIG. 19, the texture appl.ying means 146 

of the simple rendering means 122 maps the image rendered :l.n 
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the area c in the non-display area 34a of the ·image memory 

34 as a texture onto each of the polygons that make up one 

object. 

A processing sequence of the object group plotting 

5 means 1008 according to the second embodiment wi11 ·be de- · 

scribed below with reference to FIGS. 20 through 22. 

The animation processing means 110 success1.ve1y updates 

the data in the motion information table 108 in order to · 

move an object according to a predetermined sequence in step 

10 6301 shown in FIG. 20. 

In step 8302, the tab1e reading means 116 reads infor­

mation of an object which is to be processed according to 

the normal. rendering process, from the detailed object in~ 

fonnat:l.on table 112. 

15 Then,. in step 5303.. the object group plotting means 

lOOB stores an in:l.tia1 va1ue •o" in an index register .1 ·for 

searching for an object, thus initializing·the index regis­

ter i. 

In step 8304, the: coordinate reading means· 118 reads · 

20 the present motion coordinates at an ith object from the mo­

tion information tab1e 108. Thereafter .. in step 8305, the 

detailed rendering means 120 performs its· processing. 

A processing sequence of the detailed rendering mearis 

120 will be described below with reference to FIGS. 18 and 

25 21. 

In step S401 shown 1n FIG. 21 .. the file reacU.ng means 

132 reads the detailed object f1.1e 130. Thereafter,. the de-
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tailed render.ing_means 120 stores •o• in.an index register j 

for search:lng for a polygon. thus :Lnitializing the index 

register j in step 6402. 

In step 8403, the vertex coordinate calculating means 

5 134.calculates vertex coordinates of a jth polygon based on 

the present motion coordinates. Thereafter, the rendering 

means 136 performs the normal. rendering process, including 

texture expression and hidden surface removal, on the jth 

polygon, and renders the polygon :Lmage in_the area C (see 

10 FIG. 17), for example, in the non-display area 34a of the 

:lmage memory 34 in step S404. 

Then, in step S405, the detailed render.ing means 120 

increments the index register j by+ 1. In step S406,_ :i:~e 

processing completion determining means 138 detennines 

15 whether the process has been completed with respect to all . 

.. polygons or . not, based on whether or not the value of th~ .... · 

index: register j is equal to or greater than the number M of 

polygons contained in the object. 

,If t~e p~c.ess has not been completed with respe~t to 

20 all polygons, then control goes back to step 6403 to cal.cu­

late vertex coordinates of a next polygon and performs the 

nomal rendering proce~s on the next polygon. If the proc­

ess has been completed with respect to all polygons, then 

the process~g sequence of the detailed rendering means 120 

25 is brought to an end. 

The detailed rendering means 120, therefore, renders 

the e>bject produced by the norma1 rendering process .in the 
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area c in the non-di.splay area 34a of the image memory 34. 

Control then goes back to the mai.n routine shown in 

FIG. 20. In step S306, the tab1e reading means 116 reads· 

information of an object to be rendered according to the 

5 simple texture applying process. from the simp1e object in-

formation table 114. 

In step 6307, the coordinate reading means 118 reads. 

the present motion coordinates at the ith object from the 

motion .information tabl.e 108. '!'hereafter, in step S308, the 

10 sim.pl.e rendering means 122 performs its processing. 

A processing sequence of the simpl.e rendering means 122 

will be described below with reference to FIG. 22. 

In step S50l·shown in FIG. 22, the fil.e reading means 

142 reads the s.impl.e object fil.e 140. Thereafter, in step 

15 SS02, the vertex coord:i.nate ca1culating-means 144 ca1cu1ates 

vertex coordinates of all polygons registered in the· simple 

object file 140 based on the present moti.on coordinates. 

In step S503, the texture applying means 146 applies 

the illla.ge rendered in the area c, for· example, ·in· the non-

20 display area 34a of the .image memory 34 as a texture to the 

polygons at an enlarged or reduced scale depending on the 

display ranges of the polygons. Specifical.ly. the texture 

apply:ing means 146 maps the 1.m.age rendered in the area C as 

a texture onto the provisional. object 106 which is made up 

25 of a sma11 number of po1ygons. At this time, the provision­

al. 1.mage·106 ~s rendered in an area to be d1sp1ayed of the 

displ.ay area 34b of the image memory 34, wh1le the hidden 
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surface removal. means 148 is perfo:cming hJ.dden surface remo­

val. on the provisional. image 106. 

When the processing in step S503 is finished, the proc­

essing sequence of the simpl.e rendering means 122 comes to 

5 an end. 

The simple rendering means 122, therefore, renders the 

provisional object 106, which has been generated by appl.ying 

a simple texture, in a predetermined area B (e.g. , one of 

the areas Bl - B9 shown in FrG. 17) in the display area 34b 

10 of the image memory 34. 

Control then goes back to the main routine shown in 

FrG. 20. rn step S309, the object group plotting means lOOB 

increments the index regi.ster i by + 1. '!'hereafter. in step 

6310', ·the processing compl.etion determining means 124 deter-

15 mines whether the process has been compl.eted with respect to 

all provisional objects 106 or not, based on whether or ;not 

the value of the index register i is equal. to or greater 

than the number n of provisional objects registered in the 

s:lmple object information tabl.e 114. · · · · 

20 rf the process has not been completed with respect to 

al.l provisional objects 106, control returns to step S307 

for the simple rendering means 122 to render an image by ap­

ply1.ng a simple texture. The processing in steps 6307 -

6310 is repeated n ti.mes. 

25 When the process has been completed with respect to all 

provisional objects 106, control proceeds to step S311 :l.n 

which the :Image clispl.ay processing means 126 displ.ays a 
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group of object~:;~ndered in the di.splay '·area 34b of the :Lm­

age memory 34 on the cUsplay unit 16·. 

In step 8312. the end determini.ng means 128 determines 

whether there is a request to end the processing of the ob• 

5 ject group plotting means lOOB or not. If there is no such 

request, control goes back to step $301 to perform a single 

detai.led rendering cycle for the non-display area 34a and n 

s.imple rendering cycles for the display area 34b based on 

the motion coordinates of each object updated by a next ani-

10 mation process. If there is a request to end the processing 

of the object group plotting means lOOB, then the processing 

of the object group plotting means lOOB is ended. 

With the· object group plotting· ·means lOOB ·according to 

the second embodiment, '·therefore, for rendering n objects in 

15 the displ.ay area 34b o£·the :tmage·memory34, ·the normal. ren­

dering process is performed on at l.east one object to render 

the object in non..:dispJ.ay area 34a, and the image rendered 

in the non-display area 34a is mapped as a texture onto n· 

provisional. objects 106, and rendered inthe displ.ay area; 

20 34b. Therefore, the cost of calculations and rendering for 

expressing images that cannot be expressed by textures only. 

e.g •• smooth motions, dynami.c motions, and interactive vie~­

point transformations, can effectively be reduced. There­

fore, an image of a group of peop1e·danc.i.ng in synchronism 

25 with each other or an image of many enemy robots that attack 

all at once can be expressed slllply at a low cost. Inasmuch 

as the provisional object 106 is rendered by mapping an im-
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age produced according ~o the normal rendering-process as. a 

texture, more comp1ex ex:pressi~ns--than images rendered -with 

prepared textures can be rendered. For ex8:Jnp1e, deforma­

tions of objects and v1.ewpoint transformat1.ons can-be ex-

5 pressed freel.y and smoothl.y. 

In the first and second embodiments, ~1nce...one object 

1s pl.otted as a uni.tary texture,_ the ·fol.lo.wing i.mage proc­

essing error can be all.eviated: 

If a.11 objects· are pl.otted .in deta.1.J. J>Ol.ygon-·by pol.ygon 

10 according to the normal. render1ng process, then when an im­

age of a first object 160 and a second object 162 cl.ose to 

each other is expressed, as shown i.n FIG. ~3, pol.ygons of. 

these objects-may possibl.y be wrongl.y arranged in the;Lr 

l.ayerJ.ng order depencling on the caJ.cuJ.ating error in tbe. -

15 imaging process or the accuracy of the hidden remova1 {& 

buffering process etc.) or the like. 

If such a J.ayering err0-r occurs, then when the fi.rst 

object 160 and the second object 162 are v1.ewed by naked -­

eye, as shown :Ln FIG. 24-, they 1ook as if b1.t1.ng each other 

20 or pol.ygon boundaries are made--v1.sible. 

With the object group plotting means lOOA, lOOB accord­

.ing to the first and second embodiments, a1;1 descr!.bed above, 

since one object is rendered with a--text~ appl:l.ed to a­

smal.1 number of polygons, the processing o~erat:l.on and the 

25 time and cost required thereby-may be reduced when the ob­

jects need to be determJ.ned {processed)-for accurate layer­

ing, and the first object.160 and the second object 162 do 
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not look as if b~~,~g each other. ·;, :·.r;: 

With the method of and the apparatus for rendering an 

image·accorcling to the present invention. as described 

above. one object is processed according to the normal. ren-

5 dering process. and other objects are simply processed by 

10 

15 

the application of a texture. Consequently, the period of 

time required to make cC!ll.culations and plot many objects can 

great1y be reduced, and the objects can be p1otted of 1!-igh 

qua1ity. 

Furthermore, by using the recordi.ng medium according.to 

the present _invention. it is possib1e to easi1y perform an 

image rendering process which greatly reduces the period of 

t.ime required to make calculations· and.plot.many objects :and 

p1ots objects of h:igh quality. 

Although certain preferred ·embodiments of the present 

invention have been shown and described in detai1, it should 

be understood that various changes and modifications may be 

made therein without depart:Lng from the scope of the append-

ed claims~ ' ~ . ; . ,· . 
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1. A method of rendering an image,. compris:lng the steps 

of: 

perf o:i::ming a norma1 rendering process on at l.east one 

object to render an image: and 

mapping the rendered image as a texture onto a provi-

sional object (106) composed of a small. number of polygons 

(Pl. P2) and rendering the object in an area (34b) to be 

10 dispJ.ayed. 

2. A method according to cl.aim l. wherein said step of 

performi.ng the normal rendering process comprises the step 

of rendering the image in a display area (34b) of an image 

15 memory (34). 

3. A method according to cl.aim 2. further comprising 

the steps of: 

.when n objects are to be rendered 1.n the display area 

20 (34b) of an image memory (34),. performing the norma1 render-

ing process on at 1east one of the objects to render an im-

age in said displ.ay area (34b): and 

mapping the image rendered in said displ.ay area (34b) 

as a texture onto the provisional object (106) for the re-

25 ma.ining (n - 1) objects and rendering the object in sai.d 

di.splay area (34b). 
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4. A method according to c1aim 1, wherein saJ.d step of 

performing the norma1 rendering process comprises the step 

of rendering the image in a non~display area (34a) of an .im­

age memory (34). 

5. A method according to cl.alll 4, further comprising · 

the· steps of: 

when n objects are to be rendered in a di.spl.ay area, 

{34b) of the :lmage memory (34), performing the normal ren-

10 dering process on at least one of the objects to render an 

image ·in said non-dispJ.ay area (34a)r and 

mapping the image rendered in said non-displ.ay area 

(34a) as a texture onto the provisional object (106) for the 

n objects and rendering·the·object· insldd'd:lspl.ay area 

·15 (34b). 

6. An apparatus for rendering an image, compr1.sing: 

detail.ed rendering means (120) for performing a normal 

rendering· process on at · i.east· one ··object ·to' render an· image: 

20 and 

25 

simp1e rendering means (122) for mapping the rendered 

image as a texture onto a provisional.·object ·c106) composed 

of ·a smail number of pol.ygons ·(Pl, P2) and renderbg the ob­

ject in an area (34b) to be displayed. 

7. An apparatus according to c1aim 6, wherein said'de­

ta:i.J.ed render.tng means (120) comprises means for renderi.n9 
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the image .in a di.splay area (34b) of an 1.mage memory (34). 

8. An apparatus according to c1aim 7, where.in when n 

objects are to be rendered in a d:l.splay area· (34b) of the 

S image memory (34), said detailed rendering means (120) com-

prises means for performing the normal rendering process on 

at least one of the objects to render an :linage in sa1.d dis-

pl.ay area (34b), and sai.d simpl.e rendering means (122) com­

pri.ses means for mapping the 1.mage rendered in sai.d displ.ay 

10 area (3,.b) as a texture onto the prc:>visional. object (106) 

for the remaining ( n - 1) objects and renC;'leri.ng the object 

in said display area '(34b). 

9·. An· apparatus according to cl.aim 6, .· wherein sa:l.d de-

15 tailed rendering means (120) comprises means for rendering 

the image in a non-displ.ay area (34a) of an image memory 

(34). 

-10. An· apparatus according to.c1aim 9,·wherein when n 

20 objects are to be rendered in a display area (34b) of the 

image memory (34), said detai.led rendering means (120) com-

prises means for performing the normal rendering process on 

at least one of the objects to render an image in said non-

disp1ay area (34a), and said simp1e rendering means (122) 

25 comprises means for mapp.:l.ng the :l.mage rendered in snd non­

d:l.spl.ay area (34a) as a texture onto the provisional object 

(106) for the n objects and render:l.ng the object in said 
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11. A recording medium storing a program which compris-

es the steps of: 

perfornd.ng a detail.ed rendering process for performing 

a normal rendering process on at least one object to render 

an image: and 

performing a simpl.e rendering process for mapp:lng the 

rendered image as a texture onto a provis:lonal. object (106) 

10 composed of a smal.l. number of pol.ygons (Pl, P2) and render-

ing the object :1n an area (34b) to be displ.ayed. 

12. A recording medium according to claim 11, where:ln 

sai:d step of perform:Lng said deta:LJ.ed renderi.ng processfor 

15 perform:lng the normal rendering process comprises the step 

of rendering the image in a display area (34b) of an image 

memory (34). 

13. A recording medium· according-· to clai.lil 12·~ wherein 

20 further comprising the steps of: 

when n objects are to be rendered in the displ.ay area 

(34b) of an image memory (34), performing sai.d detailed ren-

dering process for performing the normal. rendering process 

on at least one of the objects to render an image in sai.d 

25 display area (34b); and 

perf ormi.ng said simple rendering process for mapping 

the .image rendered :ln sai.d display area (34b) as a texture 
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onto the provis:i.onal object (106) for the remain.1.ng (n - 1) 

'objects and renderi.ng the object in said display area (34b). 

14. A recording medilDD according to c1aim 11, where1n 

· 5 said step of perf o:rming said deta11ed rendering process for 

10 

performing the normal renderi.ng process comprises the step 

of rendering the image in a non-display area (34a) of an im­

age memory (34). 

15. A recording medium according to claim 14, further 

compri.sing the steps of: 

when n objects are to be rendered in a disp1ay area 

(34b) of the image.memory (34), performing said deta11ed 

rendering process for performing the normal rendering proc-

15 ess on at least one of the objects to render an image in 

said non-display area (34a); and 

performing said simple rendering process for mapping 

the image rendered in sa1d non-di.splay area (34a) as a tex­

ture onto the prov1s1.onal object (106) for the n objects and 

20 rendering the object 1n sa1d display area (34b). 

16. A program compris1ng the steps of: 

performing a detai1ed render1ng process for perf~rnnng 

a normal rendering process on at 1east one object to render 

25 an image; and 

performing a s1mp1e rendering process for mapp1ng the 

rendered i.mage as a texture onto a prov1s:i.onal object (106) 
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composed of a small number of po1ygons (Pl, P2) and render-

.ing the object in an area (34b} to be displayed. 


