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DESCRIPTION

METHOD AND APPARATUS FOR RENDERING IMAGE

Technical Field

The present invention relates to a method of and an ap;
paratus for rendering an image of a number of 6bjects of the
same shape, e.g., ﬁ grﬁssy plain'ﬁaving in a breeie or sun-
flowers in crowds, a recording mediﬁm,which stores a program
for rendering such an image, and a'proéram for.rendeiing

such an image.

Background Ait
“Recently, various computer graphics (CG) processin§

techniques including hidden.ling processing, hidden surface
removal, smooth shading{ texture mapping, etc. havé been in
rapid progress.in combinétion with quickly growing ha;dware
technologies. ' |

. hccording_to a_genéral CG processing scheme, g'plural-
ity of thieé-dimensional shapes (objects) are generated'by

three-dimensional modeling of CAD, and a rendering prbcesé

is pe:formed“by generating applying colors and shades to the

‘objects, adding optical properties including mirror reflec-

tion, diffuse reflectibn, refraction, transparency, etc. to

the objects, adding surface patterns to the objects, and

plotting images depending on surroundings such as window and -
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scenery reflections and ambient light.

¥When a number 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
generated objects.

Specifically, for processing an ordinary polygon. the
perspective transformation is effected on the veitexes of
the pblygon by a geometry processor, and the obtained poly-
gon is.rendered in a rendéring memory for display by a ren-
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 verfekeé) perspec¥

tive transformations 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’
objects are displayed on a display monitor is relatively

low.

:Disc10sure of Invention

It is therefore an object of the present invention to
provide a method of and an apparatus for rendering an image,
a recording medium which stbres a program for rendering such

an image, and a program for'rendering such an image, by per-
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forming a normal rendering process a single object, for ex-
amﬁle, and applying a texture to other opjects, so that the
period of time required to make calculations and plot the
objects can greatly be reduced, and@ the objects can be plot-
ted of high quality. -

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 provisional
objecf composed of a small number of polygons and rendering
the object in an area to be displayed.

- With above method, the normal rendering process is per-

_fqrmed on at least one object, and the produced 1mage-is

rquered-in a display area or a non-display area of ah image
memory.

Then, the renderéélimagg is mapped as a texture ontb a
provisional object.composed.of a small number of polygons
and the object is rendered in an area to be displayed.

. According to the above method, since the normal render-
ing process is performed on at least one of many objects and
the rendered image is applied as a texture to the remaining
objects, the period of time required to make calculations
and plot many objects can greatly be reduced, anq the objec-~
ts can be plotted of high quality. _

In the above method, tbe step of performing the normal
rendering process may comprise the step of rendering the im-

age in the display area of the image memory. For example,
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when n objects &re to be rendered in the display area of the
image memory., the normal rendering process may be performed
on at least one of the objecté to render an image in the
display area, and the image rendered in the display area may
be mapped as a texture onto the provisional object for the
remaining (n — 1) objects and the object may be rendered in
the display area.

Alternatively, the step of performing the norma;'réné
dering process may comprige the step of rendering the image
in the non-display area of the image memory. For example,
when n objects are to be rendered in the display area of the
image memory, the normal rendering process may pé'performed
on at least one of the objects to render an image in the

non-display area, and the image rendered in the non-display

- area may be mapped'as-é teXturé onto the provisional’bbject'

. for the n objects and the object may be rendered in the dis-

play area.

An apparatus for rendering an image according to the’
present invention comprises detailed rendering means for
performing a normal rendering process on at least 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-
ject in an area to be displayed.

With the above apparatus, the detailed rendering means
performs the normal rendering process on at least one ob-

ject, and renders the produced image in a display area or a
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non-display area of an image memory. .

Then, the simple rendering means maps the rendered im-
age as a texture onto a provisional object composed of a
small number of polygons and renders the object in an area
to be displayed. - |

According to the above apparatus, since the normal ren-
dering process is performed on at least one of many objects
and the rendered image is applied as a texture to the re-
maining objects, the period of time required to make calcu-
lations and plot many objects can greatly be reduced, and
the objects can be plotted of high quality.

The detalled rendering means may comp;ise means for

:renderiﬁg thelimage in the display area of the image memory.

For example, when n objects are to be rendered in the
display area of the image memory, the detailed rendering

means may comprise means for performing the nprmal rendering

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

the display area, and the simple rendering means may com-
prise means for mapping the image rendered in the display
area as a texture onto the provisional object for the re-
maining (n — 1) objects and rendering the object in the dis-
play area. |

Alternatively, the detailed rendering means may com-
prise means for rendering the image in the non-display area
of the image memory.

FPor example, when n ohjects-a:e to be rendered in the

display area of the image memory, the detailed rendering
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' means may comprige.means for performing the normal rendering
S e

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

the non-display area, and the simple rendering means com-
prises means for mapping the image rendered in the non-
display 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 which comprises the steps of a detailed-
rendering process for performing a normal rendering process
on at least one objeét to render an image, and a simple ren-
dering process for mapping the rendered image as a texture
onto a provisional object composed of a small number of
polygons and rendering the object. in an area to be dis- -
played.

-A-program-accdrding-to:the‘presentrinvention-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 rendering process for mapping the ren-
dered image as a texture onto a provisional object: composed
of a small number of polygons and rendering the object in an
area to be displa&ed.

With the above recording medium and program, the normal
rendering process is performed by the step of the detailed
rendering process on at least one object, and the produced
image is rendered in a display area or a non-display area of
an image memory.

Then, the rendered image is 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.

According to the above recording medium and program,
since the normal rendering process is perfbrmed on at least
one of many objects and the rendered 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 piotted of high

- gquality.

- In the recording medium and program, the step of the
detailed rendering process for performing the normal render-

ing process may comprise the step of rendering the image in -

" the ‘display area of the image memory.

- For example, when n objects are to be rendered in the
display area of the image memory, the detailed rendering -

process performs the normal rendering process on at least

--one 0f the objects to rendexr an image in the display area,

and the simple rendering process maps the image rendered in
the display area as a texture onto the provisional object
for the remaining (n — 1) objects and rendering the object
in the display area.

" Alternatively, the step of the detalled rendering proc-

ess for performing the normal rendering process may comprise

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

the image memory.

For example, when n objects are to be rendered in the
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display area of the image memory, the detailed rendering
process performs the normal rendering process on at least

one of the objects to render an image in the non-4display

' area, and the simple rendering process maps the image ren-

dered in the non-display area as a texture onto the provi-
sional object for the n objects and rendering the object in
the display area.

The above and other objects, features, and advantages
of the present invention will become more apparent from the
following description when taken in conjunction with the ac-

companying drawings in which preferred embodiments of the

.present invention are shown by way of illustrative example.

Brief Description of Drawings

FIG. 1 is a block diagram of a general arrangement 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;

_FIG. 4 is a diagram showing an example of a single de-
tailed rendering cycle and (n — 1) simple rendering cycles
for a display area of an image memory;

FIC. 5 is a diagram showing a provisional object'by way
of example; |

FIG. 6 is a functional block diégram of an object group
plotting means according to first and secbﬁd embodiments of

the present invention:;

“ PCT/JP00/03916
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-FIG. 7 is a functional block diagram of a detailed ren-
dering means in the object group plotting means according to
the first embodiment;

FIG. 8 is a functional block diagram of a simple ren-
dering means in the object group plotting méans according to
the first embodiment;

FIG. 9 is'a diagram showing details of a detailed ob-
Ject information table and a simple object information ta-
ble;

FIG. 10 is a diagram shawing,details of a detailed ob-
ject file;

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

~ FIG. 12 is a diagraﬁ showing details of a motion infor-
mafion_table:
. FIG. 13 is a flowchart of_u processing sequence of the
objéct group plotting means according to the first embodi-
ment;

FIG. 14 is a flowchart of a processing sequence of the
detailed_rendering.means 1n the object group plotting means
according to the first embodiment;

FIG. 15 is a flowchart of a p:ocessing sequence of the

‘simple rendering means in thg 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 diagram showing an example of a single de-
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tailed réndering cycle for a non-display area of an image
memory and n simple rendering cycles for a display area of
the image memory; |

FIG. 18 is a functional block diagrah'of a detailed
rendering means in an object group plotting means according
to a second embodiment of the present invention;

FIG. 19 is a functional block diagram of a simple ren-
dering means in the object group plotting means according to
the second embodiment of the present invention;

FIG. 20 is a flowchart of a processing sequence of the
object group plotting means according to the second embodi-
ment; |

FIG. 21 is a flowchart of a processing sequence of the
détailed'rendering means in the object group plotting means
according to the second embodiment; | | -

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

simple rendering means in the object group plotting means

according to the second embodiment;

FIG. 23 is a diagram showing an example of an image
whidh'represénts two objects close to each other; and

FIG. 24 is a diagram showing an example of an image
which'reprééents two objects biting into each other, with

polygon boundaries belng seen.

Best Mode for Carrying Out the Invention
Embodiments in which é method of and an apparatus for

rendering an image, as applied to an entertainment apparatus
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(hereinafte:. referred as an entertainment apparatus) for
performing three-dimensional CG processing, will be de-
scribed below with reference to FIGS. 1 through 24.

As shown in FIG. 1, an entertainment apparatus 10 com-
prises a main CPU 12 for controlling the entertainment appa-
ratus 10, a main memory.14'for storing va;ious programs to
be run and various data, an image processor 18 for generat-
ing image data under the control of the main CPU 12 and out-
putting the generateﬂ image data to a display unit 16, e.g.,
a CRT, and an input/output port 20 for sending data to and
receiving data f:om external devices.

The main memory 14, the image processor 18._and the in-

put/output port 20 are connected to the main CPU 12 via a

bungz. To the input/output port 20, there are connected an -
inpﬁt/output device 24 for inputting data (keg entry data,
coordinate data._etc.) to the entertainment apparatus 10,
and an optical_disk drive 26 for p;aying_back an optical
disk such as a CD-ROM or the like in which various programs
and data (object-related data, texture data, etc.).

The image processor 18 comprises a rendering engine 30,
a memory interface 32, an image memory 34, and a display
controller 36 such as a programmab;e CRT controller or the
like. | |

The rendering engine 30 serves to render image data in
the 1ma§e memory 34 via the memory'interface 32 based on a
rendering command supplied from the main CPU 12.

A first bus 38 is connected between the memory inter-
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face 32 and the rendering engine 30, and a second bus 40 is

"connected between the memory interface 32 and the image mem-

ory 34. Each of the first and second buses 38, 40 has a
128-bit width for allowing the rendering engine 30 to render
image data in the image memory 34 at a high speed.

The rendering engine 30 is capable of rendering image
data of 320 x 240 pixels or image data of 640 x 480 pixels
according to the NTSC or PAL system on a real-time fashion,
i.e., in 1/60 seconds to 1/30 seconds, more than ten times
to several ten times.

The image memory 34 is of a unified memory structure
that is able to designate a non-display area 34a and a dis-
play area 34b as the same area.

The imhge controller 36 writes texture ﬂ&ta read via
the optical disk drive 26 or texture data gehérated’in the
main memory 14 via the memory interface 32 into the non- -
display area 34a of the image memory 34, and reads image da-
ta rendered in the display area 34b of the image memory 34
via the memory interface 32 and outputs the read image data
to the display unit 16 to display an image thereon.

A characteristic function of the entertainment appara-
tus 10, i.e., a function to plot a number of objects of
identical shape at a high speed, will be described below.

This function is recorded as a program (object group
plotting means) in an optical disk. The function can be
read from the optical disk, stored into the main memory 14

via the optical disk drive 26, and performed by being ex-
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ecuted from a certain address thereof.

The object group plotting means performs a normal ren-
dering process, which includes texture expression and hidden
surface removal and carries out physical calculations, per-
spective transformation, and polygon réndgring, on at least
one object, maps the rendered image as a texture onto a pro-
visional object composed of a smali number of polygons, and
renders the object in an area to be displayed.

Several embodiments of the object group plotting means

will be described below.
An object group plotting means 100A (see FIG. 6) ac-

cording to a first embodiment of the present invention per-

:forms a normal rendering process on at least one object, .

renders the object image in the display area 34b of the_im-
age memory 34, maps the image rendered in the display area
34b as a texture onto a prdvisional object, composed of a
small number of polygons, for remaining (n — 1) objects, and
renders the object image in the display area 34b.

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 normal rendering process is performed on the
object 102 or 104 based on coordinate data determined by an
application program, and the object image is_rende:ed in an
area A, for example, in the display image 34b of the image
memory 34.

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

age 34b of the image memory 34, a provisional object 106
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composed of a small 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 - B15 according to the application program, the ob-
ject image rendered in the area A is mapped as a texture on-
to the provisional object 106, which is then rendered in a
corresponding one of the areas Bl - Bl5.

By repeating the above process for the areas Bl - Bl5,
it is possible to plot a grass plain waving in a breeze on
the display screen or sunflowers in crowds tﬁat turn with
time on the display screen.

The arrangement and'processing-sequence of the object
group plotting means 100A according to the first embodiment
will be described below with. reference to .FIGS. 6 through
15. |

As shown in FIG. 6, the object group plotting means -
100A comprises an animation processing means 110 operable by
predetermined application software, for successively updat-
ing data stored in a motion information table 108 to move an
object according to a predetermined segquence, a table read-
ing means 116 for reading information 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
information table 108, a detailed rendering means 120 for
plotting an object according to a normal rendering procéss.

a simple rendering means 122 for plotting an object accord-
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ing to a simpler texture-applying process, a processing com-
pletion determining means 124 for determining whether the
process has been completed with respect to all objects or
not, an image display processing means 126 for displaying a
group of objects_rendered in the image memory 34 on the dis-
play unit 16, and an end determining means 128 for determin-
ing whether there is a request to end the program or not.

As shown in FIG. 7, the detalled rendering means 120
comprises a file reading means 132 for reading a detailed
object £file 130, a vertex coordinate calculating means 134
for calculating vertex coordinates of polygons based on the

present motion coordinates, a rendering means 136 for per-

*forming the normal rendering process, including texture ex-

pression and hidden surface removal, on a polygon and ren-
dering the polygon imaée in the area A (see FIG. 4), for ex-
ample, in the display area 34b of the image memory 34, and a
processing completion determining means 138 for determining
whether the rendering process has been completed with re-
spect to all polygoms. - -

As shown in FIG. 8, the simple rendering means 122 com-
prises a file reading means 142 for reading a simple object
file 140, a vertex coordinate calculating means 144 for cal-
culating vertex coordinates of polygons based on the present
motion coordinates, a texture applying means 146 for apply-
ing the image rendered in the area A (see fIG. 4), for exam-
ple, in the display area 34b of the image memory 34 as a

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

' face removal means 148 for performing hidden surface re-

moval.

Details of the various tables and files will be de-
scribed below with reference to FIGS. 9 through 12. .

As shown in FIG. 9, the detalled object.information'ta-
ble 112 and the simple object information table 114 storxre
information required for each object, i.e., the number of
polygons and reference coordinates. The reference coordi-
nates comprise xyz coordinates (x, y, z) at the center (cen-

ter of gravity) of the object and angular displacements (0x,

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

_gular displacements (6x, Oy, 0z) are: (6x, 6y, 62) = (0, O,

0).
As shown in FIG. 10, the: detailed object file 130
stores.the vertex_coordinates.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 flle 140 stores
the vertex coordinates-éf a few (e.g., two) polygons that
make up a simple object. The vertex coordinates are based
on the reference coordinates of the simple object. An ob-
ject which is made up of a few polygons stored in the simple
object file 140 may be defined as the provisional object--
106.

As shown in FIG. 12, the motion information table 108

stores motion coordinates of each object, and is generated
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by the animation processing means 110. The motion coordi-

‘nates are representative of how much each object has been

displaced and/or rotated from the reference coordinates
thereof. Consequently, 1t is possible to calculate new ver-
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 100A according to

the first embodiment, the animation processing means 110

- successively updates the data in the motion information ta-
~‘ble 108 in order to move an object according to a predeter-

~mined sequence in step S1 shown in FIG. 13.

In step S2, the table reading means 116 reads informa-
tion ‘of an object which is to be processed according to the .
normal rendering process, from the detailed object informa-
tion" table 112.

Then, in step S3, the object group plotting means 100A
stores ‘an  initial value “0” in an index register 1 for

searching 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. Thereaftexr, in step S5, the detailed
rendering means 120 performs its processing.

A processing sequence of the detailed rendering means

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

In step S101 shown in FIG. 14, the file reading means
132 reads the detailed object £ile 130. Thereafter, the de-
tailed rendering means 120 stores “0” in an index register Jj
for searching for a polygon, thus initializing the index
register j in step Sl02.

In step S103, the vertex coordinatelcalculating means
134 calculates vertex éoordinates 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 image in the area A (see.
FIG. 4), for example, in the display area 34b of the image
memory 34 in step S104.

Then, in step S105, the detailed rendering means 120

-increments the index register ] by + 1. In step S106, the.

processing completion determining means 138 determines
whether the process has been completed with respect to all

polygons or not, based on whether or not the.value .of the.

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

polygons contained in the object.

If the process has not been completed with respect to
all polygons, then control goes back to stepf8103 to calcu-
late vertex coordinates of a next polygon and performs the
normal rendering process on the next polygon. If the proc-
ess has been completed with respect to all polygons, then

the processing seguence of the detailed rendering means 120
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1s 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.

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 according to the sim-
ple texture applying process, from the simple object infor-
mation table 114.

In step S7, the object group piotting means 100A incre-
ments the index register i by + 1. Thereafter, in step S8,
the ‘coordinate reading means 118 reads the present motion
coordinates at the ith object from the motiqn information
table 108. Thereafter, in step S9, the simple rendering
means 122 performs its processing.

A processing sequence of the simple rendering means 122
will be described below with reference to FIGS. 8 and 15.

In step S201 shown in FIG. 15, the file reading means
142 reads the simple object file 140. Thereafter, in step
5202, the vertex coordinate calculating 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-
play area 34b of the image memory 34 ;s a texture to the
polygons at an enlarged or reduced scale depending on the

display ranges of the polygons. Specifically, the texture
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applying means 146 maps the image rendered in tﬁe area A as
a texture onto the provisional object 106 which is made up
of a small number of polygons. At this time, the provision-
al image 106 is rendered in an area to be displayed of the
display area 34b of the image memory 34, while the hidden
eurface removal means 148 is performing hidden surface remo-
val on the provisional image 106.

When tﬁe proeessing in step S203 is'fihished. the prooc-

essing sequence of the simple rendering means 122 comes to

an end.

The‘simple rendering'means 122;'therefore, renders the
provisional object 106, which has been genereted'by applying
a simple texture, in a predetermined area B (e.g.., one of
the areas Bl - B15 shown in FIG. 4) in the ‘display area 34b
of the image memory.34.' | o

"Control then goes back to the main routine shown in
FIG. 13. In step S10, the object group plotting means 100A
indreﬁents the index register i by + 1. Thereeffer, in step
S11, the processing completion determining means 124 deter-
mines whether the process has been completed with respect to
all objects or not, based on whether or not the value of the
index register 1 islequal to or greater than.the'humber n of
objecte registered in the simple object information table
114. |

If the process has not been completed with fespect to
all objects, control returns to step S8 for the simple ren-

dering means 122 to render an image by applying a simple



10

15

20

25

WO 00779486 ~ PCT/IP00/03916
' - 21 -

texture. The processing in steps S8 - 511 is repeated {n —

1) times.

When the process haé been completed with respect to all
provisiona; objects‘los, control proceeds to stép S12 in
which the 1mége Qisplay processing means 126 disblays a
group of objects rendered in the display area 34b of the im-
age memory 34 on the displaf unit 16. _

In step S13, the end determining means 128 determines
whether there ié a request to end the processing of the ob-
ject group plotting means 100A or not. If there is no such
request, qontrol-goes back to step S1 to perfo:m a single
detailed rendering cycle for the displﬁy area 34b and (n —
1)_s4mp1e rendering cyélgs for the display a:ea 34b based on-
the motion coordinates of each object updated by a next ani- -
mation process. If there is a requesf to end the processing:
of the object group plotting means 100A, then the processing
of the object group plottiﬁg means 100A is_ended.

With the object group plotting means 100A according to
the first embodiment therefore, for rendering n objects in
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 im-
age rendered in the area A 6f the display area 34b is mapped
as a texture oﬁto the provisional object 106 for remaining
(g.- 1) objects, and rendered in 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 waving in‘'a breeze or an
image of sunflowers in crowds that turn with time, can ef-
fectively be reduced.

Inasmuch as the provisional object 106 is rendered by
mapping an image producediaccording-to the normal rendering
process as a texture, more complex expressions than images
rendered with prepared textures can be rendered. For exam-
ple. deformétions of objects and viewpoint transformations
can be expressed freely and smoothly.

An object group plotting means 100B according to a sec-
ond embodiment of the present invention will be described
below with reference to FIGS. 16 through 24.

The object group plotting means 100B according to the
second embodiment, for remndering n objects in the display
area 34b of the image'memory 34, performs a normal rendering
process on at least one object, renders the object image in
the non-display area 34a of the image memory 34, maps the
image rendered in the non-display area 34a as a texture onto
a provisional object 106 as n objects, and renders the ob<
ject image in the display area 34b.

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

senting a dancing human being is prepared. A normal render-

ing process is performed on the object 150 based on coordi-

nate data determined by an application program, ‘and the ob-
ject image is rendered in an area C in the non-display image
34a of the image memory 34, as shown in FIG. 17.

For storage in other areas Bl - B9 1n=thé-di§play image
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34b of the image memory 34,. a provisional object 106 com-
posed of a small number of polygomns, e.g;, two polygons P11,
P2, is prepared, as showﬁ in FIG. 5.
_ Based on coordinate data determined for each of the ar-
eas Bl - B9 according to the application program, the object
image rendered in the area C is mapped as a texture onto the
provisional object 106, which 1s then rendered in a corre-
sponding one of the areas Bl - B9.

By repeating the above process for the areas Bl - B9,
it is possible to plot a group of people dancing in synchro-
nism with each other on the display screen.

The arrangement and processing sequence of the object

group plotting means 100B accoxrding to the second embodiment

will be described below with-referenq§ to FIGS. 18 through
24. .

The object group plotting means 100B according to the.
second embodiment is of substantially the same arrangement
as the object group plotting means 100A according to the
first embodiment, but differs therefrom with respect to the
following 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 polygons that make up one object. and
renders the image in the area C (see FIG. 17), for example,
in the non-display area 34a of the image memory 34.

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

of the simple rendering means 122 maps the image rendered in
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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
means 100B accdrdihg to the second embodiment will be de-
scribed below with reference to FIGS. 20 through 22.'

The animation prbcessing means 110 successively updates
the data in the motion information table 108 in oxrder to -
move an object according to a predetermined sequence in step
S$301 shown in FIG. 20.

In step S302, the table reading means 116 reads infor-
mation of an object which is to be processed according to
the normal rendéring process, from the detailed object in-
formation table 112.

Then, in steép S303, the object group plotting means -

- 100B storés an initial value "0" in an index register i :for

éearching for an objéét, thus initializing the index regis-
ter i.

In step S304, the coordinate reading means 118 ‘reads '
the present motion coordinates at am ith object from the mo-
tion information table 108. Théreafter. in step S305, the
detailed rendering means 120 performs its processing.

A processing sequence of the detailed'renderihg means
120 will be described below with reference to FIGS. 18 and
21.

'In step S401 shown in FIG. 21, the file reading means

132 reads the detailed object file 130. Thereafter, the de-
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tailed rendering means 120 sto:es,‘Of in an index register jJj
for searching for a polygon, thus initializing thé index
register j in step S402.

- .In step 5403, the vertex coo:dinate calculating means
134 calculates vertex coordinates of a jth polygon based on
the present motion coordinates. Thereafter, tﬂe rende:ing
means 136 performs the normal rendering process, ;ncluding
texture expression and hidﬂen surface remqval. on the jth
polygon, and renders the polygon image in the area C (see
FIG. 17), for example, in the non-display area 34a of the
image memory 34 in stgp 5404.

Then, in step S405, the detailed rendering means 120
~increments the index register j by +.1. In step.s406,.;pg
processing complgtion determiniﬂg meéns 138 determines
whether the process has been completed with réspect to ﬁ;l_
.polygons or,not._based on whether or mnot the value of tpg_“;
index register j is equal.to or greater tﬁan the number M of
polygons contained in the object.

.If the process has not been Qompleted_withlrgspect to
all polygons, then control goes back to step 5403 to calcu-
late vertex_coordinates_of a_next_polygon and performs the
normal rendering process on the next polygon. _If the proc-
ess has been completed with respect to all polygons, then
the processing sequence of the detailed rendering means 120
is brought to an end.

 The detailed rendering means 120, therefore, renders

the object produced by the normal rendering process in the
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area C in the noh-display area 34a of thenimage~memory 34.

Control then goes back to the main routine shown in .
FIG. 20. In step S306, the table reading means 116 reads:
information of an object to be rendered according to the
simple texture applying process, from the simple object in-
formation table 114.

In step S307, the coordinate reading means 118 reads.
the present motion coordinates at the ith object from the
motion information table 108. Thereafter, in step S308, the
simple rendering means 122 performs'its procéséing.

A processing segquence of the simple rendering means 122
will be described below with reference to FIG. 22.

In step S501 shown in FIG. 22, the file reading means
142 reads the simple object file 140. Thereafter, in step
§502, the vertex coordinate calculating means 144 calculates
vertex coordinates of all polygons registered in the simple
object file 140 based on the present motion coordinates.

In step S503, the texture applying means 146 applies
the image rendered in the area C, for example, in the non-
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. Specifically, the texture
applying means 146 maps the image rendered in the area C as
a texture onto the provisional object 106 which 1s made up
of a small number of polygons. At this time, the provision-
al image 106 is rendered in an area to be displayed of the

display area 34b of the image memory 34, while the hidden
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surface removal means 148 is performing hidden surface remo-
val on the provislional image 106.-.

When the processing in step S503 is_finished, the proc-
essing sequence of the simple rendering means 122 comes to
an end.

The simple rendefing means 122, therefore, renders the
provisional object 106, which has been genérated by applying
a simple texture.'in a predetermined areanB (e.g., one of
the areas Bl - B9 shown in FIG. 17) in the display area 34b
6f the image memory 34.

Control then goes back to the main routine shown in
FIG. 20. In step S309, the object group plotting means 100B
increments the index register i by + 1. Thereafter, in step

S310;, the processing completion determining means 124 deter-

- mines whether the process has been completed with respect to

all provisional objects 106 or not, based on whether or not
the value of the index register i is equal to oxr greater -
than the number n of provisional objects registered in the
simple object information table 114.:

If the process has not been completed with respect to
all provisional objects 106, control returns to step 8307
for the simple rendering means 122 to remnder an image by ap-
plying a simple texture. The processing in steps S307 -
S310 is repeated n times.

When the process has been completed with respect to all
provisional objects 106, control proceeds to step S311 in

which the image display processing means 126 displays a
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group of objecté{fﬁndered in the display :area 34b of the im-
age memory 34 on the display unit 16.

In step S312, the end determining means 128 determines
whether there is a request to end the processing of the ob-
ject group plotting means 100B or not. If there is no such
request, control goes back to step S301 to perform a single
detailed rendering cycle for the non-display area 34a and n
simple réndering cycles for the display area 34b based on
the motion coordinates of each object updated by a next ani-
mation process. If there is a request to end the processing
of the object group plotting means 100B, then the processing
of the object group plotting means 100B is ended.

With the object group plotting means 100B according to-

. the second embodiment, "therefore, for rendering n objects in -

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 non-display area 34a, and the image rendered
in the non-display area 34a is mapped as a texture onto n-
provisional objects 106, and rendered in- the display area:
34b. Therefore, the cost of calculations and rendering for
expressing images that cannot be expressed by textures only,
e.g., smooth motions, dynamic motions, and interactive view-
point transformations, can effectively be-redﬁced. There-
fore, an image of a group of people dancing in synchronism
with each other or an image of many enemy robots that attack
all at once can be expressed simply at a low cost. Inasmuch

as the provisional object 106 is rendered by mapping an im-
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age produced according to the normal rendering process as a
texture, more complex expressions--than 1mgges rendered with
prepared textures can be rendered. For_exgmple, deforma-
tions of objects and viewpoint transforma;ions can-be ex-
pressed freely and smoothly.

In the first and second embodiments, since one object
is plotted as a unitary textu:e,.the'follqﬁing image proc-
essing error can be alleviated: -

If all objects are plotted in detail 'polygo:r- by polygon

according to the normal rendering procesé, then when an im-

- age of a first object 160 and a second_object 162 close to

each other is expressed, as shown in FIG. 23, polygons of.
these objects may possibly be wrongly arrqhged in their . o
layering order depending on the_calculatiqg error in the .
imaging process or the accuracy of the hiéden removal (%
buffering process etc.) or the like. -

If such a layering error occurs, then when the first
object 160 and the second object 162 are viewed by naked =~ _
eye, as shown in FIG. 24, they look as if.biting.each other
or polygon boundaries are made visible. -

With the object group plotting means_looA. 100B accord-~ -
ing to the first and second embodiments, és described above.
since one object i1s rendered with a-texture appliéd to a-
small number of polygons, the processing_pperatiqn and the
time and cost required thereby- may be redﬁced when the ob-
jects need to be determined (processed) - for accurate layer-

ing, and the first object. 160 and the second object 162 do
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With the method of and the apparatus for rendering an
image according to the present invention, as described
above, one object is processed according to the normal ren-
dering process, and other objects are simply processed by
the application of a texture. Consequently, the period of
time required to make calculations and plot many objects can
greatly be reduced, and the objects can be plotted of high
quality.

Furthermore, by using the recording medium according. to
the presént_invention, it is possible to easlly pexrform an
image rendering process which greatly reduces the period of.
time required to make calculations and plot many objects and
plots objects of high guality. '

Although certain preferred embodiments of the present

‘invention have been shown and described in detail, it should

be understood that wvarious changes and modifications may be
made therein without departing from the scope of the append-

ed claims.,
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1. A method of rendering an image, comprising the steps
of:

performing a noimal rendering process on at least 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
{P1, P2) and rendering the object in an area (34b) to be

displayed.

2. A method according to claim 1, wherein sald step of

- performing the normal rendering process comprises the step -

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

memory (34).

3. A method according to claim 2, further comprising

the steps of:

when n objects are to be rendered 1n.the_disp1ay area
(34b) of an image memory (34), performing the normal render-
ing.process on at least one of the objects to render an im-
age in said display area (34b); and

mapping the image rendered in said display area (34b)
as a texture onto the provisional object (106) for the re-
maining (n — 1) objects and rendering the object in said

display area (34Db).
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" 4. A method according to claim 1, wherein said step of

performing the normal 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 claim 4, further comprising
the steps of:

when n objects are to be rendered in a display area
(34b) of the image memory (34), performing the normal ren-
dering process on at least one of the objects to render an
image in said non-display area (34a); and

mapping the image rendered in said non-display area

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

n objects and rendering  the object in said ‘display area

(34b).

6. An apparatus for rendering an image, comprising:-
detailed rendering means (120) for performing a normal

rendering process on at ‘least one ‘object to Trendér an image:

' and

simple rendering means (122) for mapping the rendered
image as a texture onto a provisional object (106) composed
of a small number of polygons (Pl, P2) and rendering the ob-

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

7. An apparatus according to claim 6, wherein said de-

tailed rendering means (120) comprises means for rendering
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the image in a display area (34bh) of an image memory (34).

8. An apparatus according to claim 7, wherein when n
objects are to be reﬁdered in a display area (34b) of the
image memory (34), said det&iled 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 dis-

play area (34b), and said simple rendering .means (122) com-

prises means for mapping the image rendered in said display

area (34b) as a texture onto the provisional object (106)
for the remaining (n — 1) objects and rendering the object

in said display area (34b).

= 9, An- apparatus according to claim 6, wherein said de-

tailed rendering means (120) comprises means for rendering

‘the image in a non-display area (34a) of an image memory:

(34).

.-- -10. An apparatus according to claim 9, wherein when n
objects are to be rendered in a display area (34b) of the
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-image in said non-
display area (34a), and said simple rendering means (122)
comprises means for mapping the image rendered in said non-
display area (34a) as a texture onto the provisional object

(106) for the n objects and rendering the object in said
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11. A recording medium storing a program which compris-
es the steps of:

performing a detailed réndering process for performing
a normal rendering process on at least one object to render
an image:; and

performing a simple rendering process for mapping tﬁe
rendered image as a texture onto a provisional object (106)
composed of a small number of polygons (Pl, P2) an¢ render-

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

12. A recording medium according to claim 11, wherein
said step'of performing said detailed rendering process for
performing the normal rendering process comprisés the step
of rendering the image in a display area (34b) of an image’

memory (34).

13. A recording medium according to claim 12, wherein
further comprising the steps of:

when n objects are to be rendered in the display area
(34b) of an image memory (34), performing said detailed ren-
dering process for performing the normal rendering process
on at least one of the objects to render an image in said
display area (34b); and

performing said simple rendering process for mappihg'

the image rendered in said display area (34b) as a texture
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onto the provisional object (106) for the remaining (n — 1)

‘objects and rendering the object in said display area (34b).

14. A recording medium according to claim 11, wherein
said step of performing said detailed rendering process for
performing the normal rendering 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
comprising the steps of:

when n objects are to be rendered in a display area
(34b) of the image memory (34), performing said detailed
rendering process for performing the normal rendering proc-
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 said non-display area (34a) as a tex-
ture onto the provisional object (106) for the n objects and

rendering the object in said display area (34b).

16. A program cqmprising the steps of:

performing a detailed rendering process for performing
a normal rendering_procéss on at least one object to render
an image; and

performing a simple rendering process for mapping the

rendered image as a texture onto a provisional object (106)
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composed of a small number of polygons (Pl, P2) and render-

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



