
;:;<=>?e3e`sffg4klr6sT`s6.WO 00I54224 PCT/JP00/01119 - 1   Method and
apparatus for processing Images 5 Technical Field The present invention
relates to a method of and an aparatus  for processing an image to express
the shadow of an object which is created by the radiation of light from a
10 light source, cast on another object disposed therebehind, based on the
layout of a plurality of objects generated by three-dimensional modeling, a
recording medium which stores a program for performing such image
processing, and a program for performing such image processing. 15
Background Art . Recently, various computer graphics (CG) processing
techniques including hidden line processing, hidden surface removal, smooth
shading, texture mapping, etc. have been 20 making rapid progress in
combination with growing hardware advances. According to one general CG
processing procedure, a plurality of three-dimensional figures (objects)
are generated  according to three-dimensional modeling of CAD, and 25
colors and shades are applied to the generated objects. Then, optical
characteristics including mirroring, diffuse reflection, refraction,
transparency, etc. are added to the objects, and surf ace patterns are
applied to the objects. ie~~~~~iu   WO 00/54224 - 2  PCT/JP00/01119
Furthermore, surrounding situations are rendered, e.g., windows  and scenes
are reflected and light rays are introduced. Shading is governed by the
directions of lines normal to polygons that make up an object and the
viewpoint for 5 light rays. There is a process of expressing the shadow of 



an object cast on another object positioned therebehind based on the layout
of a light source and a plurality of objests. The latter process, rather
than the shading, cannot be performed by techniques other than a highly
costly ren 10 dering approach such as ray tracing. If no high cost should
be incurred such as for real time rendering, then it has heretofore been
customary to ap proximate such a shadow with perspective projection onto a
simple plane or the rendering of a simple figure such as a 15 circle. In
addition, if the light source has a certain size such as a flame, it is
extremely difficult to express shad ows produced by the light source. It is
therefore an object of the present invention to 20 provide a method of and
an apparatus for processing an image to express shadows with respect to a
plurality of objects arranged in a complex layout or a shadow with respect
to an object having a complex shape, a recording medium which stores a
program capable of simply expressing such a shadow 25 or shadows, and a
program for expressing such a shadow or shadows. Another object of the
present invention is to provide a method of and an apparatus for processing
an image so as to   WO 00/54224 PCT/JP00/01119 - 3  be able to selectively
express a shadow with respect to an object, a recording medium which stores
a program capable of selectively expressing a shadow with respect to an
object, and a program for selectively expressing a shadow with re spect to
an object. Still another object of the present invention is to provide a
method of and an apparatus for processing an image so as to be able to
easily apply various effects such as blurring in expressing a shadow with
respect to an object, a 10 recording medium which stores a program capable
of easily applying various effects in expressing a shadow with respect to
an object, and a program for easily applying various ef fects in expressing
a shadow with respect to an object. Yet another object of the present
invention is to 



15 provide a method of and an apparatus for processing an image so as to be
able to easily control shadow blurring among various effects on shadows for
easily expressing a more re alistic shadow, a recording medium which stores
a program capable of easily expressing a more realistic shadow, and a 20
program for easily expressing a more realistic shadow. Yet still another
object of the present invention is to provide a method of and an apparatus
for processing an image so as to be able to easily express a projected
image of an extended light source such as a flame and a shadow produced 25
by such an extended light source, a recording medium which stores a program
capable of easily expressing a projected image of an extended light source
such as a flame and a shadow produced by such an extended light source, and
a pro   WO 00/54224 - 4  PCT/JP00/01119 gram for easily expressing a
projected image of an extended light source such as a flame and a shadow
produced by such an extended light source. 5 Disclosure of Invention A
method of processing an image according to the pre sent invention comprises
the steps of establishing at least one virtual plane from the layout of a
plurality of objects generated by three-dimensional modeling, and
expressing a 10 shadow of the object projected onto the virtual plane by a
light source as a viewpoint, on the object that is farther from the light
source than the object. With the above method, it is possible to express
easily a shadow on a plurality of objects arranged in a complex 15 layout
or a shadow with respect to an object having a com plex shape. The method
may further comprise the steps of defining a ` shadow expression attribute
as to whether the shadow is to be expressed on the objects in light source
processing at 



20 tributes of the objects, and selectively expressing the shadow on the
object based on the shadow expression attrib ute. In this manner, the
shadow may selectively be expressed with respect to the object.
Specifically, the method may further comprise the steps 25 of establishing
a shadow plane which serves as a texture plane corresponding to the virtual
plane, rendering the shadow of the object formed by projection onto the
virtual plane on the shadow plane) and mapping the shadow rendered   WO
00/54224 PCT/JP00/01119 - 5  on the shadow plane onto the other object by
way of texture mapping. The step of mapping the shadow onto the other
object by way of texture mapping may comprise the step of mapping the 5
shadow onto the other object by way of texture mapping based on projected
coordinates of the other object onto the virtu al plane, or with respect to
each of polygons of the other object. The method may further comprise the
steps of determin ing coordinates of the objects with the light source as a
viewpoint, determining projected coordinates of the objects onto the
virtual plane successively in a direction away from the light source, and
rendering the shadow formed by the object on the shadow plane based on the
projected coordinates 15 each time texture mapping onto one of the objects
is fin ished. The method may further comprise the steps of determin ing the
coordinates of the objects and the projected coordi nates of the objects
onto the virtual plane with respect to 20 each of polygons of the objects,
registering the determined coordinates in a rendering list successively in
the direction away from the light source, and successively reading the
registered coordinates from the rendering list for rendering the shadow on
the shadow plane. 25 It is preferable to effect low-pass filtering on the
shadow rendered on the shadow plane depending on at least the distance from
the light source for thereby applying a blur to the shadow depending on at
least the distance from   WO 00I54224 



- 6  PCT/JP00/O1119 the light source. In this manner, various effects, such
as blurring, etc.) can easily be applied to a shadow expressed with respect
to an object. The method may further comprise the steps of interpo lating
the shadow rendered on the generating shadow plane when it is expressed on
the object, according to rendering depending on the shadow before it is
subject to low-pass filtering, the shadow after it is subject to low-pass
filtering, and the light source coordinates of the object to be 10
processed, for thereby controlling the blur of the shadow. Thus, blurring
can easily be controlled for easily express ing a more realistic shadow.
The method may further comprise the steps of preparing a reference shadow
plane and a generating shadow plane as 15 the shadow plane, and, each time
the objects to be processed switch from one to another, copying the shadow
rendered on the generating shadow plane onto the reference shadow plane,
and, each time the shadow on the reference shadow plane is mapped by way of
texture mapping with respect to each of 20 polygons of one object,
rendering a projected image of the polygon onto the virtual plane as a new
combined shadow on the generating shadow plane. Each time the shadow
rendered on the generating shadow plane is copied onto the reference shadow
plane, low-pass 25 filtering may be effected on the shadow rendered on the
gen erating shadow plane. In this manner, various effects, such as
blurring, etc., can easily be applied to a shadow ex pressed with respect
to an object.   WO 00/54224  PCT/JP00/O1119 The method may further comprise
the steps of preparing, in addition to the reference shadow plane and the
generating shadow plane as the shadow plane, a background shadow plane
which is a texture plane corresponding to a background vir tual plane
disposed behind the object to be processed, with 



the light source as a viewpoint, rendering a shadow formed by projecting a
shadow projected onto the virtual plane onto the background virtual plane,
on the background shadow plane, and mapping a shadow expressed on the
object to be 10 processed by way of texture mapping, while interpolating
the shadow according to rendering based on the shadow rendered on the
reference shadow plane, the shadow rendered on the background shadow plane,
and light source coordinates of the object. Thus, blurring can easily be
controlled for easily 15 expressing a more realistic shadow. The method may
further comprise the steps of establish ing an extended light source as an
initial value for the shadow plane, and reflecting the extended light
source and forming a shadow thereof on the object. 20 An apparatus for
processing an image according to the present invention comprises first
means for establishing at least one virtual plane from the layout of a
plurality of objects generated by three-dimensional modeling, and second
means for expressing a shadow of the object projected onto 25 the virtual
plane by a light source as a viewpoint, on the object that is farther from
the light source than the ob ject. The first means may comprise means for
defining a shad   WO 00I54224 PCT/JP00/01119 _ g _ ow expression attribute
as to whether the shadow is to be expressed on the objects in light source
processing attributes of the objects, and wherein the second means may
comprise means for selectively expressing the shadow on the ob ject based
on the shadow expression attribute. The second means may have rendering
means for establashing a shadow plane which serves as a texture plane
corresponding to the virtual plane, rendering the shadow of the object
formed by projection onto the virtual plane on the 10 shadow plane, and
mapping the shadow rendered on the shadow plane onto the other object by
way of texture mapping. The rendering means may comprise means for mapping
the shadow onto the other object by way of texture mapping based on
projected coordinates of the other object onto the virtu al plane, or with
respect to each of polygons of the other object. The second means may
comprise coordinate calculating means for determining coordinates of the
objects with the light source as a viewpoint, and determining projected
coor dinates of the objects onto the virtual plane successively in a
direction away from the light source, and the rendering means may comprise
means for rendering the shadow formed by the object on the shadow plane
based on the projected coordinates each time texture mapping onto one of
the objects is 25 finished. The second means may comprise rendering list
generating means for determining the coordinates of the objects and the
projected coordinates of the objects onto the virtual plane   WO 00/54224
PCT/JP00101119 _ g _ with respect to each of polygons of the objects, and
regis tering the determined coordinates in a rendering list suc cessively
in the direction away from the light source, and the rendering means may
comprise means for successively 5 reading the registered coordinates from
the rendering list 



for rendering the shadow on the shadow plane. The rendering means may
comprise means for effecting low-pass filtering on the shadow rendered on
the shadow plane depending on at least the distance from the light 10
source for thereby applying a blur to the shadow depending on at least the
distance from the light source. The render ing means may comprise means for
interpolating the shadow rendered on the generating shadow plane when it is
expressed on the object) according to rendering depending on the shad 15 ow
before it is subject to low-pass filtering, the shadow after it is subject
to low-pass filtering, and the light source coordinates of the object to be
processed, for there by controlling the blur of the shadow. The rendering
means may comprise means for preparing a 20 reference shadow plane and a
generating shadow plane as the shadow plane, and, each time the objects to
be processed switch from one to another, copying the shadow rendered on the
generating shadow plane onto the reference shadow plane, and, each time the
shadow on the reference shadow plane is 25 mapped by way of texture mapping
with respect to each of polygons of one object, rendering a projected image
of the polygon onto the virtual plane as a new combined shadow on the
generating shadow plane.   WO 00I54224 PCT/JP00/01119 - 10  The rendering
means may comprise means for, each time the shadow rendered on the
generating shadow plane is copied onto the reference shadow plane,
effecting low-pass filter ing on the shadow rendered on the generating
shadow plane. 5 The rendering means may comprise means for preparing, in
addition to the reference shadow plane and the generating shadow plane as
the shadow plane, a background shadow plane which is a texture plane
corresponding to a background virtual plane disposed behind the object to
be processed) with 10 the light source as a viewpoint, rendering a shadow
formed by projecting a shadow projected onto the virtual plane onto the
background virtual plane, on the background shadow plane, and mapping a
shadow expressed on the object to be processed by way of texture mapping,
while interpolating the 15 shadow according to rendering based on the
shadow rendered on the reference shadow plane, the shadow rendered on the
background shadow plane, and light source coordinates of the object. 



The rendering means may comprise means for establishing 20 an extended
light source as an initial value for the shadow plane, and reflecting the
extended light source and forming a shadow thereof on the object. A
recording medium according to the present invention stores a program
comprising the steps of (a) establishing at 25 least one virtual plane from
the layout of a plurality of objects generated by three-dimensional
modeling, and (b) ex pressing a shadow of the object projected onto the
virtual plane by a light source as a viewpoint, on the object that   WO
00/54224 - 11  is farther from the light source than the object.
PCT/.TP00/01119 The recording medium with the stored program makes it
possible to express easily a shadow on a plurality of ob jects arranged in
a complex layout or a shadow with respect 5 to an object having a complex
shape. The step (a) may comprises the step of defining a shad ow expression
attribute as to whether the shadow is to be expressed on the objects in
light source processing attrib utes of the objects, and the step (b) may
comprise the step 10 of selectively expressing the shadow on the object
based on the shadow expression attribute. The step (b) may comprises the
steps of (c) establish ing a shadow plane which serves as a texture plane
corre sponding to the virtual plane, rendering the shadow of the 15 object
formed by projection onto the virtual plane on the shadow plane, and
mapping the shadow rendered on the shadow plane onto the other object by
way of texture mapping. The steps (c) may further comprise the step of
mapping the shadow onto the other object by way of texture mapping 20 based
on projected coordinates of the other object onto the virtual plane, or
with respect to each of polygons of the other object. 



The step (b) may further comprise the steps of deter mining coordinates of
the objects with the light source as a 25 viewpoint) and determining
projected coordinates of the ob jects onto the virtual plane successively
in a direction away from the light source, and the steps (c) may further
comprise the step of rendering the shadow formed by the ob   WO 00/54224
PCT/JP00/01119 - 12  ject on the shadow plane based on the projected
coordinates each time texture mapping onto one of the objects is finished.
The step (b) may further comprise the steps of deters mining the
coordinates of the objects and the projected co ordinates of the objects
onto the virtual plane with respect to each of polygons of the objects, and
registering the determined coordinates in a rendering list successively in
the direction away from the light source, and the steps (c) may 10 further
comprise the step of successively reading the registered coordinates from
the rendering list for rendering the shadow on the shadow plane. The steps
(c) may further comprise the step of effecting low-pass filtering on the
shadow rendered on the shadow 15 plane depending on at least the distance
from the light source for thereby applying a blur to the shadow depending
on at least the distance from the light source. The steps (c) may further
comprise the step of interpo lating the shadow rendered on the generating
shadow plane 20 when it is expressed on the object, according to rendering
depending on the shadow before it is subject to low-pass filtering, the
shadow after it is subject to low-pass filtering, and the light source
coordinates of the object to be processed, for thereby controlling the blur
of the shadow. 25 The steps (c) may further comprise the steps of preparing
a reference shadow plane and a generating shadow plane as the shadow plane,
and, each time the objects to be processed switch from one to another,
copying the shadow   WO 00/54224 PCT/JP00/01119 - 13  rendered on the
generating shadow plane onto the reference shadow plane, and, each time the
shadow on the reference shadow plane is mapped by way of texture mapping
with re spect to each of polygons of one object) rendering a pro jected
image of the polygon onto the virtual plane as a new combined shadow on the
generating shadow plane. The steps (c) may further comprise the step of,
each time the shadow rendered on the generating shadow plane is copied onto
the reference shadow plane, effecting low-pass 10 filtering on the shadow
rendered on the generating shadow plane. The steps (c) may further comprise
the steps of prepar 



ing, in addition to the reference shadow plane and the gen erating shadow
plane as the shadow plane, a background shad 15 ow plane which is a texture
plane corresponding to a back ground virtual plane disposed behind the
object to be proc essed, with the light source as a viewpoint, rendering a
shadow formed by projecting a shadow projected onto the vir tual plane onto
the background virtual plane, on the back 20 ground shadow plane, and
mapping a shadow expressed on the object to be processed by way of texture
mapping, while in terpolating the shadow according to rendering based on
the shadow rendered on the reference shadow plane, the shadow rendered on
the background shadow plane, and light source 25 coordinates of the object.
The steps (c) may further comprise the steps of estab lashing an extended
light source as an initial value for the shadow plane, and reflecting the
extended light source and   WO 00I54224 - 14  forming a shadow thereof on
the object. PCT/JP00/01119 A program according to the present invention
comprises the steps of (a) establishing at least one virtual plane from the
layout of a plurality of objects generated by 5 three-dimensional modeling,
and (b) expressing a shadow of the object projected onto the virtual plane
by a light sour ce as a viewpoint, on the object that is farther from the
light source than the object. When the above program is executed, it is
possible to 10 express easily a shadow on a plurality of objects arranged
in a complex layout or a shadow with respect to an object having a complex
shape. The above and other objects, features, and advantages of the present
invention w111 become more apparent from the 15 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 20 FIG. 1 is a block diagram of an entertainment
apparatus according to the present invention; FIG. 2 is a diagram
illustrative of a drop shadowing process according to the present
invention; FIG. 3 is a functional block diagram of a drop shadow ing means
according to the present invention; FIG. 4 is a diagram showing details of
an object infor mation table; FIG. 5 is a diagram showing details of a
vertex data   WO 00l54224 PCT/JP00/01119 - 15  file; FIG. 6 is a diagram
showing details of a packet; FIG. 7 is a functional block diagram of a
various set ting processing means in a drop shadowing process according 5
to a first embodiment of the present invention; FIG. 8 is a functional
block diagram of a rendering list generating means in the drop shadowing
process accord ing to the first embodiment of the present invention; FIG. 9
is a functional block diagram of a rendering 10 means in the drop shadowing
process according to the first embodiment of the present invention; FIG. 10
is a diagram showing an effective area where the drop shadowing process is
effective with respect to a point light source; 15 FIG. 11 is a diagram
illustrative of perspective trans formation of an object onto a virtual
plane; FIG. 12 is a diagram showing a conceptual representa tion of the
drop shadowing process according to the first embodiment of the present
invention; 20 FIG. 13 is a flowchart of a sequence of the drop shad owing
process according to the first embodiment of the pre sent invention; FIG.
14 is a flowchart of a sequence of operation of the various setting
processing means in the drop shadowing 



25 process according to the first embodiment of the present in vention;
FIGS. 15 and 16 are a flowchart of a sequence of opera tion of the
rendering list generating means in the drop   WO 00/54224 PCT/JP00/01119 -
16  shadowing process according to the first embodiment of the present
invention; FIG. 17 is a diagram illustrative of the insertion of a packet
into a rendering list; 5 FIGS. 18 and 19 are a flowchart of a sequence of
opera tion of the rendering means in the drop shadowing process according
to the first embodiment of the present invention; FIG. 20 is a diagram
illustrative of the formation of umbra and penumbra regions on a virtual
plane by a distrib uted light source in a drop shadowing process according
to a second embodiment of the present invention; FIG. 21 is a diagram
illustrative of the manner in which a generating shadow plane is subjected
to low-pass filtering depending on the distance from a light source to 15
express the extent of a blur (penumbra) depending on the distance, in the
drop shadowing process according to the second embodiment of the present
invention; FIG. 22 is a diagram illustrative of the manner in which a
generating shadow plane is subjected to low-pass 20 filtering each time an
object is processed and a generating shadow plane is subjected to low-pass
filtering at every constant distance, in the drop shadowing process
according to the second embodiment of the present invention; FIG. 23 is a
diagram illustrative of a trilinear proc ess in a drop shadowing process
according to a third embodi ment of the present invention; FIG. 24 is a
functional block diagram of a various set ting processing means in the drop
shadowing process accord   



WO 00/54224 PCT/JP00/01119 - 17  ing to the third embodiment of the present
invention; FIG. 25 is a functional block diagram of a rendering means in
the drop shadowing process according to the third embodiment of the present
invention; 5 FIG. 26 is a flowchart of a sequence of operation of the
various setting processing means in the drop shadowing process according to
the third embodiment of the present in vention; FIGS. 27 and 28 are a
flowchart of a sequence of opera tion of the rendering means in the drop
shadowing process according to the third embodiment of the present
invention; FIG. 29 is a diagram illustrative of an expression of a shadow
whose shape and color vary gradually along the depth of a polygon in the
drop shadowing process according to the 15 third embodiment of the present
invention; and FIG. 30 is a diagram illustrative of an expression of a
projected shadow of an extended light source such as a flame and a shadow
cast: by the extended light source on an object, in a drop shadowing
process according to a fourth embodiment 20 of the present invention. Best
Mode for Carrying Out the invention Embodiments in which an image
processing method, an im age processing apparatus) a recording medium, and
a program 25 according to the present invention are applied to an enter
tainment apparatus for performing three-dimensional CG proc essing will be
described below with reference to FIGS. 1 through 30.   WO 00I54224
PCT/JP00/01119 - 18  As shown in FIG. 1) an entertainment apparatus 10 com
prises a main CPU 12 for controlling overall operation of the entertainment
apparatus 10, a main memory 14 for storing various programs and various
data, an image processor 18 for 5 generating image data under the control
of the main CPU 12 and outputting the generated image data to a display
unit 



(e. g., CRT) 16, and an input/output port 20 for sending data to and
receiving data from external devices. The main memory 14, the image
processor 18) and the in put/output port 20 are connected to the main CPU
12 by a bus 22. To the input/output port 20) there are connected, for
example, an input/output device 24 for entering data (key entry data,
coordinate data, etc.) into the entertainment apparatus 10, and an optical
disk drive 26 for playing back 15 an optical disk, such as a CD-ROM, which
stores various pro grams 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
programmable CRT controller, for ex 20 ample. The rendering engine 30
renders image data in the image memory 34 via the memory interface 32 in
response to render ing commands supplied from the main CPU 12. A first bus
38 is connected between the memory inter 25 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. The first and second buses 38, 40 each have a bus
width of 128 bits, for example, for allowing the rendering   WO 00/54224
PCT/JP00/01119 - 19  engine 30 to render image data rapidly in the image
memory 34. The rendering engine 30 is capable of rendering image data of
320 x 240 pixels according NTSC or PAL or image data 5 of 640 x 480 pixels
on a real-time basis a plurality of times, ranging from more than ten to
several tens, per 1/60 to 1/30 second. The image memory 34 is of a unified
memory structure capable of specifying a texture area 34a and a rendering
10 area 34b (see FIG. 3) in one area. The display controller 36 writes
texture data read by the optical disk drive 26 and texture data generated
in the main memory 14 into the texture area of the image memory 34 via the
memory interface 32, and reads image data rendered 15 in the rendering area
of the main memory 14 via the memory 



interface 32, and outputs the image data to the display unit 16 for display
on its display screen. The function of a characteristic feature of the
enter tainment apparatus 10, i.e., the function of a process of 20 dropping
a shadow on an object (hereinafter referred to as a "drop shadowing
process"), will be described in detail be low. According to the drop
shadowing process, as shown in FIG. 2, at least one virtual plane 50 is
established from 25 the layout of a plurality of objects Obl, Ob2 generated
by three-dimensional modeling, and a projected image 54 of the object 0b1
projected onto the virtual plane 50 by a light source 52 is expressed as a
shadow 56 on the object Ob2 that   WO 00/54224 PCT/,1P00/01119 - 20  is
farther from the light source 52 than the object Ob1. A program for
performing the drop shadowing process, i.e., a drop shadowing means 100
(see FIG. 3), is downloaded from a CD-ROM that is played back by the
optical disk drive 5 26 into the main memory 14 of the entertainment
apparatus 10. Then, the downloaded program for performing the drop
shadowing process is run on the entertainment apparatus 10. The drop
shadowing means 100 will be described below with reference to FIGS. 3
through 9. As shown in FIG. 3, 10 the drop shadowing means 100 has a
various setting process ing means 102, a rendering list generating means
104, a ren dering means 106, and an image display means 108. The various
setting processing means 102 generates an object information table 110,
makes layout settings for ob jects Obl, Ob2, , a screen, and a light source
52, and establishes at least one virtual plane 50 from the layout of the
objects Obl, Ob2, '' As shown in FIG. 4, the object information table 110
registers as many records as the number of generated ob jects. Each of the
records contains an initial address of a data file (vertex data file) of
vertex data (object coordi pates) of polygons that make up the
corresponding object, 



the number M of polygons, an initial address of a texture table that is
used, shading attribute information (such as 25 Gouraud shading), topology
information (such as mesh), a light source processing attribute, and object
layout infor mation. The light source processing attribute defines informa
WO 00/54224 - 21  tion as to whether a polygon shadow is t not (to be
displayed/not to be displayed The rendering list generating means screen
coordinate system, a light source 5 and projected coordinates on the
virtual PCT/.JP00/01119 be displayed or - 1/0). 104 determines a coordinate
system, plane 50 (coordi nates of a polygon shadow) of each of the polygons
of objects based on vertex data files 112 of the objects and the layout of
the light source 52, etc., registers the determined coordinate systems and
projected coordinates in pack ets 114, and effects Z-sorting on the packets
114 in a direction away from the light source 52, and registers the packets
114 in a rendering list 116. As shown in FIG. 5, the vertex data files 112
comprise as many files as the number of generated objects. Each of 15 the
files registers in each record object coordinates PP1jo = ( Xijo  YljO
Z'ij0 ) , PPi jl = ( Xi~l . Yi jl . Zi jl ) , PPi jy = ( Xi jz  Yljz  Z~ j2
) of a polygon of the object. As shown in FIG. 6, each of the packets 114
stores therein the number of an object (object number) to which the 20
polygon belongs, a Z-sorting pointer for use as a pointer when the packet
114 is registered in the rendering list 116, screen coordinates SPi jo = (
Xsiio  Ys~~o  Zsmo ) . SPi jl = ( Xsijl . Ysi jl ~ Zsi jl ) . $Pi j2 = (
XSijx  Ysija  Zsi jz ) of the polygon ( light source coordinates UPi jo = (
Xulio  Ymjo  Zvsjo ) . UPi jl = ( XUim . 25 YUi jl . Zuiji )  Ufijz =
(Xusiz  fvs~z  Zoijz ) Of the polygon, and projected coordinates UVijo =
(Uijo, Viio)  UVijl = (Uij~, Vim) , UViiz - (Uii2, Vsjz) of the polygon
onto the virtual plane 50. The rendering means 106 successively takes the
packets   WO 00/54224 PCTIJP00101119 - 22  114 from the rendering list 116,
and, based on the various data of the polygons registered in the packets
114, renders the polygons and performs texture mapping on polygon shadows
of the polygons . 5 The image display means 108 reads image data stored in
the rendering area 34b of the image memory 34 and outputs the read image
data to the display controller 36. As shown in FIG. 7, the various setting
processing means 102 has a table generating means 120 for generating an 10
object information table 110 based on data entered via the input/output
device 24, a layout information registering means 122 for registering
information relative to the layout of objects entered via the input/output
device 24 in the object information table 110, a coordinate setting means
124 15 for determining world coordinates of a screen, the light source 52,
and the virtual plane 50 from information relative to the layout of the
screen, the light source 52, and the virtual plane 50, and registering the
determined world coordinates in predetermined array variable areas Z1 - Z4)
20 and a light source coordinate calculating means 126 for de termining
light source coordinates of the virtual plane 50 based on the world
coordinates of the virtual plane 50, and registering the Z coordinate in a
predetermined array variable area Z5. 25 As shown in FIG. 8, the rendering
list generating means 104 comprises a rendering list initializing means 130
for initializing the rendering list 116, a table record reading means 132
for reading records of information from the object  



WO 00/54224 PCT/JP00/01119 - 23  information table 110, a file record
reading means 134 for reading records of information from the corresponding
vertex data file 112, a data storing means 136 for storing data in packets
114, a coordinate calculating means 138 for calcu lating screen
coordinates, light source coordinates, and projected coordinates onto the
virtual plane 50, of the polygons registered in the vertex data files 112,
a pointer determining means 140 for determining an insertion pointer
(Z-sorting pointer) with respect to the rendering list 116 10 based on the
light source coordinates of the polygons, a packet inserting means 142 for
inserting a packet 114 into the record corresponding to the pointer, and an
end determining means 144 for determining whether the processing on the
polygons that make up the object to be processed has a11 15 been ended or
not. As shown in FIG. 9, the rendering means 106 is arranged to use a
reference shadow plane 150 and a generating shadow plane 152 which
correspond to the virtual plane 50. The shadow planes 150) 152 are
logically assigned to the texture 20 area 34a of the image memory 34. The
rendering means l06 issues a command for operating a texture expressing
processing means 154 incorporated in the rendering engine 30. The texture
expressing processing means 154 comprises a texture mapping means 156 and a
shading means 158. The rendering means 106 has a shadow plane initializing
means 160 for writing initial data Di read from an initial data file 178
into the reference shadow plane 150 and the   WO 00/54224 PCTLIP00/01119 -
24  generating shadow plane 152 to initialize the reference shadow plane
150 and the generating shadow plane I52, a packet reading means 162 for
successively reading packets 114 from the rendering list 116) a table
record reading 5 means 164 for reading records of information from the
object information table 110, an object determining means 166 for
determining whether objects to be processed have switched from one to
another or not, a shadow plane rendering means l68 for rendering data in
the reference shadow plane 150 and 10 the generating shadow plane 152, a
polygon shadow display determining means 170 for determining whether a
polygon shadow is to be displayed or not based on light source processing
attributes registered in the object information table 110, a hidden surface
removal processing means 172 for ren dering generated polygon data (polygon
data after texture expression and drop shadowing) in the rendering area 34b
while carrying out hidden surface removal according to Zbuffering, for
example, and an end determining means 174 for determining whether the
processing on the packets 114 regis tered in the rendering list 116 has a11
been ended or not. A drop shadowing process according to a first embodiment
of the present invention, which is carried out by the drop shadowing means
100, will be described below. Prior to the description of the drop
shadowing process, the concept 25 of operation of the drop shadowing means
100 will first be described with reference to FIGS. 2, 10 through 12. FIG.
2 shows the concept of the drop shadowing process using the virtual plane
50. In FIG. 2, the virtual plane 50   WO 00/54224 - 25  PCT/JP00/O1119 is
located between the object Ob1 which casts a shadow and the object Ob2 on
which the shadow is cast. The position of the virtual plane 50 is
determined by its size and the ex tent of a space covered by the drop
shadowing process. 



5 In the first embodiment, the object Obl is projected onto the virtual
plane 50 according to perspective transformation with the light source 52
as the viewpoint, and is written as a polygon shadow on a shadow plane (the
reference shadow plane 150 and the generating shadow plane 152) which 10 is
a texture plane corresponding to the virtual plane 50. The drop shadowing
process for dropping a shadow on the object Ob2 is carried out by
performing texture mapping onto each of the polygons of the object Ob2 from
the reference shadow plane 150 that serves as a texture pattern. 15 The
texture coordinates of each of vertexes of a poly gon can be determined
according to perspective transformation with the light source 52 as the
viewpoint. Formulas of perspective transformation will be described below
with ref erence to FIG. 11. 20 In FIG. 11) if the light source 52 is a
point light source, then the perspective transformation of each of the
vertexes of the object Obl to the virtual plane 50 is repre sented by: Xa =
(xa*ScrZ)/za 25 Ya = (ya * ScrZ)/za and the texture coordinates (Ub, Vb) of
the shadow of each of the vertexes of the object Ob2 are similarly
represented according to perspective transformation by:   WO 00I54224 - 26
Ub = (xb*ScrZ)/zb Vb = ( yb * ScrZ ) / zb PCTIJP00/01119 If the light
source 52 is a parallel light source, then (Xa, Ya) - (xa, ya) 5 (Xb, Yb) -
(xb, yb) FIG. 12 shows a conceptual representation of the drop shadowing
process according to the first embodiment of the present invention.
According to the drop shadowing process shown in FIG. 12, which is applied
to each object, a polygon 10 shadow rendered on a shadow plane (the
reference shadow plane 150) is subjected to texture mapping onto an object
and rendered on a screen 176 (procedure 1), and thereafter the polygon
shadow formed on the object is rendered on the shadow plane 150 (procedure
2). The above drop shadowing 15 process is carried out by Z-sorting with
the light source 52 as the viewpoint) as indicated by the arrow A. A
sequence of the drop shadowing process according to the first embodiment of
the present invention will be de 



scribed below with reference to FIG. 13. 20 In step S1, the various setting
processing means 102 generates an object information table 110, makes
layout set tings for the object, the screen 176) and the light source 52,
and sets up at least one virtual plane 50 from the lay out of a plurality
of objects (various setting processing). 25 Then, in step S2) the rendering
list generating means 104 determines a screen coordinate system, a light
source coordinate system, and projected coordinates on the virtual plane 50
(coordinates of a polygon shadow) of each of the   W O 00/54224 _ 27 _
PCT/JP00/01119 polygons of objects based on vertex data files 1I2 of the
objects and the layout of the light source 52, etc., registers the
determined coordinate systems and projected coordinates in packets 114, and
registers the packets 114 succes sively in a direction away from the light
source 52 in a rendering list 116 (rendering list generation processing).
Thereafter) in step S3) the rendering means 106 succes sively takes the
packets 114 from the rendering list 116, and, based on the various data of
the polygons registered in the packets 1I4, renders the polygons and
performs texture mapping on polygon shadows of the polygons (rendering proc
essing). Then, in step S4, the image display means 108 reads im age data
stored in the rendering area 34b of the image mem ory 34 and outputs the
read image data via the display con trolley 36 to the display unit 16. In
this manner, as shown in FIG. 2, the shadow of the object Obl produced by
the light source 52 is cast on the object Ob2 which is positinned behind
the object Obl with respect to the light 20 source 52. After step S4) the
drop shadowing process according to the first embodiment is ended.
Sequences of operation of the various setting process ing means 102, the
rendering list generating means 104, and 25 the rendering means 106 will be
described below with refer ence to FIGS. 14 through 19. First, a sequence
of operation of the various setting processing means 102 will be described
below with reference 



WO 00/54224 - 28  to FIG. 14. PCT/,JP00/01119 In step S101 shown in FIG.
I4, the table generating means 120 of the various setting processing means
102 gener ates an object information table 110 based on data entered 5 via
the input/output device 24. As shown in FIG. 4, items of information
registered in the object information table 110 include shading attribute
information (such as Gouraud shading), topology information (such as mesh),
and a light source processing attribute, 10 among others. The light source
processing attribute defines information as to whether a polygon shadow is
to be display ed or not (to be displayed/not to be displayed = 1/0). In the
object information table 110, an initial address of a vertex data file 112,
the number of polygons) an ini tial address of a texture table that is
used, etc. are reg istered when an object is generated according to CAD. In
step S102, the layout information registering means 122 registers
information relative to the layout of objects entered via the input/output
device 24 in the object infor 20 mation table 110. In step S103, the
coordinate setting means 124 calcu lates world coordinates of the screen
176 based on informa tion relative to the layout of the screen 176, and
stores the calculated world coordinates in a predetermined array 25
variable area Z1. In step S104, the coordinate setting means 124 calcu
lates world coordinates of the light source 52 based on in formation
relative to the layout of the light source 52, and   WO 00/54224
PCT/JP00/01119 - 29  stores the calculated world coordinates in a
predetermined array variable area Z2. The coordinate setting means 124 also
stores the type of the light source 52 entered via the input/output device
24 in a predetermined array variable 



5 area Z3. In step S105, the coordinate setting means 124 sets up the
layout of the virtual plane 50 based on the position of the light source 52
stored in the array variable area Z2 and the layout information of objects
registered in the object 10 information table 110, calculates world
coordinates of the virtual plane 50, and stores the calculated world
coordinates in a predetermined array variable area Z4. In step S106, the
light source coordinate calculating means 126 calculates light source
coordinates of the virtual 15 plane 50 based on the world coordinates of
the virtual plane 50 stored in the array variable area Z4 and the position
of the light source 52, and stores the Z coordinate of the calculated world
coordinates in a predetermined array variable area Z5. 20 After step S105,
the sequence of operation of the various setting processing means 102 is
ended. A sequence of operation of the rendering list generat ing means 104
will be described below with reference to FIGS. 15 and 16. 25 In step S201
shown in FIG. 15, the rendering list initializing means 130 initializes the
rendering list 116. Then, in step S202, the rendering list generating means
104 stores an initial value "0" in an index register i used   WO 00/54224 -
30  PCT/JP00/01119 to search for an object, thereby initializing the index
reg aster i. In step S203, the table record reading means 132 reads a
record (i record) indicated by the index register i from 5 the object
information table 110. In step S204, the rendering list generating means
104 stores an initial value "0" in an index register j used to search for a
polygon, thereby initializing the index regis ter j. 10 In step S205, the
data storing means 136 stores an ini tial value in a packet 114, thereby
initializing the packet 114. In step S206, the data storing means 136
stores an ob ject number i (the value of the index register i) in the 15
packet 114. In step S207, the file record reading means 134 reads a record
(j record) indicated by the index register j from the corresponding vertex
data file 112, i.e., reads vertex data of a jth polygon. The corresponding
vertex data file 112 is 20 a vertex data file corresponding to the initial
address of the vertex data file 112 that is registered in the i record read
from the object information table 110. 



In step S208, the coordinate calculating means 138 de termines screen
coordinates SPijo = ( Xssjo . Ysmo ~ Zs~jo ) . SP1 jl 25 (Xsi~l  Ysy  Zsiji
)  SPijz = (Xsij2. Ysijz  Zsijz ) of the vertexes of the jth polygon based
on the layout information of the ob jest registered in the i record in the
object information table 110, the world coordinates of the screen 176 regis
WO 00/54224 PCT/JP00/01119 - 31  tered in the array variable area Z1, and
the vertex data of the jth polygon, and the data storing means 136 stores
the determined screen coordinates in the packet 114. In step S209, the
coordinate calculating means 138 de5 termines light source coordinates
UPijo = ( Xvijo  Yu~jo  Zu~jo ) . UP1 jl = ( Xuiil , YUiil , Zuim ) , UPijZ
= ( XuiiZ , Yvijz , Zuiiz ) of the vertexes of the jth polygon based on the
layout information of the object, the world coordinates of the light source
52 registered in the array variable area Z2, and the vertex da 10 to of the
jth polygon, and the data storing means 136 stores the determined light
source coordinates in the packet 114. In step S210, the coordinate
calculating means 138 determines pro jected coordinates Wi jo = ( Ui jo (
Viio ) , Wijl = ( Uijl, Viyl )  Wiiz = ( Us jz  Vijz ) of the vertexes of
the j th polygon 15 based on the layout information of the object, the Z
coordi nate (light source coordinate) of the virtual plane 50 registered in
the array variable area Z5, and the vertex data of the jth polygon) and the
data storing means 136 stores the determined projected coordinates in the
packet 114. 20 In step S211, the pointer determining means 140 selects the
Z coordinate which is closest to the light source, of those Z coordinates
of the light source coordinates UP~jo = (Xuijo  Yusjo  Zuijo )  UPiji =
(Xuyl ~ Yuiji ~ ZuIW ) . UPi~z = (Xuijz) Yuij2, Zulj2) of the vertexes that
have been determined in step S209, 25 and uses the selected Z coordinate as
a Z-sorting pointer for the jth polygon. In step S212 shown in FIG. 16, the
packet inserting means 142 searches the rendering list 116, and inserts the
WO 00/54224 PCT/JP00/01119 - 32  present packet 114 into the rendering list
116 such that the packets 114 are arranged therein according to an
increasing pattern of Z coordinates (Z-sorting pointers), as shown in FIG.
17. 5 In step S213, the end determining means 144 increments the value of
the index register j by "+ 1". In step S214, the end determining means 144
determines whether the processing on a11 the polygons that make up the ith
object has been ended or not, by determining whether or not the value 10 of
the index register j is equal to or greater than the number M of polygons
registered in the i record in the object information table 110. If the
processing on a11 the polygons that make up the ith object has not been
ended, then control goes back to 15 step S205 shown in FIG. 15 to calculate
the various coordinates relative to a next polygon, store the calculated
coordinates in a packet 114, and insert the packet 114 in the rendering
list 116. If the processing on a11 the polygons that make up the 20 ith
object has been ended in step S214, then control pro ceeds to step S215 in
which the end determining means 144 increments the value of the index
register i by "+ 1". In step S216, the end determining means 144 determines
whether the processing on all the objects has been ended or not, by 25
determining whether or not the value of the index register i is equal to or
greater than the number N of records registered in the object information
table 110. If the processing on a11 the objects has not been 



WO 00/54224 - 33  PCT/JP00/O11 I 9 ended, then control goes back to step
S203 shown in FIG. 15 to calculate the various coordinates relative to a11
polygons of a next polygon, store the calculated coordinates in respective
packets 114, and insert the packets 114 in the 5 rendering list 116
according to an increasing pattern of Z sorting pointers. If the processing
on a11 the objects has been ended in step 5216, then the sequence of
operation of the rendering list generating means 104 is brought to an end.
10 An sequence of operation of the rendering means 106 will be described
below with reference to FIGS. 18 and 19. In step S301 shown in FIG. 18, the
shadow plane ini tializing means 160 reads initial data Di from the initial
data file 178) and renders the initial data Di in the shadow 15 plane that
is used (the reference shadow plane 150 and the generating shadow plane
152) to initialize the reference shadow plane 150 and the generating shadow
plane 152. In step S302, the rendering means 106 stores an initial value
"FF" in a register R which is used to save the object 20 number i, and an
initial value "0" in an index register k which is used to search the
packets 114, for thereby ini tializing the register R and the index
register k. In step S303, the packet reading means 162 reads a packet 1l4
at a point (kth) indicated by the index register 25 k from the rendering
list I16. In step S304, the packet reading means 162 reads the object
number i from the read packet 114. In step S305, the object determining
means 166 deter   WO 00I54224 - 34  PCT/JP00/01119 mines whether the
present object number i is the same as the previous object number or not)
by determining whether the value of the index register i is the same as the
value of the register R or not. 5 If the present object number i is
different from the 



previous object number, then control proceeds to step S306 in which the
table record reading means 164 reads the i re cord from the object
information table 110. In step S307, the shadow plane rendering means 168
co 10 pies texture data (or the initial data Di) relative to a polygon
shadow rendered in the generating shadow plane 152 onto the reference
shadow plane 150. In step S308, the object determining means 166 stores the
object number i in the register R. 15 After the processing in step S308 is
finished or if the present object number i is the same as the previous
object number in step S305, control goes to step S309 shown in FIG. 19 in
which the texture expressing processing means 154 performs a normal texture
expressing process. Specifically, 20 the texture expressing processing
means 154 performs a tex ture expressing process such as shading, texture
mapping, etc, based on the screen coordinates of the present polygon and
the initial address of a texture table 180. In step S310, the polygon
shadow display determining 25 means 170 determines whether a polygon shadow
can be dis played on the object or not based on a polygon shadow dis play
attribute of the light source processing attributes registered in the
corresponding record in the object infor   WO 00/54224 - 35  mation table
110. PCT/JP00/01119 If a polygon shadow can be displayed, then control goes
to step S311 in which the texture mapping means 156 of the texture
expressing processing means 154 maps the polygon 5 shadow rendered in the
reference shadow plane 150 onto the polygon to be processed by way of
texture mapping, while referring to the pro jected coordinates UV1 jo = (
Ui jo . Vi jo ) , Wijl = ( Ui jl  V1J1 )  Wij2 = ( Ulj2 , Vl]2 ) of the
polygon to be processed onto the virtual plane 50. If only the initial 10
data is rendered in the reference shadow plane 150, then the initial data
Di is mapped by way of texture mapping. After the processing in step S311
is finished or if the a polygon shadow cannot be displayed in step S310,
then con 



trol goes to step S312 in which the shadow plane rendering 15 means 168
renders the polygon shadow of the present polygon in combination with the
previous polygon shadow on the gen erating shadow plane 152, based on the
projected coordinates of the present polygon onto the virtual plane 50, and
paints the combined shadow with black (R, G, B, a) - (0, 0, 0, 20 100 In
step S313, the hidden surface removal processing means 172 writes the data
of the present polygon in the ren dering area 34b while carrying out hidden
surface removal according to Z-buffering, based on the screen coordinates
of 25 the present polygon. In step S314, the rendering means 106 increments
the value of the index register k by "+ 1". Then, in step S315, the end
determining means 174 determines whether the proc   WO 00/54224
PCT/JP00/01119 - 36  essing on all the packets 114 has been ended or not.
If the processing on a11 the packets 114 has not been ended, then control
goes back to step S303 to perform the normal texture expressing process,
the texture mapping of the polygon 5 shadow, and the hidden surface removal
with respect to the polygon registered in a next packet 114. If the
processing on a11 the packets 114 registered in the rendering list 116 has
been ended in step S315, then the sequence of operation of the rendering
means 106 comes to an 10 end. The processing in steps S303 - S313 is
repeated to offer the following advantages: With respect to the polygons of
the object Obl that is positioned mostly closely to the light source 52,
only the initial data Di is written on the 15 reference shadow plane 150.
If the initial data Di represents transparency, then no polygon shadow is
rendered on the polygons of the object Obl. On the polygons of the object
Ob2 that is the second object from the light source 52, there is rendered a
polygon 20 shadow of a11 the polygon shadows of the first object 0b1 from
the light source, which is present in the range represented by the
projected coordinates of the polygon of the object Obl. When the processing
on the second object 0b2 is finished, the polygon shadow of the first
object Ob1 is ren dered on the second object Ob2. Similarly, on an object
Ob3 that is the third object from the light source 52, there is rendered a
combination of the polygon shadow of the first object Obl and the polygon
WO 00/54224 - 37  shadow of the second object Ob2. PCT/JP00/01119 In the
drop shadowing process according to the first embodiment, as described
above) one virtual plane 50 is es tablished from the layout of a plurality
of objects generat ed by three-dimensional modeling, and a polygon shadow
of 



one of the objects which is formed by projection onto the virtual plane by
a light source as a viewpoint is expressed as on another one of the object
that is farther from the light source 52 than the object. 10 Specifically,
a reference shadow plane 150 and a gen erating shadow plane 152 which are
texture planes corresponding to the virtual plane 50 are set up, the shadow
of an object which is formed by projection onto the virtual plane 50 is
rendered on the reference shadow plane 150 via 15 the generating shadow
plane 152, and the shadow rendered on the reference shadow plane 150 is
mapped onto a next object by way of texture mapping. In this manner, it is
easy to express shadows can with respect to a plurality of objects arranged
in a complex lay 20 out or a shadow with respect to an object having a
complex shape. In this embodiment, since a shadow expression attribute as
to whether a polygon shadow is to be expressed on an ob ject or not is
deffined in the light source processing at 25 tribute in each record in the
object information table 110, the process of expressing a polygon shadow on
an object can selectively be performed. Therefore, the facial expression of
a principal character in a game, for example, may be pre   WO 00/54224 - 38
PCT/JP00/Ol 119 vented from being hidden by the shadow of another object. A
drop shadowing process according to a second embodi ment of the present
invention will be described below with reference to FIGS. 9, 20 through 22.
5 The drop shadowing process according to the second em bodiment is
essentially the same as the drop shadowing process according to the first
embodiment except that the rendering means in the drop shadowing process
has a bilinear processing means 190 for blurring a polygon shadow depending
10 on the distance from the light source 52, as indicated in parentheses in
FIG. 9. As shown in FIG. 20, if the light source 52 is not a point light
source, but an extended light source, then when the virtual plane 50 is
located in a position close to the 15 object Obl, the object Obl casts an
umbra Ss on the virtual 



plane 50. When the virtual plane 50 is located in a position far from the
object Obl, the object Obl casts the umbra Ss and also a penumbra Sd, which
is a blurred shadow that surrounds 20 the umbra Ss) on the virtual plane
50. The degree of a blur of the penumbra Sd increases depending on the
distance from the light source 52 to the virtual plane 50. The drop
shadowing process according to the second em bodiment is arranged to
realize the characteristics of the 25 penumbra Sd. Specifically, as shown
in FIG. 18, after the shadow plane rendering means 168 has copied texture
data relative to a polygon shadow rendered in the generating shadow plane
WO 00/54224 PCT/JP00/01119 - 39  152 onto the reference shadow plane 150 in
step S307, the bilinear processing means 190 effects low-pass filtering on
the texture data relative to the polygon shadow rendered in the generating
shadow plane 152 in step S320 indicated in 5 parentheses in FIG. 18. FIG.
21 shows the manner in which the texture data relative to the polygon
shadow rendered in the generating shadow plane 152 is subjected to low-pass
filtering depending on the distance from the light source 52 to express the
10 degree of a blur (penumbra) depending on the distance. A review of FIG.
21 indicates that the projected shadow is clearer at a distance close to
the light source 52 and more blurred at a distance far from the light
source 52. According to the second embodiment, if the present object number
i 15 is different from the previous object number in step S305 shown in
FIG. 5, then the texture data relative to the polygon shadow rendered in
the generating shadow plane 152 is subjected to low-pass filtering in step
S320. In this manner, as shown in FIG. 22, when the object 20 Obl is
processed at only) of the object plane 152, and when P3) the polygon sha~
0b1 and the polygon 25 are rendered on the a stage P1, the polygon shadow
(umbra Obl is rendered on the generating shadow the object Ob2 is processed
at a stage Sow (umbra and penumbra) of the object shadow (umbra only) of
the object 0b2 generating shadow plane 152. Farther from the light source
52 and each time objects are changed, the polygon shadow rendered on the
generating shadow plane 152 is gradually blurred depending on the dis   WO
00l54224 PCT/JP00/01119 - 40  tance from the light source 52. The polygon
shadow rendered on the generating shadow plane 152 may be subject to
low-pass filtering each time a certain distance is reached while monitoring
the light sour ce coordinates. In FIG. 22, the polygon shadow rendered on
the generating shadow plane 152 is subject to low-pass fil tering at stages
or points P1, P2, P3. 



In the drop shadowing process according to the second embodiment, inasmuch
as the polygon shadow rendered on the 10 generating shadow plane 152 is
subject to low-pass filtering depending on the distance from the light
source 52, the polygon shadow is blurred depending on the distance from the
light source 52 and hence is expressed in a realistic man ner. 15 A drop
shadowing process according to a third embodi ment of the present invention
will be described below with reference to FIGS. 23 through 29. In the drop
shadowing process according to the third embodiment, when a polygon shadow
rendered on the generating 20 shadow plane 152 is expressed on an object
via the reference shadow plane 150, it is interpolated according to
rendering (in a narrow sense) depending on the polygon shadow before it is
subject to low-pass filtering, the polygon shadow after it is subject to
low-pass filtering, and the light sour 25 ce coordinates of the object to
be processed, for thereby controlling the blur of the polygon shadow. As
shown in FIG. 23, the polygon shadow is rendered us ing two shadow planes)
i.e., the reference shadow plane 150   W O 00/54224 - 41  and a background
shadow plane 192. PCT/JP00/01119 The reference shadow plane 150 and the
background shad ow plane 192 are shadow planes on which the polygon shadow
is subject to low-pass filtering at different times. The 5 polygon shadow
is rendered by a trilinear texture mapping process which effects
interpolation between the two shadow planes 150, 192 depending on the Z
coordinate of the light source coordinates. As a result, the blur of the
shadow de pending on the distance from the light source 52 to the ob ject
can be controlled within the polygon for better shadow approximation. An
arrangement for carrying out the drop shadowing process according to the
third embodiment and operation of the drop shadowing process will be
described below. 



15 The drop shadowing process according to the third em bodiment is
essentially the same as the drop shadowing process according to the first
embodiment except that the various setting processing means 102 and the
rendering means 106 have partly different functions. 20 Specifically, as
shown in FIG. 24, the various setting processing means 102 has the table
generating means 120, the layout information registering means 122, the
coordinate setting means 124, and the light source coordinate calculat ing
means 126 which has different functions from those de 25 scribed above. The
light source coordinate calculating means 126 de termines light source
coordinates of the virtual plane 50 based on the world coordinates of the
virtual plane 50, and   WO 00/54224 PCT/JP00/01119 - 42  registers the Z
coordinate in a predetermined array variable area Z5. The light source
coordinate calculating means 126 also determines light source coordinates
of 1st - nth background virtual planes that are virtually disposed behind
re spective objects based on the layout information of the objects, and
registers Z-coordinates of the determined light source coordinates in
respective predetermined array variable areas Z11 - Zln. As shown in FIG.
25, the rendering means 106 is ar ranged to use, in addition to the
reference shadow plane 150 and the generating shadow plane 152, one
background shadow plane 192 logically assigned to the texture area 34a of
the image memory 34 in association with the 1st - nth background virtual
planes. 15 The rendering means 106 has the shadow plane initializ ing means
160, the packet reading means 162, the table re cord reading means 164, the
object determining means 166, the shadow plane rendering means 168, the
polygon shadow display determining means 170, the hidden surface removal 20
processing means 172) and the end determining means 174. The shadow plane
initializing means 160, the shadow plane rendering means 168, and the
bilinear processing means 190 have different functions from those described
above. The shadow plane initializing means 160 writes initial 25 data Di
into the background shadow plane 192, as well as the reference shadow plane
150 and the generating shadow plane I52, to initialize these shadow planes
150, 152, 192. The shadow plane rendering means 168 renders, on the   WO
00l54224 PCT/JP00/01119 - 43  background shadow plane 192, a polygon shadow
formed when a polygon shadow projected onto the virtual plane 50 (a polygon
shadow rendered on the reference shadow plane 150) is projected onto either
one of the 1st - nth background virtu al planes virtually disposed behind
the object, based on the distance from the light source 52 to the virtual
plane 50 (the Z coordinate of the virtual plane 50) and the distance from
the light source 52 to the corresponding background virtual plane (the Z
coordinate of either one of the 1st  10 nth background virtual planes). The
bilinear processing means 190 effects low-pass filtering on the polygon
shadow rendered on the background shadow plane 192, as well as the polygon
shadow rendered on the generating shadow plane 152. 



15 Operation of the drop shadowing process according to the third
embodiment will be described below with reference to FIGS. 26 through 28.
In steps S401 - S404 shown in FIG. 26, the various setting processing means
102 generates an object information 20 table 110, registers information
relative to the layout of objects in the object information table 110,
registers the world coordinates of the screen 176, and registers the type
of the light source 52 and the world coordinates of the light source 52, as
with steps S101 - S104 carried out by 25 the various setting processing
means 102 in the drop shadowing process according to the first embodiment.
In step S405, the coordinate setting means 124 sets up the layout of the
virtual plane 50 and the 1st - nth back   WO 00/54224 PCTlJP00/01119 - 44
ground virtual planes based on the position of the light source 52 stored
in the array variable area Z2 and the layout information of objects
registered in the object information table 110, calculates world
coordinates of the virtual 5 plane 50 and the 1st - nth background virtual
planes, and stores the calculated world coordinates in predetermined array
variable areas Z4) Z11 - Zln. In step S406, the light source coordinate
calculating means 126 calculates light source coordinates of the virtual 10
plane 50 and the 1st - nth background virtual planes based on the world
coordinates of the light source 52 and the virtual plane 50 stored in the
array variable areas Z2, Z4, and stores the Z coordinates of the calculated
world coordinates in predetermined array variable areas Z5, Z21 - Z2n. 15
The rendering list generating means 104 performs the same processing as
with the drop shadowing process according to the first embodiment.
Therefore, the processing performed by the rendering list generating means
104 will not be described below. 20 Then, in step S501 shown in FIG. 27,
the shadow plane initializing means 160 of the rendering means 106 reads
initial data Di from the initial data file 178, and renders the initial
data Di in the shadow plane that is used (the reference shadow plane Z50,
the generating shadow plane 152, and 25 the background shadow plane 192) to
initialize these shadow planes 150, 152, 192. In step S502, the rendering
means 106 stores an initial value "FF" in a register R which is used to
save the object   WO 00I54224 PCT/JP00/01119 - 45  number i, an initial
value "0" in an index register k which is used to search the packets 114,
and an initial value "0" in an index register n which is used to search the
background virtual planes, for thereby initializing the register 5 R and
the index registers k, n. In step S503) the packet reading means 162 reads
a packet 114 at a point (kth} indicated by the index register k from the
rendering list 116. In step S504, the packet reading means 162 reads the
object number i from the read 10 packet 114. In step S505, the object
determining means 166 deter mines whether the present object number i is
the same as the previous object number or not, by determining whether the
value of the index register i is the same as the value of 15 the register R
or not. If the present object number i is different from the previous
object number, then control proceeds to step S506 in which the table record
reading means 164 reads the i re 



cord from the object information table 110. 20 In step S507, the shadow
plane rendering means 168 co pies texture data relative to a polygon shadow
rendered in the generating shadow plane 152 onto the reference shadow plane
150. In step S508, the bilinear processing means 190 effects 25 low-pass
filtering on the texture data relative to the poly gon shadow rendered in
the generating shadow plane 152. In step S509, the object determining means
166 stores the object number i in the register R. Thereafter, the ren   WO
00/54224 PCT/JP00/01119 - 46  dering means 106 increments the value of the
index register n by "+ 1". After the processing in step S510 is finished or
if the present object number i is the same as the previous object 5 number
in step S505, control goes to step S511 shown in FIG. 28 in which the
texture expressing processing means 154 performs a normal texture
expressing process. Specifically, the texture expressing processing means
154 performs a texture expressing process such as shading, texture mapping,
10 etc. based on the screen coordinates of the present polygon and the
initial address of a texture table 180. In step S512, the polygon shadow
display determining means 170 determines whether a polygon shadow can be
dis played on the object or not based on a polygon shadow dis 15 play
attribute of the light source processing attributes registered in the
corresponding record in the object infor mation table 110. If a polygon
shadow can be displayed, then control goes to step S513 in which the
polygon shadow display determining 20 means 170 determines whether the
polygon shadow is displayed for the first time or not, based on whether the
object num ber i is "0" or not. If not for the first time, then control
goes to step S514 in which the shadow plane rendering means 168 renders, 25
on the background shadow plane I92, a polygon shadow formed when a polygon
shadow projected onto the virtual plane 50 (a 



polygon shadow rendered on the reference shadow plane 150) is projected
onto the nth background virtual plane virtually   WO 00I54224 - 47
PCT/JP00/01119 disposed behind the object, based on the Z coordinate of the
virtual plane 50 and the Z coordinate of the nth background virtual planes.
In step S515, the bilinear processing means 190 effects 5 low-pass
filtering on the polygon shadow rendered on the background shadow plane
192, thereby blurring the polygon shadow depending on the distance from the
light source 52. In step S516, the texture mapping means 156 of the tex
ture expressing processing means 154 carries out interpola tion according
to rendering based on the polygon shadow ren dered on the reference shadow
plane 150, the polygon shadow rendered on the background shadow plane 192,
and the light source coordinates of the vertexes of the polygon, and maps
the polygon shadow projected onto the polygon by way of tex ture mapping.
At this time, as shown in FIG. 29, texture mapping is carried out such that
the shape of the polygon shadow gradu ally changes, along the depth of a
polygon 200, from the shape of a polygon shadow 204 rendered on the
reference 20 shadow plane 150 to the shape of a polygon shadow 206 ren
dered on the nth background shadow plane 202n, and the color of the shadow
on the polygon 200 gradually changes, along the depth of the polygon 200,
from the color of the polygon shadow 204 rendered on the reference shadow
plane 150 to the 25 color of the polygon shadow 206 rendered on the nth
back ground shadow plane 202n. If for the first time in step S513, then
control goes to step S517 in which the texture mapping means 156 maps the
WO 00/54224 PCT/JP00/01 I19 - 48  polygon shadow rendered on the reference
shadow plane 150 onto the polygon to be processed, by way of texture
mapping, while referring to the projected coordinates of the polygon onto
the virtual plane 50. 5 After the processing in step S516 or step S517 or
if a 



polygon shadow cannot be displayed, then control goes to step S518 in which
the shadow plane rendering means 168 renders the polygon shadow of the
present polygon in combination with the previous polygon shadow on the
generating 10 shadow plane 152, based on the projected coordinates of the
present polygon onto the virtual plane 50, and paints the combined shadow
with black (R, G, B, a) - (0) 0, 0, 100 In step S519, the hidden surface
removal processing means 172 writes the data of the present polygon in the
ren dering area 34b while carrying out hidden surface removal according to
Z-buffering, based on the screen coordinates of the present polygon. In
step S520, the rendering means 106 increments the value of the index
register k by "+ 1". Then, in step S521, 20 the end determining means 174
determines whether the proc essing on a11 the packets 114 has been ended or
not. If the processing on a11 the packets 114 has not been ended, then
control goes back to step S503 to perform the normal texture expressing
process, the texture mapping of the polygon 25 shadow, and the hidden
surface removal with respect to the polygon registered in a next packet
114. If the processing on all the packets 114 registered in the rendering
list 116 has been ended in step S521, then the   WO 00/54224 PCT/JP00/01119
- 49  sequence of operation of the rendering means 106 comes to an end. The
processing in steps S503 - S519 is repeated to of fer the following
advantages: With respect to the polygons 5 of the object 0b1 that is
positioned mostly closely to the light source 52, only the initial data Di
is written on the reference shadow plane 150. If the initial data Di
represents transparency, then no polygon shadow is rendered on the polygons
of the object Obl. 10 On the polygons of the object Ob2 that is the second
object from the light source 52, there is rendered a polygon shadow of a11
the polygon shadows of the first object Obl from the light source, which is
present in the range represented by the projected coordinates of the
polygon of the 15 object Obl. When the processing on the second object Ob2
is finished, the polygon shadow of the first object Obl is ren dered on the
second object Ob2. At this time, the color of the polygon shadow projected
onto the object Ob2 is expressed as gradually changing along the depth of
the object 20 0b2 by the rendering (trilinear processing) in step S516.
Similarly, on an object Ob3 that is the third object from the light source
52, there is rendered a combination of the polygon shadow of the first
object Obl and the polygon shadow of the second object Ob2. The color of
the polygon 25 shadow is also expressed as gradually changing along the
depth of the object Ob3. 



In the drop shadowing process according to the third embodiment, as
described above, when a polygon shadow ren   WO 00/54224 PCT/JP00/01119 -
50  dered on the generating shadow plane 152 is expressed on an object, the
polygon shadow before it is subject to low-pass filtering and the polygon
shadow after it is subject to lowpass filtering are interpolated according
to rendering de 5 pending on the light source coordinates of the object to
be processed, for thereby controlling the blur of the polygon shadow.
Therefore, the polygon shadow can easily be ex pressed in a more realistic
manner. A drop shadowing process according to a fourth embodi ment of the
present invention will be described below with reference to FIG. 30. In the
drop shadowing process according to the fourth embodiment, as shown in FIG.
30, an extended light source 210 such as a flame is expressed on objects
Obl, Ob2, Ob3. 15 Such an expression is realized by projecting, in advance,
the extended light source 210 onto the virtual plane 50. Specifically, a
projected image 212 of the extended light source 210 may be preset as the
initial data Di which is used by the rendering means 106 according to the
first 20 and second embodiments shown in FIG. 9 or the rendering means 106
according to the third embodiment shown in FIG. 25. In the rendering means
106 in the drop shadowing proc ess according to the third embodiment, for
example) the 25 shadow plane initializing means 160 renders the initial
data Di on the reference shadow plane 150, the generating shadow plane 152,
and the background shadow plane 192 in step S501 shown in FIG. 27, and then
paints the polygon shadow on the   WO 00/54224 PCTIJP00/0i 119 - 51  object
with black, thus modulating the extended light source 210 as light, in
steps S503 - S519. The polygon shadow and the extended light source 210 are
subject to low-pass filtering depending on the distance from the extended
light 5 source 210 in step S515. 



In an initial stage P0, only the projected image 212 of the extended light
source 210 is rendered on the generating shadow plane 152. When the
processing of the object Obl is finished at a stage P1, a projected image
212a of the ex 10 tended light source 210 which has been subjected to
low-pass filtering and an umbra 214 of the object Obl are rendered on the
generating shadow plane 152. When the processing of the object Ob2 is
finished at a stage P2, a projected image 212b of the extended light source
210 which has been subjected to 15 low-pass filtering twice, a shadow 214a
of the object Obl which has been subjected to low-pass filtering once, and
an umbra 216 of the object 0b2 are rendered on the generating shadow plane
152. Modulating the extended light source 210 as light sig nifies
multiplying the polygon color after light source calculations based on the
tilt of an ordinary normal line and texture mapping, by the extended color
rendered on the reference shadow plane 150. In the drop shadowing process
according to the fourth 25 embodiment, since the projected image 212 of the
extended light source 210, such as a flame, is preset as the initial data
Di for the shadow planes 150, 152, 192, and the extended light source 210
is reflected and shadows are cast on an   WO 00/54224 - 52  PCT/JP00/01119
object, the projected image of the extended light source 210 and shadows
produced by the extended light source 210 can easily be expressed. In the
above embodiments, the hidden surface removal is 5 carried out by
Z-buffering. However, the hidden surface re moval may be carried out by
Z-sorting based on a screen co ordinate system. The image processing
method, the image processing appa ratus, the recording medium, and the
program according to 10 the present invention offer the following
advantages: (1) It is possible to express easily shadows with re spect to a
plurality of objects arranged in a complex layout or a shadow with respect
to an object having a complex shape. 15 (2) The expression of a shadow with
respect to an ob ject can selectively be performed. (3) Various effects,
such as blurring, etc., can easily be applied to a shadow expressed with
respect to an object. (4) Of various effects on shadows, blurring can
easily 20 be controlled for easily expressing a more realistic shadow. (5)
A projected image of an extended light source such as a f lame and a shadow
produced by the extended light sour ce can easily be expressed. Although
certain preferred embodiments of the present 



25 invention have been shown and described in detail, it should be
understood that various changes and modifications may be made therein
without departing from the scope of the append ed claims.   WO 00/54224
PCT/JP00/01119 - 53  CLAIMS 1. A method of processing an image, comprising
the steps of 5 establishing at least one virtual plane (50) from the layout
of a plurality of objects (Obl) Ob2) generated by three-dimensional
modeling; and expressing a shadow (56) of the object (Ob1) projected onto
said virtual plane (50) by a light source (52) as a 10 viewpoint, on the
object (Ob2) that is farther from the light source (52) than the object
(Obl). 2. A method according to claim 1, further comprising the steps of 15
defining a shadow expression attribute as to whether the shadow (56) is to
be expressed on the objects (Obl, Ob2) in light source processing
attributes of the objects (Obl, Ob2); and selectively expressing the shadow
(56) on the object 20 (Ob2) based on said shadow expression attribute. 3. A
method according to claim 1 or 2, further compris ing the steps of:
establishing a shadow plane (150) which serves as a 25 texture plane
corresponding to said virtual plane (50); rendering the shadow (56) of said
object (Obl) formed by projection onto said virtual plane (50) on said
shadow plane ( .L50) ; and   WO 00I54224 PCT/JP00/01119 - 54  mapping the
shadow (56) rendered on said shadow plane (150) onto said other object
(Ob2) by way of texture map ping. 



5 4. A method according to claim 3) wherein said step of mapping the shadow
(56) onto said other object (Ob2) by way of texture mapping comprises the
step of mapping the shadow (56) onto said other object (Ob2) by way of
texture mapping based on projected coordinates of said other object (Ob2)
10 onto said virtual plane (50). 5. A method according to claim 3 or 4,
wherein said step of mapping the shadow (56) onto said other object (Ob2)
by way of texture mapping comprises the step of mapping the 15 shadow (56)
onto said other object (Ob2) by way of texture mapping with respect to each
of polygons of said other ob ject (Ob2). 6. A method according to any one
of claims 3 to 5, 20 further comprising the steps of: determining
coordinates of said objects (Obl, Ob2) with said light source (52) as a
viewpoint; determining projected coordinates of said objects (Obl, Ob2)
onto the virtual plane (50) successively in a direction 25 away from said
light source (52); and rendering the shadow (56) formed by the object (Obl)
on said shadow plane (150) based on said projected coordinates each time
texture mapping onto one of the objects (Obl, Ob2)   WO 00/54224 - 55  is
finished. PCT/JP00/01119 7. A method according to claim 6, further
comprising the steps of 5 determining the coordinates of said objects (0b1,
Ob2) and the projected coordinates of said objects (Obl, Ob2) on to the
virtual plane (50) with respect to each of polygons of the objects (Obl)
Ob2); registering the determined coordinates in a rendering 10 list (116)
successively in the direction away from said light source (52); and
successively reading the registered coordinates from said rendering list
(1I6) for rendering the shadow (56) on said shadow plane (150). 



15 8. A method according to claim 6 or 7) further compris ing the step of:
effecting low-pass filtering on the shadow (56) ren dered on said shadow
plane (150) depending on at least the 20 distance from said light source
(52) for thereby applying a blur to said shadow (56) depending on at least
the distance from said light source (52). 9. A method according to claim 8,
further comprising 25 the step of: interpolating the shadow (56) rendered
on the generat ing shadow plane (150) when it is expressed on said object
(Ob2), according to rendering depending on the shadow before   WO 00/54224
PCT/JPOOIO11I9 - 56  it is subject to low-pass filtering, the shadow after
it is subject to low-pass filtering, and the light source coordinates of
the object to be processed, for thereby controlling the blur of said shadow
(56). 5 10. A method according to any one of claims 6 to 9, further
comprising: preparing a reference shadow plane (150) and a generating
shadow plane (152) as said shadow plane; 10 each time the objects to be
processed switch from one to another, copying the shadow (56) rendered on
the generating shadow plane (152) onto said reference shadow plane (150);
and each time the shadow (56) on said reference shadow 15 plane (150) is
mapped by way of texture mapping with respect to each of polygons of one
object, rendering a projected image (54) of the polygon onto said virtual
plane (50) as a new combined shadow (56) on said generating shadow plane
(152). 20 11. A method according to claim 10, further comprising the step
of each time the shadow (56) rendered on said generating shadow plane (152)
is copied onto said reference shadow 25 plane (150), effecting low-pass
filtering on the shadow (56) rendered on said generating shadow plane
(152). 12. A method according to claim 11, further comprising   WO 00l54224
- 57  the steps of PCT/JP00/01119 preparing, in addition to the reference
shadow plane (150) and the generating shadow plane (152) as said shadow
plane, a background shadow plane (192) which is a texture 



5 plane corresponding to a background virtual plane disposed behind the
object to be processed, with the light source (52) as a viewpoint;
rendering a shadow formed by projecting a shadow (204) projected onto said
virtual plane (50) onto said background 10 virtual plane, on said
background shadow plane (192); and mapping a shadow expressed on the object
to be proc essed by way of texture mapping, while interpolating the shadow
according to rendering based on the shadow (204) ren dered on said
reference shadow plane (150), the shadow (206) 15 rendered on said
background shadow plane (192), and light source coordinates of said object.
13. A method according to any one of claims 3 to 12) further comprising the
steps of: 20 establishing an extended light source (210) as an ini tial
value for said shadow plane (150); and reflecting said extended light
source (210) and forming a shadow thereof on said object. 25 14. An
apparatus for processing an image, comprising: first means (102) for
establishing at least one virtual plane (50) from the layout of a plurality
of objects (Obl, Ob2) generated by three-dimensional modeling; and   WO
00/54224 - 58 second means (104) for expressing a object (Obl) projected
onto said virtual light source (52) as a viewpoint, on the is farther from
the light source (52) th, 5 PCT/JP00/O1119 shadow (56) of the plane (50) by
a object (Ob2) that 3n the object (Obl). 15. An apparatus according to
claim 14, wherein said first means (102) comprises means for defining a
shadow expression attribute as to whether the shadow (56) is to be
expressed on the objects (Obl, Ob2) in light source process ing attributes
of the objects (Obl, Ob2), and wherein said second means (104) comprises
means for selectively expressing the shadow (56) on the object (Ob2) based
on said shadow expression attribute. 15 16. An apparatus according to claim
14 or 15, wherein said second means (104) has rendering means (106) for
establishing a shadow plane (150) which serves as a texture plane
corresponding to said virtual plane (50), rendering the shadow (56) of said
object (Obl) formed by projection onto 20 said virtual plane (50) on said
shadow plane (150), and mapping the shadow (56) rendered on said shadow
plane (150) onto said other object (Ob2) by way of texture mapping. 17. An
apparatus according to claim 16, wherein said 25 rendering means (106)
comprises means for mapping the shadow (56) onto said other object (Ob2) by
way of texture mapping based on projected coordinates of said other object
(Ob2) onto said virtual plane (50).   



W O 00/54224 - 59  18. An apparatus according to claim said rendering means
(106) comprises mea shadow (56) onto said other object (Ob2) 5 mapping with
respect to each of polygons ject (Ob2). PCT/JP00/01119 16 or 17, wherein ns
for mapping the by way of texture of said other ob 19. An apparatus
according to any one of claims 16 to 18, wherein said second means (104)
comprises coordinate 10 calculating means (138) for determining coordinates
of said objects (Obl, Ob2) with said light source (52) as a viewpoint, and
determining projected coordinates of said objects (Obl, Ob2) onto the
virtual plane (50) successively in a direction away from said light source
(52), and wherein said 15 rendering means (106) comprises means for
rendering the shadow (56) formed by the object (Obl) on said shadow plane
(150) based on said projected coordinates each time texture mapping onto
one of the objects (Obl, 0b2) is finished. 20 20. An apparatus according to
claim 19, wherein said second means (104) comprises rendering list
generating means (142) for determining the coordinates of said objects
(Obl, Ob2) and the projected coordinates of said objects (0b1, Ob2) onto
the virtual plane (50) with respect to each of 25 polygons of the objects
(Obl, Ob2), and registering the determined coordinates in a rendering list
(l16) successively in the direction away from said light source (52), and
wherein said rendering means (106) comprises means for suc   WO 00/54224
PCT/JP00/01119 - 60  cessively reading the registered coordinates from said
rendering list (116) for rendering the shadow (56) on said shadow plane
(150). 5 21. An apparatus according to claim 19 or 20, wherein said
rendering means (106) comprises means for effecting low-pass filtering on
the shadow (56) rendered on said shadow plane (150) depending on at least
the distance from said light source (52) for thereby applying a blur to
said shadow 10 (56) depending on at least the distance from said light
source (52). 22. An apparatus according to claim 21, wherein said rendering
means (106) comprises means for interpolating the 15 shadow (56) rendered
on the generating shadow plane (150) when it is expressed on said object
(Ob2), according to rendering depending on the shadow before it is subject
to lowpass filtering, the shadow after it is subject to low-pass filtering,
and the light source coordinates of the object to 20 be processed, for
thereby controlling the blur of said shadow (56). 23. An apparatus
according to any one of claims 19 to 22, wherein said rendering means (106)
comprises means for 25 preparing a reference shadow plane (150) and a
generating shadow plane (152) as said shadow plane, and, each time the
objects to be processed switch from one to another) copying the shadow (56)
rendered on the generating shadow plane   WO 00/54224 PCT/JP00/01119 - 61
(152) onto said reference shadow plane (150), and, each time the shadow
(56) on said reference shadow plane (150) is mapped by way of texture
mapping with respect to each of polygons of one object, rendering a
projected image (54) of 5 the polygon onto said virtual plane (50) as a new
combined shadow (56) on said generating shadow plane (152). 24. An
apparatus according to claim 23, wherein said rendering means (106)
comprises means for, each time the 10 shadow (56) rendered on said
generating shadow plane (152) is copied onto said reference shadow plane
(150), effecting low-pass filtering on the shadow (56) rendered on said
generating shadow plane (152). 15 25. An apparatus according to claim 24,
wherein said rendering means (106} comprises means for preparing, in
addition to the reference shadow plane (150) and the generating shadow
plane (152) as said shadow plane, a background shadow plane (192) which is
a texture plane corresponding to 20 a background virtual plane disposed
behind the object to be processed, with the light source (52) as a
viewpoint, rendering a shadow formed by projecting a shadow (204) projected
onto said virtual plane (50) onto said background virtual plane, on said
background shadow plane (192), and mapping a 25 shadow expressed on the
object to be processed by way of texture mapping, while interpolating the
shadow according to rendering based on the shadow (204) rendered on said
reference shadow plane (150), the shadow (206) rendered on said   WO
00I54224 



- 62  PCT/JP00/O1119 background shadow plane (192), and light source
coordinates of said object. 26. An apparatus according to any one of claims
16 to 5 25) wherein said rendering means (106) comprises means for
establishing an extended light source (210) as an initial value for said
shadow plane (150), and reflecting said ex tended light source (210) and
forming a shadow thereof on said object. 10 27. A recording medium storing
a program comprising the steps of (a) establishing at least one virtual
plane (50) from the layout of a plurality of objects (Obl, Ob2) generated
by 15 three-dimensional modeling; and (b) expressing a shadow (56) of the
object (Obl) projected onto said virtual plane (50) by a light source (52)
as a viewpoint, on the object (Ob2) that is farther from the light source
(52) than the object (Obl). 20 28. A recording medium according to claim
27, wherein said step (a) comprises the step of defining a shadow ex
pression attribute as to whether the shadow (56) is to be expressed on the
objects (Obl, 0b2) in light source process 25 ing attributes of the objects
(Obl, Ob2), and said step (b) comprises the step of selectively expressing
the shadow (56) on the object (Ob2) based on said shadow expression attrib
ute.   WO 00/54224 PCT/JP00/01119 - 63  29. A recording medium according to
claim 27 or 28, wherein said step (b) comprises the steps of: (c)
establishing a shadow plane (150) which serves as a 5 texture plane
corresponding to said virtual plane (50), ren dering the shadow (56) of
said object (0b1) formed by projection onto said virtual plane (50) on said
shadow plane (150), and mapping the shadow (56) rendered on said shadow
plane (150) onto said other object (Ob2) by way of texture 10 mapping. 30.
A recording medium according to claim 29, wherein said steps (c) further
comprise the step of mapping the 



shadow (56) onto said other object (Ob2) by way of texture 15 mapping based
on projected coordinates of said other object (Ob2) onto said virtual plane
(50). 31. A recording medium according to claim 29 or 30, wherein said
steps (c) further comprises the step of mapping 20 the shadow (56) onto
said other object (Ob2) by way of tex ture mapping with respect to each of
polygons of said other object (Ob2). 32. A recording medium according to
any one of claims 25 29 to 31, wherein said step (b) further comprises the
steps of determining coordinates of said objects (Obl, Ob2) with said light
source (52) as a viewpoint, and determining pro jected coordinates of said
objects (Obl, Ob2) onto the vir   WO 00/54224 - 64  PCT/JP00/01119 tual
plane (50) successively in a direction away from said light source (52),
and wherein said steps (c) further comprise the step of rendering the
shadow (56) formed by the object (Obl) on said shadow plane (150) based on
said pro jected coordinates each time texture mapping onto one of the
objects (Obl, Ob2) is finished. 33. A recording medium according to claim
32, wherein said step (b) further comprises the steps of determining the 10
coordinates of said objects (Obl, Ob2) and the projected co ordinates of
said objects (Obl, Ob2) onto the virtual plane (50) with respect to each of
polygons of the objects (Obl, Ob2), and registering the determined
coordinates in a rendering list (116) successively in the direction away
from 15 said light source (52)) and wherein said steps (c) further comprise
the step of successively reading the registered co ordinates from said
rendering list (116) for rendering the shadow (56) on said shadow plane
(150). 20 34. A recording medium according to claim 32 or 33, wherein said
steps (c) further comprise the step of effecting low-pass filtering on the
shadow (56) rendered on said shadow plane (150) depending on at least the
distance from said light source (52) for thereby applying a blur to said 25
shadow (56) depending on at least the distance from said light source (52).
35. A recording medium according to claim 34, wherein   WO 00/54224 



- 65  PCT/JP00/01119 said steps (c) further comprise the step of
interpolating the shadow (56) rendered on the generating shadow plane (150)
when it is expressed on said object (Ob2), according to rendering depending
on the shadow before it is subject to 5 low-pass filtering, the shadow
after it is subject to low pass filtering, and the light source coordinates
of the ob ject to be processed, for thereby controlling the blur of said
shadow (56). 10 36. A recording medium according to any one of claims 29 to
35, wherein said steps (c) further comprise the steps of preparing a
reference shadow plane (150) and a generating shadow plane (152) as said
shadow plane, and, each time the objects to be processed switch from one to
another, copying 15 the shadow (56) rendered on the generating shadow plane
(152) onto said reference shadow plane (150), and, each time the shadow
(56) on said reference shadow plane (150) is mapped by way of texture
mapping with respect to each of polygons of one object, rendering a
projected image (54) of 20 the polygon onto said virtual plane (50) as a
new combined shadow (56) on said generating shadow plane (152). 37. A
recording medium according to claim 36, wherein said steps (c) further
comprise the step of, each time the 25 shadow (56) rendered on said
generating shadow plane (152) is copied onto said reference shadow plane
(150), effecting low-pass filtering on the shadow (56) rendered on said gen
erating shadow plane (152).   WO 00/54224 PCT/JP00/01119 - 66  38. A
recording medium according to claim 37, wherein said steps (c) further
comprise the steps of preparing, in addition to the reference shadow plane
(150) and the generating shadow plane (152) as said shadow plane, a back s
ground shadow plane (192) which is a texture plane corre sponding to a
background virtual plane disposed behind the object to be processed, with
the light source (52) as a viewpoint, rendering a shadow formed by
projecting a shadow (204) projected onto said virtual plane (50) onto said
back 10 ground virtual plane, on said background shadow plane (192), and
mapping a shadow expressed on the object to be processed by way of texture
mapping, while interpolating the shadow according to rendering based on the
shadow (204) rendered on said reference shadow plane (150), the shadow
(206) rendered 15 on said background shadow plane (192), and light source
coordinates of said object. 39. A recording medium according to any one of
claims 29 to 38, wherein said steps (c) further comprise the steps 20 of
establishing an extended light source (210) as an initial value for said
shadow plane (150), and reflecting said extended light source (210) and
forming a shadow thereof on said object. 25 40. A program comprising the
steps of: (a) establishing at least one virtual plane (50) from the layout
of a plurality of objects (Obl, Ob2) generated by three-dimensional
modeling; and   WO 00/54224 - 67  



PCT/JP00/01119 (b) expressing a shadow (56) of the object (Obl) projected
onto said virtual plane (50) by a light source (52) as a viewpoint, on the
object (Ob2) that is farther from the light source (52) than the object
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