
WO 01/20555 PCT/JPOO/06137  -1 DESCRIPTION  METHOD AND APPARATUS FOR
RENDERING REFLECTIVE TEXTURE SURFACES WITH DISTROSIONS  5 Technical Field
The present invention relates to an image processing  apparatus for use as
a CG (Computer Graphics) processing ap- paratus for mapping a texture image
onto a shaped surface 10 such as a polygon, a quadratic surface, or the
like to ren- der a shape having a pattern or a texture, especially a sur-
face irregularity texture, a recording medium storing a pro- gram for such
an image processing process, and such a pro- gram. 15 Background Art One
rendering technique known as bump mapping produces  the appearance of a
nonsmooth surface by angularly perturb- ing the vectors of normals that
represent the gradients of  20 small facets that jointly make up a smooth
surface. Bump mapping is advantageous because it can produce a
sufficiently irregular texture without performing calcula- tions to input
complex shapes. However, the conventional bump mapping process is com- 25
plicated in that it needs to be implemented by perturbing  the normal
vector of each small facet. Another problem of the conventional bump
mapping proc WO 01/20555 PCT/JPOO/06137  -2 



ess is that it fails to express the texture of a mirror or  metal surface
which has surface irregularities. Disclosure of Invention 5 It is therefore
an object of the present invention to  provide an image processing
apparatus, a recording medium,  and a program which make it possible to
express a nonsmooth  surface with a simple arrangement or processing
sequence. Another object of the present invention is to provide  10 an
image processing apparatus, a recording medium, and a  program which make
it possible to a special image easily  with a simple arrangement. Still
another object of the present invention is to  provide an image processing
apparatus, a recording medium,  15 and a program which are capable of
expressing the texture of a mirror or metal surface which has surface
irregularities.  According to an aspect of the present invention, there  is
provided an apparatus for processing an image, comprising  original texture
image storing means for storing an original 20 texture image, gray pattern
image storing means for storing  a gray pattern image having differently
shaped regions in  different positions, and texture image generating means
for  combining the original texture image and the gray pattern  image with
each other thereby to generate a texture image. 25 The texture image
generating means combines the origi- nal texture image and the gray pattern
image with each other  thereby to generate a texture image. The texture
image thus WO 01/20555 PCT/JPOO/06137  -3 generated represents the original
texture image as modulated  



by the shades of the gray pattern image. As a result, a  special image can
easily be generated with a simple arrange- ment or processing sequence. 5
The original texture image may alternatively be com- bined with a reversed
gray pattern image having pixel shades  which are a reversal of pixel
shades of the gray pattern im- age. The original texture image may further
alternatively be  10 combined with both a gray pattern image having
differently  shaped regions in different positions and a reversed gray
pattern image having pixel shades which are a reversal of  pixel shades of
the gray pattern image. The texture image  generating means combines the
original texture image with 15 either one of the gray pattern image and the
reversed gray  pattern image to generate a first combined image, thereafter
combines an image produced by enlarging the original texture  image with
the other one of the gray pattern image and the  reversed gray pattern
image to generate a second combined 20 image, and combines the first
combined image and the second  combined image with each other to generate
the texture im- age. The texture image thus generated is capable of
express- ing the texture of a nonsmooth mirror or metal surface. 25 The
texture image generating means may enlarge the  original texture image
according to a value calculated based  on at least one of the direction of
a normal vector, the di WO 01/20555 PCT/JPOO/06137  -4 rection of a
line-of-sight vector, and the direction of an  



imaginary light source vector, of a shaped surface onto  which the texture
image is mapped. The shaped surface thus  represents a realistic nonsmooth
surface. The shaped sur 5 face may be a polygon, a quadratic surface, or
the like.  If the original texture image is combined with both a  gray
pattern image having differently shaped regions in dif- ferent positions
and a reversed gray pattern image having  pixel shades which are a reversal
of pixel shades of the 10 gray pattern image, then the texture image
generating means  combines the original texture image with either one of
the  gray pattern image and the reversed gray pattern image to  generate a
first combined image, thereafter combines an im- age produced by
positionally displacing the original texture 15 image with the other one of
the gray pattern image which is  positionally displaced and the reversed
gray pattern image  which is positionally displaced to generate a second
com- bined image, and combines the first combined image and the  second
combined image with each other to generate the tex- 20 ture image. The
texture image thus generated is capable of express- ing the texture of a
nonsmooth surface which reflects light  by way of diffuse reflection. The
texture image generating means may positionally  25 displace the original
texture image according to a value  calculated based on at least one of the
direction of a nor- mal vector, the direction of a line-of-sight vector,
and the WO 01/20555 PCT/JPOO/06137  -5 direction of an imaginary light
source vector, of a shaped  



surface onto which the texture image is mapped. The shaped  surface thus
represents a realistic nonsmooth surface. The  shaped surface may be a
polygon, a quadratic surface, or the  5 like. According another aspect of
the present invention,  there is provided a recording medium storing a
program, the  program comprising the steps of reading an original texture
image and a gray pattern image having differently shaped re 10 gions in
different positions, and combining the original  texture image and the gray
pattern image to generate a tex- ture image. The original texture image and
the gray pattern image  having differently shaped regions in different
positions are  15 combined with each other to generate a texture image. The
texture image thus generated represents the original texture  image as
modulated by the shades of the gray pattern image.  As a result, a special
image can easily be generated with a  simple arrangement. 20 In the program
stored in the recording medium, the  original texture image may
alternatively be combined with a  reversed gray pattern image having pixel
shades which are a  reversal of pixel shades of the gray pattern image. In
the program stored in the recording medium, the 25 original texture image
may further alternatively be combined  with both a gray pattern image
having differently shaped re- gions in different positions and a reversed
gray pattern im WO 01/20555 PCT/JP00/06137  -6 age having pixel shades
which are a reversal of pixel shades  



of the gray pattern image. The original texture image is  combined with
either one of the gray pattern image and the  reversed gray pattern image
to generate a first combined im 5 age, thereafter an image produced by
enlarging the original  texture image is combined with the other one of the
gray  pattern image and the reversed gray pattern image to gener- ate a
second combined image, and the first combined image  and the second
combined image are combined with each other 10 to generate the texture
image. The texture image thus generated is capable of express- ing the
texture of a nonsmooth mirror or metal surface. The original texture image
may be enlarged according to  a value calculated based on at least one of
the direction of  15 a normal vector, the direction of a line-of-sight
vector, and the direction of an imaginary light source vector, of a  shaped
surface onto which the texture image is mapped. The  shaped surface thus
represents a realistic nonsmooth sur- face. The shaped surface may be a
polygon, a quadratic sur- 20 face, or the like. If the original texture
image is combined with both a  gray pattern image having differently shaped
regions in dif- ferent positions and a reversed gray pattern image having
pixel shades which are a reversal of pixel shades of the 25 gray pattern
image, then the original texture image is com- bined with either one of the
gray pattern image and the re- versed gray pattern image to generate a
first combined im WO 01/20555 PCT/JP00/06137  -7 age, thereafter an image
produced by positionally displacing  



the original texture image is combined with the other one of  the gray
pattern image which is positionally displaced and  the reversed gray
pattern image which is positionally dis 5 placed to generate a second
combined image, and the first  combined image and the second combined image
are combined  with each other to generate the texture image. The texture
image thus generated is capable of express- ing the texture of a nonsmooth
surface which reflects light  10 by way of diffuse reflection. The original
texture image may be positionally dis- placed according to a value
calculated based on at least one  of the direction of a normal vector, the
direction of a  line-of-sight vector, and the direction of an imaginary 15
light source vector, of a shaped surface onto which the tex- ture image is
mapped. The shaped surface thus represents a  realistic nonsmooth surface.
The shaped surface may be a  polygon, a quadratic surface, or the like.
According to still another aspect of the present inven- 20 tion, there is
provided a program comprising the steps of  reading an original texture
image and a reversed gray pat- tern image having pixel shades which are a
reversal of pixel  shades of a gray pattern image having differently shaped
re- gions in different positions, and combining the original 25 texture
image and the reversed gray pattern image to gener- ate a texture image. In
the above program, the texture image which is gener WO 01/20555
PCT/JPOO/06137  -8 ated by combining the original texture image and the re-



versed gray pattern image represents the original texture  image as
modulated by the shades of the gray pattern image.  As a result, a special
image can easily be generated with a  5 simple arrangement. According to
yet another aspect of the present inven- tion, there is provided an
apparatus for processing an im- age, comprising original texture image
storing means for  storing an original texture image, original texture
image 10 processing means for processing the original texture image  to
generate a processed original texture image, gray pattern  image storing
means for storing a gray pattern image having  differently shaped regions
in different positions, gray pat- tern image processing means for
processing the gray pattern 15 image to generate a processed gray pattern
image, and tex- ture image generating means for combining the original tex-
ture image or the processed texture image with the gray pat- tern image
and/or the processed gray pattern image to gener- ate a texture image. 20
In the above apparatus, the texture image generated by  the texture image
generating means represents an image whose  shades are variously modulated
which is produced by combin- ing the original texture image or the
processed texture im- age with the gray pattern image and/or the processed
gray 25 pattern image. Consequently, a more special image can eas- ily be
generated with a relatively simple arrangement. The original texture image
processing means may enlarge WO 01/20555 PCT/JPOO/06137  -9 and/or
positionally displace the original texture image to  



generate the processed original texture image, and the gray  pattern image
processing means may perform at least one of  processes of converting the
shades of the gray pattern image 5 according to a shade converting
algorithm, enlarging the  gray pattern image, and positionally displacing
the gray  pattern image to generate the processed gray pattern image.  The
original texture image may be enlarged at an enlargement  ratio including x
1. 10 According to yet still another aspect of the present  invention,
there is provided a recording medium storing a  program, the program
comprising the steps of reading an  original texture image and a gray
pattern image having dif- ferently shaped regions in different positions,
processing 15 the original texture image to generate a processed original
texture image, processing the gray pattern image to generate  a processed
gray pattern image, and combining the original  texture image or the
processed texture image with the gray  pattern image and/or the processed
gray pattern image to 20 generate a texture image. In the program stored in
the above recording medium,  the texture image thus generated represents an
image whose  shades are variously modulated which is produced by combin-
ing the original texture image or the processed texture im 25 age with the
gray pattern image and/or the processed gray  pattern image. Consequently,
a more special image can eas- ily be generated with a relatively simple
arrangement. WO 01/20555 PCT/JPOO/06137  -10 The step of processing the
original texture image may  



comprise the step of enlarging and/or positionally displac- ing the
original texture image to generate the processed  original texture image,
and the step of processing the gray 5 pattern image may comprise the step
of performing at least  one of processes of converting the shades of the
gray pat- tern image according to a shade converting algorithm,  enlarging
the gray pattern image, and positionally displac- ing the gray pattern
image to generate the processed gray 10 pattern image. The original texture
image may be enlarged  at an enlargement ratio including x 1. According to
a further aspect of the present invention,  there is provided a program
comprising the steps of reading  an original texture image and a gray
pattern image having 15 differently shaped regions in different positions,
process- ing the original texture image to generate a processed  original
texture image, processing the gray pattern image to  generate a processed
gray pattern image, and combining the  original texture image or the
processed texture image with 20 the gray pattern image and/or the processed
gray pattern im- age to generate a texture image. In the above program, the
texture image thus generated  represents an image whose shades are
variously modulated  which is produced by combining the original texture
image or 25 the processed texture image with the gray pattern image  and/or
the processed gray pattern image. Consequently, a  more special image can
easily be generated with a relatively WO 01/20555 PCT/JPOO/06137  -11-
simple arrangement. 



In the above program, the step of processing the origi- nal texture image
may comprise the step of enlarging and/or  positionally displacing the
original texture image to gener 5 ate the processed original texture image,
and the step of  processing the gray pattern image may comprise the step of
performing at least one of processes of converting the  shades of the gray
pattern image according to a shade con- verting algorithm, enlarging the
gray pattern image, and 10 positionally displacing the gray pattern image
to generate  the processed gray pattern image. The original texture im- age
may be enlarged at an enlargement ratio including x 1. The above and other
objects, features, and advantages  of the present invention will 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 a general
arrangement of  an entertainment apparatus according to the present inven-
tion; FIG. 2 is a functional block diagram of a texture image  generating
function or means according to a first embodiment  25 of the present
invention; FIG. 3 is a view showing an original texture image;  FIG. 4 is a
diagram of image data of the original tex WO 01/20555 PCT/JPOO/06137  -12-
ture image; FIG. 5 is a view showing a gray pattern image; 



FIG. 6 is a diagram of image data of the gray pattern  image; 5 FIG. 7 is a
diagram of image data of a combined image  produced by a alpha blending
process; FIG. 8 is a view showing a reversed gray pattern image;  FIG. 9 is
a flowchart of a first specific example of an  operation sequence of the
texture image generating function  10 or means shown in FIG. 2; FIG. 10 is
a view showing a first combined texture im- age picture; FIG. 11 is a
flowchart of a second specific example of  the operation sequence of the
texture image generating func- 15 tion or means shown in FIG. 2; FIG. 12 is
a view showing another first combined tex- ture image; FIG. 13 is a
flowchart of a third specific example of  the operation sequence of the
texture image generating func- 20 tion or means shown in FIG. 2; FIG. 14 is
a diagram illustrative of the manner in  which an enlargement ratio is
derived; FIG. 15 is a view showing a second combined texture im- age
picture; 25 FIG. 16 is a view showing a third combined texture im- age
picture; FIG. 17 is a functional block diagram of a texture im WO 01/20555
PCT/JPOO/06137  -13 age generating function or means according to a second
em- bodiment of the present invention; 



FIG. 18 is a flowchart of an operation sequence of the  texture image
generating function or means shown in FIG. 17;  5 FIG. 19 is a diagram
illustrative of a specific posi- tional displacement; FIG. 20 is a view
showing another third combined tex- ture image picture; FIG. 21 is a
functional block diagram of a texture im- 10 age generating function or
means according to a third em- bodiment of the present invention; FIG. 22
is a flowchart of a process of dividing a gray  pattern image; FIG. 23 is a
diagram showing a matrix of the gray pat- 15 tern image; FIG. 24 is a
diagram showing image data of a gray pat- tern image; FIG. 25 is a diagram
showing image data of a gray pat- tern image that has been divided; 20 FIG.
26 is a view of the gray pattern image shown in  FIG. 25; FIG. 27 is a view
of the gray pattern image that has  been divided; FIG. 28A is a graph
showing a gray pattern image; 25 FIG. 28B is a graph showing a gray pattern
image having  a peak at a value of 0; FIG. 28C is a graph showing a gray
pattern image having WO 01/20555 PCT/JPOO/06137  -14- a peak at a value of
64; FIG. 28D is a graph showing a gray pattern image having  



a peak at a value of 128; FIG. 28E is a graph showing a gray pattern image
having  5 a peak at a value of 192; FIG. 28F is a graph showing a gray
pattern image having  a peak at a value of 255; FIG. 29A is a view of an
image corresponding to the im- age shown in FIG. 28A; 10 FIG. 29B is a view
of an image corresponding to the im- age shown in FIG. 28B; FIG. 29C is a
view of an image corresponding to the im- age shown in FIG. 28C; FIG. 29D
is a view of an image corresponding to the im- 15 age shown in FIG. 28D;
FIG. 29E is a view of an image corresponding to the im- age shown in FIG.
28E; FIG. 29F is a view of an image corresponding to the im- age shown in
FIG. 28F; and 20 FIG. 30 is a block diagram of an image processing appa-
ratus according to a fourth embodiment of the present inven- tion. Best
Mode for Carrying Out the Invention 25 FIG. 1 shows an entertainment
apparatus 10 for perform- ing three-dimensional CG processing, to which the
present  invention is applied. WO 01/20555 PCT/JPOO/06137  -15 As shown in
FIG. 1, the entertainment apparatus 10 com- prises an MPU (MircoProcessing
Unit) 12 for controlling the  entertainment apparatus 10, a main memory 14
for storing  



various programs to be run and various data, an image proc 5 essor 20 for
generating image data under the control of the  MPU 12 and outputting the
generated image data to a display  monitor 18, e.g., a CRT, an input/output
port 24 for sending  data to and receiving data from external devices, and
a ROM,  i.e., OSDROM (On-Screen-Display Read-Only Memory), 26 with 10 an
OSD function, which may comprise a flash memory or the  like, for
controlling the kernel, etc. The main memory 14, the OSDROM 26, and the
input/output  port 24 are connected to the MPU 12 via a bus 30. A GTE
(Geometry Transfer Engine) 13 for performing coordinate 15 transforms
including perspective projection transforms,  light source calculations,
vector operations, polygon coor- dinate operations, etc. at high speed is
connected directly  to the MPU 12. The GTE 13 has a function to divide a
three-dimensional  20 model to be displayed continuously as a moving image
on the  display monitor 18, into polygons or shaped facets according  to
calculation commands from the MPU 12. To the input/output port 24, there
are connected an in- put device 32 for inputting data (key entry data,
coordinate  25 data, etc.) to the entertainment apparatus 10, and an opti
cal disk drive 36 for playing back an optical disk 34 such  as a CD-ROM, a
DVD, or the like in which various programs WO 01/20555 PCT/JPOO/06137  -16
and data (object-related data, texture data, etc.) are  stored. The input
device 32 may comprise a manual control- ler having direction buttons, etc.



The image processor 20 comprises a rendering engine 70,  5 a memory
interface 72, an image memory 74, and a display  controller 76 such as a
programmable CRT controller or the  like. The rendering engine 70 serves to
render image data  based on rendering commands supplied from the MPU 12 and
10 polygon coordinate data, and stores the rendered image data  in the
image memory 74 via the memory interface 72.  Specifically, the rendering
engine 70 performs a tex ture mapping process by applying colors and
shades, adding  optical properties including mirror reflection, diffuse re-
15 flection, refraction, transparency, etc., adding surface patterns, and
adding surrounding light, i.e., ambient light,  to polygons (polygon
coordinate data) which are shaped fac- ets divided from a three-dimensional
model that are calcu- lated by the GTE 13 and supplied from the MPU 12. 20
A first bus 78 is connected between the memory inter- face 72 and the
rendering engine 70, and a second bus 80 is  connected between the memory
interface 72 and the image mem- ory 74. Each of the first and second buses
78, 80 has a  128-bit width, for example, for allowing the rendering en 25
gine 70 to render and store image data in the image memory  74 at a high
speed. The rendering engine 70 is capable of rendering image WO 01/20555
PCT/JPOO/06137  -17 data of 320 x 240 pixels or image data of 640 x 480
pixels  according to the NTSC or PAL system on a real-time fashion,  i.e.,
more than ten times to several ten times in 1/60 sec- 



onds to 1/30 seconds. 5 The image memory 74 is of a unified memory
structure  that is able to designate a texture rendering area and a
display rendering area as the same area. The image controller 76 writes
texture data read from  the optical disk 34 via the optical disk drive 36
or texture  10 data read from the OSDROM 26 via the memory interface 72 in
to the texture rendering area of the image memory 74, and  reads image data
rendered in the display rendering area of  the image memory 74 via the
memory interface 72 and outputs  the read image data to the display monitor
18 to display an  15 image on its display screen. FIG. 2 shows in function
block form an image processing  (three-dimensional CG processing) program,
i.e., a texture  image generating function or a texture image generating
means, performed by the rendering engine 70, which carries 20 out a
rendering process on a three-dimensional shape (3D  model) based on
rendering commands from the MPU 12, and the  MPU 12 and the GET 13 which
control the rendering engine 70. The image processing program is stored,
together with  three-dimensional model data and two-dimensional model data,
25 in the OSDROM 26, and read and executed by the MPU 12. How ever, the
image processing program, three-dimensional model  data, and
two-dimensional model data may be stored in the WO 01/20555 PCT/JPOO/06137
-18 optical disk 34, read by the optical disk drive 36, loaded  into the
main memory 14, and executed by the MPU 12. Prior to describing the
arrangement shown in FIG. 2,  



details of image data of texture images that are used by the  5 image
processing program shown in FIG. 2 will first be de scribed for an easier
understanding of the present inven- tion. An original texture image (also
referred to as "origi- nal image") Ia that is a texture image to be
processed com- 10 prises image data of a color image picture Qa, which is
to be displayed on the display monitor 18, represents a scene  or objects
as shown in FIG. 3. The original texture image  Ia is read from the OSDROM
26 and stored in a given area in  the image memory 74. 15 The image memory
74 also functions as an original tex- ture image storing means, a gray
pattern image storing  means, a reversed gray pattern image storing means,
and a  processed gray pattern image storing means. FIG. 4 shows the
original texture image Ia, actually  20 composed of several hundred pixels
x several hundred pixels,  stored in the image memory 74, as sets of image
data of 4 x  4 pixels for an easier understanding. The original texture
image Ia comprises RGB image data, i.e., image data Ra, im- age data Ga,
and image data Ba (R represents red, G green, 25 and B blue). The value of
each pixel ij (i = 1 - 4, j = 1 - 4) of each of the image data Ra, Ga, Ba
is represented by 8- bit luminance data in a range of gradations 0 - 255.
WO 01/20555 PCT/JPOO/06137  -19 As well known in the art, the color of a
pixel ij = (1,  1) is determined by a combination of image data (pixel
data)  Rall, image data (pixel data) Gall, and image data (pixel  



data) Ball. 5 Therefore, the image picture Qa shown in FIG. 3 is de-
termined by a combination of image data Ra, Ga, Ba. A gray pattern image
Ib, which is characteristic of the  present invention, comprises image data
representing a mono- chromatic (black-and-white) image picture (also
referred to 10 as "gray pattern image picture") Qb having differently shad-
ed regions in different two-dimensional positions, as shown  in FIG. 5. The
gray pattern image Ib is also read from the  OSDROM 26 and stored in a
given area in the image memory 74  which is different from the area for
storing the original  15 texture image Ia. In the gray pattern image
picture Qb shown in FIG. 5,  the luminance is highest in white regions,
second highest in  coarsely hatched regions, third highest in crosshatched
re- gions, and lowest in closely hatched regions. 20 FIG. 6 shows the gray
pattern image Ib, actually com- posed of several hundred pixels x several
hundred pixels,  stored in the image memory 74, as sets of image data of 4
x  4 pixels for an easier understanding. The gray pattern im- age Ib
comprises RGB image data, i.e., image data Rb, image 25 data Gb, and image
data Bb, and alpha channel data ab.  Since the gray pattern image Ib
represents a gray pat- tern, i.e., a gray pattern including white and black
re WO 01/20555 PCT/JPOO/06137  -20 gions, pixels ij of the image data Rb,
the image data Gb,  and the image data Bb in the same row i and the same
column  j have the same luminance value. For example, image data  



Rb11, Gb1l, Bb11 have the same luminance value, and image 5 data Rb22,
Gb22, Bb22 have the same luminance value. How- ever, the image data Rb11
and the image data Rb22 have dif- ferent luminance values. In the gray
pattern image Ib shown in FIG. 6, all the  pixels ij of each of the image
data Rb, the image data Gb,  10 and the image data B have different
luminance values. For example, the luminance values of these pixels ij are
ar- ranged such that there is a large difference between the lu- minance
values of adjacent pixels i, j. Since the gray pat- tern Ib is composed of
different gray shades of several hun 15 dred pixels x several hundred
pixels, as shown in FIG. 5, it  looks like a bump map pattern produced by
black ink that has  flowed over a piece of paper. As described above, the
gray  pattern image picture Qb corresponding to the gray pattern  image Ib
is displayed as a monochromatic (black-and-white)  20 image picture. In
FIG. 6, the alpha channel data ab of the gray pat- tern image Ib represents
a combining ratio for combining the  gray pattern image Ib with another
image. Each pixel ij of  the alpha channel data ab has a value ranging from
1 to 255, 25 i.e., a combining ratio ranging from 0 to 1. If a pixel  abij
of the alpha channel data ab is allocated a value of  abij = 128, then it
is normalized by an 8-bit resolution WO 01/20555 PCT/JPOO/06137  -21 256,
and it is combined with another image at a ratio a of  128/256 = 0.5. Such
a combining process is referred to as  an alpha blending process. Usually,
a pixel is allocated  



the ratio a of 0.5. 5 If the gray pattern image Ib is combined with the
original texture image Ia according to the alpha blending  process,
producing a combined image Ie, then each pixel Ieij  of the combined image
Ie (first combined texture image, as  described later on) has a luminance
value, for each R, G, B 10 image data, determined according to the equation
(1) shown  below. In FIG. 2, the combined image Ie is obtained as an
output from a first combining means 108. Ieij = Ibij x abij + Iaij x (1 -
abij) ... (1) FIG. 7 shows the combined image Ie, composed of RGB im- 15
age data, i.e., image data Re, image data Ge, and image data  Be, stored in
the image memory 74, as sets of image data of  4 x 4 pixels. Of the image
data Re, Ge, Be of the combined image Ie,  image data (pixel values) Re14,
Ge14, Be14 of a pixel ij =  20 (1, 4) are given according to the equation
(1) as follows:  Re14 = Rb14 x ab14 + Ra14 (1 - abl4) Ge14 = Gb14 x ab14 +
Ga14 (1 - ab14)  Be14 = Bb14 x ab14 + Ba14 (1 - ab14) The texture image
generating function or means accord- 25 ing to the first embodiment shown
in FIG. 2 will be de- scribed below. As shown in FIG. 2, the texture image
generating func WO 01/20555 PCT/JPOO/06137  -22 tion or means comprises a
reversing means 102 for reversing  the shades of pixels of the gray pattern
image Ib having  differently shaded regions in different two-dimensional
po- 



sitions thereby to generate a reversed gray pattern image Id 5 as image
data, a first combining means 108 for combining the  gray pattern image Ib
or the reversed gray pattern image Id  which is selected by a selecting
means 104 with the original  texture image Ia according to the alpha
blending process thereby to produce a first combined texture image Ie, an
10 enlarging means 110 for enlarging the original texture image  Ia into an
enlarged original texture image If, and a second  combining means 112 for
combining the enlarged original tex- ture image If with the gray pattern
image Ib or the reversed  gray pattern image Id which has not been used by
the first 15 combining means 108 according to the alpha blending process
thereby to produce a second combined texture image Ig. The reversed gray
pattern image Id supplied to the se- lecting means 104 may be either the
reversed gray pattern  image Id generated by the reversing means 102 or a
reversed 20 gray pattern image Id stored in the OSDROM 26, which is se-
lected by a selecting means 114. In FIG. 2, the reversed  gray pattern
image Id generated by the reversing means 102  is selected by the selecting
means 114. The reversing means 102 has an algorithm for reversing  25
different shades. The reversing means 102 serves as a proc- essed gray
pattern image generating function or means for  converting the shades of a
gray pattern image according to a WO 01/20555 PCT/JPOO/06137  -23 shade
converting algorithm to generate a processed gray pat- tern image. The
reversed gray pattern image Id is related to the  



gray pattern image Ib as a negative is related to a posi- 5 tive.
Therefore, the reversed gray pattern image Id also looks like a bump map
pattern of a monochromatic image.  FIG. 8 shows a reversed gray pattern
image picture Qd which  is a reversal of the gray pattern image picture Qb
shown in  FIG. 5. 10 In the reversed gray pattern image picture Qd shown in
FIG. 8, the luminance is lowest in closely hatched regions  which
correspond to the white regions shown in FIG. 5, sec- ond lowest in
crosshatched regions which correspond to the  coarsely hatched regions
shown in FIG. 5, third lowest in 15 coarsely hatched regions which
correspond to the cross- hatched regions shown in FIG. 5, and highest in
white region  which correspond to the closely hatched regions shown in
FIG. 5. The enlarging means 110 shown in FIG. 2 enlarges the  20 original
texture image Ia according to a value calculated  based on some desired
attributes Opa, which include the di- rection of a normal vector, the
direction of a line-of-sight  vector, and the direction of an imaginary
light source vec- tor, of a shaped surface Op such as a polygon, a
quadratic 25 surface, or the like of an object onto which a texture image
Ij, described later on, is mapped by a mapping means 120.  The attributes
Opa serve as enlarging parameters. The WO 01/20555 PCT/JPOO/06137  -24
shaped surface Op is generated by the GTE 13. The enlarging means 110 has
an algorithm for enlarging  an image according to an attribute Opa of a
shaped surface  



Op. Therefore, the enlarging means 110 serves as a proc 5 essed gray
pattern image generating function or means for  enlarging a gray pattern
image according to an image enlarg- ing algorithm to generate a processed
gray pattern image. The texture image generating function or means shown in
FIG. 2 also comprises a third combining means 115 for com- 10 bining the
first combined texture image Ie generated by the first combining means 108
and the second combined texture  image Ig generated by the second combining
means 112 to gen- erate a third combined texture image Ih, and a mapping
means  120 for mapping the first combined texture image Ie or the 15 third
combined texture image Ih which is selected by a se- lecting means 116,
onto a shaped surface Op as a texture im- age Ij (Ij is Ie or Ih) to
generate a mapped image Ik. In FIG. 2, the selecting means 104 is ganged
complemen- tarily with another selecting means 106 such that when the  20
gray pattern Ib is supplied to the first combining means 108 via the
selecting means 104, the reversed gray pattern image  Id is supplied to the
second combining means 112 via the  other selecting means 106, and when the
reversed gray pat- tern Id is supplied to the first combining means 108 via
the 25 selecting means 104, the gray pattern image Ib is supplied  to the
second combining means 112 via the other selecting  means 106. WO 01/20555
PCT/JPOO/06137  -25 A first specific example of an operation sequence of
the texture image generating function according to the first  embodiment of
the present invention, based on the image  



processing program stored in the OSDROM 26, will be de 5 scribed below with
reference to FIG. 9. In the first specific example, the selecting means
104,  106, which operate in a manner similar to ganged switches,  are
operated as indicated by the solid-line arrows to supply  the gray pattern
image Ib to the first combining means 108 10 and the reversed gray pattern
image Id to the second combin- ing means 112, and the selecting means 116
is operated as  indicated by the dotted-line arrow to supply the first com-
bined texture image Ie as the texture image Ij to the map- ping means 120.
15 In step Si shown in FIG. 9, an original texture image  Ia is read from
the image memory 74. In step S2, a gray  pattern image Ib is read from the
image memory 74. In step S3, the first combining means 108 combines the
original texture image Ia with the gray pattern image Ib ac- 20 cording to
the alpha blending process to generate a first combined texture image Ie.
While the first combined texture  image Ie is expressed according to the
equation (1), it is  represented as a product Ia x Ib = Ie for an easier
under- standing of the present invention. 25 The intensity of the colors of
the first combined tex- ture image Ie depends on the luminance of each of
the pixels  of the gray pattern image Ib. The first combined texture WO
01/20555 PCT/JPOO/06137  -26 image Ie is representative of the original
texture image Ia,  which is normally colored, as luminance-modulated by the
shades of the pixels of the gray pattern image Ib. Conse- 



quently, the first combined texture image Ie comprising a 5 special effect
image can easily be generated with a simple  arrangement. In step S4, a
texture image Ij supplied as the first  combined texture image Ie to one of
the inputs of the map- ping means 120 by the selecting means 116 is mapped
onto a 10 shaped surface Op supplied to the other input of the mapping
means 120 by the mapping means 120 thereby to produce a  mapped image Ik.
The mapped image Ik has a simulated nonsmooth surface  that is provided on
the original texture image Ia as two 15 dimensionally luminance-modulated
according to the shades of  the gray pattern image Ib. FIG. 10 shows a
first combined texture image picture  Qeb which corresponds to the first
combined texture image Ie  (the texture image Ij, the mapped image Ik) that
is produced 20 by combining the gray pattern image picture Qb, which is a
monochromatic image picture corresponding to the gray pat- tern image Ib,
shown in FIG. 5 and the original texture im- age picture Qa, which is a
colored image picture correspond- ing to the original texture image Ia,
shown in FIG. 3. 25 FIG. 11 shows a second specific example of the opera-
tion sequence of the texture image generating function ac- cording to the
first embodiment shown in FIG. 2. WO 01/20555 PCT/JPOO/06137  -27 The
second specific example differs from the first spe- cific example shown in
FIG. 9 in that the processing in step  S2 is replaced with the processing
in step S12. In step  



S12, the reversed gray pattern Id from the reversing means 5 102 is read.
Specifically, according to the second specific  example, the selecting
means 104 is switched over to supply  the reversed gray pattern image Id to
the first combining  means 108 and the selecting means 106 is switched over
to  supply the gray pattern image Ib to the second combining 10 means 112.
Otherwise, the processing in steps S11 - S14 is  carried out in a manner
similar to the processing in steps  S1 - S4 shown in FIG. 9. In the second
specific example, the first combined tex- ture image Ie generated by the
first combining means 108 is  15 representative of the original texture
image Ia as lumi nance-modulated by the shades of the pixels of the
reversed  gray pattern image Id. The first combined texture image Ie  is
also represented as a product Ia x Ib = Ie for an easier  understanding of
the present invention. The mapped image Ik 20 generated by the mapping
means 120 has a simulated nonsmooth  surface, similar to the mapped image
Ik according to the  first specific example, that is provided on the
original  texture image Ia as two-dimensionally luminance-modulated
according to the shades of the reversed gray pattern image  25 Ic (Id).
FIG. 12 shows a first combined texture image picture  Qed which corresponds
to the first combined texture image Ie WO 01/20555 PCT/JPOO/06137  -28 (the
texture image Ij, the mapped image Ik) that is produced  by combining the
reversed gray pattern image picture Qd  shown in FIG. 8 and the original
texture image picture Qa  



shown in FIG. 3. 5 FIG. 13 shows a third specific example of the operation
sequence of the texture image generating function according  to the first
embodiment shown in FIG. 2. In the third specific example, an original
texture im- age Ia, a gray pattern image Ib, and a reversed gray pattern
10 image Id are read from the image memory 74 respectively in  steps S21,
S22, S23. In step S24, the gray pattern image Ib or the reversed  gray
pattern image Id is selected by the selecting means  104, and combined with
the original texture image Ia accord 15 ing to the alpha blending process
by the first combining  means 108, thus generating a first combined texture
image  Ie. In this example, the gray pattern image Ib is selected  to
generate a first combined texture image Ie represented by  Ie = Ia x Ib. 20
In step S25, the enlarging means 110 enlarges the  original texture image
Ia at an enlargement ratio 3 deter- mined according to a value calculated
based on attributes  Opa, which include the direction of a normal vector
Vn, the  direction of a line-of-sight vector Vi, and the direction of 25 an
imaginary light source vector V1, of a shaped surface Op  shown in FIG. 14,
e.g., the direction of a vector obtained  from a vector product of Vn, Vi,
V1, a vector product of Vn, WO 01/20555 PCT/JPOO/06137  -29 Vi, or a vector
product of Vn, Vl, and outputs an enlarged  original texture image If (If =
13Ia). At this time, the original texture image Ia shown in  



FIG. 4 is enlarged radially outwardly from a two-dimensional  5 central
position 122, i.e., a point contacted by respective vertexes of pixels ij =
22, 23, 32, 33, of the original tex- ture image Ia. Usually, the
enlargement ratio f is selected  from a range of P = 1 - 2, preferably 1.1
- 2. However, the  enlargement ratio 1 may be of a larger value. 10 In step
S26, one of the gray pattern image Ib and the  reversed gray pattern image
Id, which has not been selected  in step S24, i.e., the reversed gray
pattern image Id, and  the enlarged original texture image If are combined
accord- ing to the alpha blending process by the second combining 15 means
112, thus generating a second combined texture image  Ig. For an easier
understanding of the present invention,  the second combined texture image
Ig is represented by Ig =  Id x If = Id x 13Ie. 20 FIG. 15 shows a second
combined texture image picture  Qg corresponding to the second combined
texture image Ig,  produced by combining the reversed gray pattern image
pic- ture Qd shown in FIG. 8 and an enlarged original texture im- age
picture Qf corresponding to the enlarged original tex- 25 ture image If. In
step S27, the first combined texture image Ie and  the second combined
texture image Ig are combined with each WO 01/20555 PCT/JPOO/06137  -30
other according to the alpha blending process by the third  combining means
115, thus generating a third combined tex- ture image Ih, which is
represented by Ih = Ie + Ig for an  



easier understanding of the present invention. 5 The ratio a for the first
combined texture image Ie or  the second combined texture image Ig is set
to a suitable  value in the rang from 0 to 1, usually a value a = 0.5,
meaning the combining of images at a ratio of 1 : 1. The third combined
texture image Ih thus generated is  10 selected as a texture image Ij by
the third combining means  116. In step S28, the mapping means 120 maps the
texture  image Ij onto the shaped surface Op, thereby producing a  mapped
image Ik. For an easier understanding of the present invention,  15 the
mapped image Ik is produced by mapping the texture image  Ij, expressed by
the equation (2) shown below, onto the  shaped surface Op: Ij = Ih = Ie +
Ig = (Ib x Ia) + (Id x 13Ia) ... (2) 20 Since the enlargement ratio 3 for
enlarging the origi- nal texture image Ia is derived from the value
produced  based on the attributes Opa of the shaped surface Op, the  mapped
image Ik can express the texture of a mirror or metal  surface which has
surface irregularities in a manner similar  25 to bump mapping. FIG. 16
shows a third combined texture image picture  Qha corresponding to the
third combined texture image Ih, WO 01/20555 PCT/JPOO/06137  -31 produced
by combining the first combined texture image pic- ture Qeb (see FIG. 10)
corresponding to the first combined  texture image Ie and the second
combined texture image pic- 



ture Qg (see FIG. 15) corresponding to the second combined 5 texture image
Ig according to the alpha blending process.  FIG. 17 shows in function
block form an image process- ing (three-dimensional CG processing) program,
i.e., a tex- ture image generating function or a texture image generating
means, according to a second embodiment of the present in 10 vention,
performed by the rendering engine 70, which carries  out a rendering
process on a three-dimensional shape (3D  model) based on rendering
commands from the MPU 12, and the  MPU 12 and the GET 13 which control the
rendering engine 70. Those parts shown in FIG. 17 which are identical to
15 those shown in FIG. 2 are denoted by identical reference  characters,
and will not be described in detail below. The second embodiment differs
from the first embodiment  in that the enlarging means 110 according to the
first em- bodiment is replaced with a positionally displacing means 20 130.
The positionally displacing means 130 is supplied with  the original
texture image Ia and either the gray pattern  image Ib or the reversed gray
pattern image Id which is out- putted from the selecting means 106 but not
supplied to the 25 first combining means 108. The positionally displacing
means 130 is also supplied with the attributes Opa, which  include the
direction of a normal vector Vn, the direction WO 01/20555 PCT/JPOO/06137
-32 of a line-of-sight vector Vi, and the direction of an imagi- nary light
source vector V1, of the shaped surface Op shown  in FIG. 14. 



The positionally displacing means 130 outputs a posi- 5 tionally displaced
original texture image Ifa whose central  position has been displaced
upwardly, downwardly, left- wardly, and rightwardly by a desired number of
pixels, and a  positionally displaced gray pattern image or reversed gray
pattern image Ifd that is the gray pattern image Ib or re 10 versed gray
pattern image Id whose central position has been  displaced similarly, to
the second combining means 112. A specific example of an operation sequence
of the tex- ture image generating function according to the second em-
bodiment shown in FIG. 17, based on the image processing 15 program stored
in the OSDROM 26, will be described below  with reference to FIG. 18. FIG.
18 shows the operation sequence of the texture im- age generating function
or means shown in FIG. 17. The processing in step S31 through step S34
shown in  20 FIG. 18 is the same as the processing in step S21 through
step S24 shown in FIG. 13. Specifically, an original texture image Ia, a
gray pat- tern image Ib, and a reversed gray pattern image Id are read
from the image memory 74 respectively in steps S31, S32, 25 S33. In step
S34, the gray pattern image Ib, for example,  is combined with the original
texture image Ia according to  the alpha blending process by the first
combining means 108, WO 01/20555 PCT/JPOO/06137  -33 thus generating a
first combined texture image Ie (Ie = Ia x  Ib). In step S35, the
positionally displacing means 130  



positionally displaces the pixels of the original texture 5 image Ia by an
upward, downward, leftward, and rightward po- sitional displacement p
determined according to a value cal- culated based on attributes Opa, which
include the direction  of a normal vector Vn, the direction of a
line-of-sight vec- tor Vi, and the direction of an imaginary light source
vec 10 tor Vl, of a shaped surface Op shown in FIG. 14, e.g., the
direction of a vector obtained from a vector product of Vn,  Vi, V1, a
vector product of Vn, Vi, or a vector product of  Vn, Vl, and outputs a
positionally displaced original tex- ture image Ifa (Ifa = pIa). The
positional displacement p 15 can be selected as an arbitrary value
depending on the ac- tual original texture image Ia. Similarly, the
positionally displacing means 130 posi- tionally displaces the pixels of
the reversed original tex- ture image Id by the same positional
displacement p, and 20 outputs a positionally displaced reversed original
texture  image Ifd (Ifd = pId). Specifically, as shown in FIG. 19, if the
original tex- ture image Ia is to be displaced 2 pixels rightwardly and 2
pixels upwardly, then the positional displacement p is ex 25 pressed by p
(i, j) = p (2, 2), and the pixel data of a  pixel Ia32, for example, in the
original texture image Ia  becomes the pixel data of a pixel Ia14 in the
original tex WO 01/20555 PCT/JPOO/06137  -34 ture image Ia or the pixel
data of a pixel Ia32 in the posi- tionally displaced original texture image
pIa. Actually,  since the original texture image Ia has a size of several  



hundred pixels x several hundred pixels, the positionally 5 displaced
original texture image pIa is equivalent to the  original texture image Ia
whose center has been displaced.  Likewise, the pixel data of a pixel Id42,
for example, in the reversed original texture image Id becomes the pixel
data of a pixel Id24 in the reversed original texture image  10 Id. When
the reversed original texture image Id is thus positionally displaced, the
values of the alpha channel data  a are also displaced. In step S36, the
positionally displaced original pat- tern image Ifa (Ifa = pIa) and the
positionally displaced 15 gray pattern image Ifd (Ifd = pId) are combined
according to  the alpha blending process by the second combining means
112, thus generating a second combined positionally dis- placed texture
image Ig. For an easier understanding of the present invention,  20 the
second combined positionally displaced texture image Ig  is represented by
Ig = Ifa x Ifd = pIa x pId. In step S37, the first combined texture image
Ie and  the second combined texture image Ig are combined with each  other
according to the alpha blending process by the third 25 combining means
115, thus generating a third combined tex- ture image Ih, which is
represented by Ih = Ie + Ig for an  easier understanding of the present
invention. WO 01/20555 PCT/JPOO/06137  -35 The ratio a for the first
combined texture image Ie or  the second combined texture image Ig is set
to a suitable  value in the rang from 0 to 1, usually a value a = 0.5. 



The third combined texture image Ih thus generated is  5 selected as a
texture image Ij by the third combining means  116. In step S38, the
mapping means 120 maps the texture  image Ij onto the shaped surface Op,
thereby producing a  mapped image Ik. For an easier understanding of the
present invention,  10 the mapped image Ik is produced by mapping the
texture image  Ij, expressed by the equation (3) shown below, onto the
shaped surface Op: Ij = Ih = Ie + Ig = (Ib x Ia) + (pId x pIa)  ...(3)  15
Since the positional displacement p for positionally displacing the
original texture image Ia and the reversed  gray texture image Id is
derived from the value produced  based on the attributes Opa of the shaped
surface Op, the  mapped image Ik can simulatively express the texture of a
20 surface which has surface irregularities and reflects light  by way of
diffuse reflection. FIG. 20 shows a third combined texture image picture
Qhb corresponding to the third combined texture image Ih,  produced by
combining the first combined texture image pic 25 ture Qeb (see FIG. 10)
corresponding to the first combined  texture image Ie and a second combined
texture image picture  Qg' (not shown) corresponding to the second combined
texture WO 01/20555 PCT/JPOO/06137  -36 image Ig according to the alpha
blending process. The texture image generating function or means accord-
ing to the first embodiment shown in FIG. 2 and the texture  



image generating function or means according to the second 5 embodiment
shown in FIG. 17 may be combined with each other  such that the enlarging
means 110 shown in FIG. 2 is in- serted between the positionally displacing
means 130 and the  second combining means 112 shown in FIG. 17, thus
providing  a texture image generating function or means according to a 10
third embodiment of the present invention as shown in FIG.  21. The texture
image generating function or means accord- ing to the third embodiment is
capable of producing a tex- ture image expressing a nonsmooth surface more
effectively  based on a combination of the enlargement and positional 15
displacement of images. Images can be enlarged and positionally displaced
si- multaneously. Specifically, a polygon that is a shaped surface Op on-
to which a texture image is mapped has a normal vector N (X,  20 Y, Z)
having different components in a three-dimensional co ordinate system at
the coordinates of each of the vertexes  of the shaped surface. It is
assumed that the texture image has a size of U  pixels x V pixels = 256
pixels x 256 pixels, for example. 25 The X component (normalized in a range
from - 1 to 1) of the  normal vector at the time the polygon is converted
into a  polygon in a screen coordinate system is multiplied by 0 WO
01/20555 PCT/JPOO/06137  -37 (e.g., 0.2) x U (256), producing a value OU,
and a value (u +  OU) produced by adding the value OU to a value u (ranging
from 0 to 255 on the U-axis) of the texture image is used as  



a new value u. 5 The Y component (normalized in a range from - 1 to 1)  of
the normal vector at the time the polygon is converted  into a polygon in
the screen coordinate system is multiplied  by 0 x V (0.2 x 256), producing
a value 0V, and a value (v +  OV) produced by adding the value 0V to a
value v (ranging 10 from 0 to 255 on the V-axis) of the texture image is
used as  a new value v. In this manner, it is possible to produce an
adequately  effective image. Since the enlargement ratio (reduction ra- tio
or positional displacement) 0 depends on the rendering 15 apparatus
involved, the 3D rendering algorithm, and the co- ordinate system used, the
enlargement ratio largely differs  from system to system. According to
another embodiment of the present inven- tion, the concept that the
reversed gray pattern image Id is  20 related to the gray pattern image Ib
as a negative and a positive are a reversal of each other is applied to a
gray  pattern image Ib having gradation values ranging from 0 to  255 which
is divided into three or more gray pattern images.  If the gray pattern
image Ib is divided into three gray pat 25 tern images, for example, then
pixel values are distributed  in a negative-positive reversal manner on
opposite sides of  the boundaries of the three areas. On opposite sides of
WO 01/20555 PCT/JPOO/06137  -38 each of the boundaries, the pixel values
progressively in- crease toward and progressively decrease from the
boundary.  However, if the boundary is at a position "0", then the  



pixel values only progressively increase toward the bound 5 ary, and if the
boundary is at a position "255", then the  pixel values only progressively
decrease from the boundary.  Such three gray pattern images are combined
with the origi- nal texture image Ia at suitable ratios, respectively, a
more effective image can be produced. 10 A process of processing a gray
pattern image Ib having  gradation values ranging from 0 to 255 to divide
it into  five gray pattern images will be described below with refer- ence
to FIG. 22. The process shown in FIG. 22 is a specific example of a  15
texture image generating function or means (an original tex- ture image
processing function and a gray pattern image processing function). Such an
original texture image proc- essing function and a gray pattern image
processing function  are stored as a program in the OSDROM 26, for example.
20 As indicated by the gray pattern image picture Qb in  FIG. 5, the gray
pattern image Ib comprises monochromatic  image data having differently
shaded regions in different  two-dimensional positions (xy positions). In
the example shown in FIG. 22, an image storing means  25 comprises a memory
buffer 150 shown in FIG. 23 which in- cludes 256 pixels in the x direction
(for the ease of flow- charting, x coordinates span a width Width = 255
(256 - 1)) WO 01/20555 PCT/JPOO/06137  -39 and 256 pixels in the y
direction (for the ease of flow- charting, y coordinates span a height
Height = 255 (256 - 1)), and hence have a total number of 65536 pixels. The



memory buffer 150 comprises a portion of the image memory  5 74. Each of
the pixels (x, y) of the memory buffer 150  stores gray gradation data
(also referred to as "pixel data"  or "pixel values") each having a value
ranging from 0 to  255. Although the gray pattern image Ib may have image
data 10 representing the gray pattern image picture Qb shown in FIG.  5,
the gray pattern image Ib in this example comprises a  gray pattern image
SrcAlpha[y][x], to be divided, whose lu- minance, as shown in FIG. 24, is
of a maximum level of 255  at an uppermost and leftmost pixel (0, 0),
becomes progres 15 sively lower downwardly to the right, is of an
intermediate  level 127 on a diagonal line interconnecting a pixel (255,
0) and a pixel (0, 255), further becomes progressively lower  downwardly to
the right, and is of a minimum level of 0 at a  lowermost and rightmost
pixel (255, 255). 20 In the example shown in FIG. 22, therefore, the gray
pattern image SrcAlpha[y][x] shown in FIG. 24 is stored in  the memory
buffer 150. In step S41 shown in FIG. 22, the division number NL,  i.e.,
the number of divisions into which the gray pattern  25 image
SrcAlpha[y][x] is to be divided, is set to NL = 5. The division number NL
is a parameter for processing the  pixel values (which are luminance
values, but may also be WO 01/20555 PCT/JPOO/06137  -40 regarded as shade
values) stored in the coordinates (memory  addresses) xy of the single gray
pattern image SrcAl- pha[y][x] according to a desired algorithm to divide
the  



gray pattern image SrcAlpha[y][x] into a plurality of (five 5 in this
example) processed gray pattern images DstAl- pha[i][y][x]. The symbol [i]
in the processed gray pattern images  DstAlpha[i][y][x] represents the
order i (i = 0, 1, 2, 3, 4:  five divisions) of the division number NL. 10
In step S42, the order i is set to i = 0 in order to  select the first gray
pattern images DstAlpha[i][y][x].  Then, a gradation number range Range
that can be em ployed in each division range is determined according to the
following fourth equation (4): 15 Range = 256/(NL - 1) (4) At this time,
the gradation number range Range is de- termined as Range = 256/(5 - 1) =
64. Then, a peak value Peak in each division range is de- termined
according to the following fourth equation (5):  20 Peak = i x 256/(NL - 1)
... (5) At this time, the peak value Peak is determined as Peak  0 x 256/(5
- 1). In steps S45, S46, initial y, x coordinates with which  to refer to
the pixel data in the gray pattern image SrcAl- 25 pha are set to y = 0, x
= 0, i.e., xy = (0, 0). In step S47, a condition is judged according to the
following equation (6): WO 01/20555 PCT/JPOO/06137  -41 Range <
abs(SrcAlpha[y][x] - Peak) (6)  Specifically, in step S47, it is determined
whether the  absolute value of a value produced by subtracting the peak  



value Peak from the pixel value stored in the gray pattern 5 image
SrcAlpha[y][x] is smaller than the gradation number  range Range or not. In
a first cycle, since the value produced by subtract- ing the peak value
Peak = 0 from the pixel value = 255 (see  FIG. 24) stored in the gray
pattern image SrcAlpha[y][x] is 10 255, and the gradation number range
Range is Range = 64, the  inequality (6) is satisfied as 64 < abs (255 -
0). At this time, the coordinates (memory address) xy of  the divided gray
pattern images DstAlpha[i][y][x] store the  pixel value according to the
following equation (7): 15 DstAlpha[i][y][x] <- 0 ... (7) At this time, the
gray pattern images DstAlpha[0][0][0]  is stored. In step S50, the value of
the x coordinate is incre- mented by 1, and used as a new x coordinate. In
step S51,  20 it is determined whether the new x coordinate (x = x + 1) is
smaller than the width Width = 255 or not. Since the x coordinate is x = 1
at this time, control  goes back to step S47 to judge the condition
according to  the inequality (6). 25 As can be understood from FIG. 24,
when the y coordi- nate of the gray pattern image SrcAlpha[y][x] is y = 0,
the  gray pattern image SrcAlpha[0][x] is greater than 126, and WO 01/20555
PCT/JPOO/06137  -42 hence the condition in step S47 is not satisfied. In
step  S48, the value of "0" is stored in all the first gray pat- tern image
DstAlpha[0][0][x] in the first line (y = 0). 



When the x coordinate becomes x = 255, the condition in  5 step S51 is
satisfied. In step S52, the y coordinate is in- cremented by 1. At this
time, the x coordinate is set to y  = 1. In step S53, it is determined
whether the incremented y  coordinate is smaller than the height Height =
255 or not.  10 Since the y coordinate is y = 1 at this time, the condition
in step S53 is satisfied (1 < 255), control goes back to  step S46 to set
the x coordinate in the second row and the  first column to x = 0.
Subsequently, the coordinate values are successively  15 scanned. In the
gray pattern image SrcAlpha[y][x] shown in  FIG. 24, the condition
according to the inequality in step  S47 becomes unsatisfied for the first
time when 64 < abs (63  - 0). It can be estimated from FIG. 24 that the
condition  according to the inequality in step S47 becomes unsatisfied 20
for the first time when the y coordinate is y = 128 and the  x coordinate
is x = 255. At this time, the coordinates xy =  (255, 128) = 63 =
SrcAlpha[128][255]. Before the condition  according to the inequality in
step S47 becomes satisfied,  all the x, y coordinates have been processed
in step S48, 25 and hence the gray pattern DstAlpha[0][y][x] is of the
value  of "0" (black). If the condition in step S47 is not satisfied, then
WO 01/20555 PCT/JPOO/06137  -43 control goes to step S49 in which the
processing according  to the following equation (8) is carried out:
DstAlpha[i][y][x] - 255 x (Range - abs(SrcAlpha 



[y][x] - Peak))/Range ... (8) 5 Inasmuch as 255 x (64 - abs(63-0))/64 - 4,
the value of  "4" is stored in the first gray pattern image DstAl-
pha[0][128][255]. Similarly, at the coordinates xy = (0, 255) = 127, the
gray pattern image DstAlpha[01[255][0] is caused to have the  10 value of
"0" according to the processing in step S48, and at the coordinates xy =
(255, 255) = 0, since 255 x (64 - abs(0  - 0))/64 = 255 according to the
processing in step S49, the  gray pattern image DstAlpha[0][255][255] is
caused to have  the value of "255". 15 When the condition in step S53 is
not satisfied, there- fore, the pixel values of the first gray pattern
image  DstAlpha[i][y][x] (i = 0) are determined as shown in FIG.  25. Image
pictures of the original gray pattern SrcAl- 20 pha[y][x] and the divided
gray pattern DstAlpha[i][y][xl,  i.e., their image pictures displayed on
the display monitor,  will be described below. The gray pattern image
SrcAlpha[y][x] shown in FIG. 24  is displayed as a gray pattern image
picture ISrcAlpha[y][x]  25 shown in FIG. 26. In FIG. 26, the displayed
gray pattern image picture  ISrcAlpha[y][x] is black in its lower right
area, becomes WO 01/20555 PCT/JPOO/06137  -44 successively dark gray,
medium gray, and light gray from the  black area in the directions
indicated by the arrows, and is  white in its upper left area. 



The first divided gray pattern image DstAlpha[0][y][x]  5 shown in FIG. 25
is displayed as a gray pattern image pic- ture IDstAlpha[0][y][x] shown in
FIG. 27. In FIG. 27, the  displayed gray pattern image picture
IDstAlpha(0][y][x] is  black (value of "0") in about 7/8 of the entire area
from  the upper left area downwardly to the right, becomes succes 10 sively
dark gray, medium gray, and light gray from the black  area in the
directions indicated by the arrows, and is white  in its lower right area.
It can be understood that the divided gray pattern im- age
DstAlpha[0][y][x] is a processed gray pattern image that  15 is produced by
converting the original gray pattern image SrcAlpha[y][x] according to the
desired shade converting al- gorithm shown in FIG. 22. Then, a second
divided gray pattern image DstAl- pha[1][y][x] is generated. 20 When the
generation of the first divided gray pattern  image DstAlpha[0][y][x] is
finished, i.e., when the condi- tion in step S53 is not satisfied, the
order i is incre- mented by 1 in step S54, so that i = 2. When i = 2, the
condition in step S55 is satisfied, and  25 the processing in step S44 and
following steps is performed  in a next cycle. In this cycle, the pixel
values of the second gray pat WO 01/20555 PCT/JPOO/06137  -45 tern image
DstAlpha[1][y][x] whose shades are changed from  those of the gray pattern
image SrcAlpha[y][x] are deter- mined in the same manner as described
above. 



When the condition in step S55 is finally unsatisfied,  5 first through
fifth divided gray pattern images DstAl- pha[i][y][x] have been generated.
The relationship between the gray pattern image SrcAl- pha[y][x] to be
divided and the divided gray pattern image  DstAlpha[i][y][x] will be
described below with reference to  10 FIGS. 28A through 28F. As can be seen
from FIG. 24, the gray pattern.image  SrcAlpha[y][x] to be divided is
represented as a straight  curve extending progressively upwardly to the
right, in a  graph shown in FIG. 28A which has a horizontal axis indica 15
tive of pixel positions along a diagonal line extending from  the lowermost
and rightmost pixel to the uppermost and left- most pixel, and a vertical
axis indicative of pixel values.  The horizontal axis of the graph shown in
each of FIGS. 28A  through 28F represents the length of a diagonal line of
the 20 square shape shown in FIGS. 29A through 29F, which is stan- dardized
by 256 values representing positions. As can be seen from FIGS. 25 and 27,
the first divided  gray pattern image DstAlpha[0][y][x] has a peak value
Peak =  0 and a gradation number range Range = 64, and represents 25 the
graph shown in FIG. 28B. The second divided gray pattern image
DstAlpha[1][y][x]  has a peak value Peak = 64 and a gradation number range
WO 01/20555 PCT/JP0O/06137  -46 Range = 64, and represents the graph shown
in FIG. 28C. The third divided gray pattern image DstAlpha[2][y][x]  has a
peak value Peak = 128 and a gradation number range  



Range = 64, and represents the graph shown in FIG. 28D. 5 The fourth
divided gray pattern image DstAlpha[3][y][x]  has a peak value Peak = 192
and a gradation number range  Range = 64, and represents the graph shown in
FIG. 28E. The fifth divided gray pattern image DstAlpha[4][y][x]  has a
peak value Peak = 255 and a gradation number range  10 Range = 64, and
represents the graph shown in FIG. 28F. The relationship between the gray
pattern image picture  ISrcAlpha[y][x] to be divided based on the gray
pattern im- age SrcAlpha[y][x] to be divided and the divided gray pat- tern
image picture IDstAlpha[i][y][x] to be divided based on 15 the divided gray
pattern image DstAlpha[i][y][x] will be de- scribed below with reference to
FIGS. 29A through 29F. In each of FIGS. 29A through 29F, the crosshatched
re- gion is a darkest region, the closely hatched region is a  next darkest
region, the coarsely hatched region is a rela 20 tively bright region, and
the non-hatched region is a  brightest region. Practically, each of these
regions repre- sents a gradation whose luminance is gradually lowered from
the brightest region toward the darkest region. The process of dividing the
gray pattern image SrcAl- 25 pha[y][x] as shown in FIG. 22 is applicable to
the gray pat- tern image Ib as the image data of the gray pattern image
picture Qb shown in FIG. 5. If the dividing process is ap WO 01/20555
PCT/JPOO/06137  -47 plied to the gray pattern image Ib, then the divided
gray  pattern image DstAlpha[i][y][x] which is produced contains a
considerable range of variations. 



If the dividing process based on the simple calcula 5 tions is employed,
then the operator is only required to set  the division number NL to values
of 2 or more, i.e., NL = 2,  3, 4, 5, 6, and it will automatically be
possible to  obtain various different gray pattern images DstAl-
pha[i][y][x] through calculations. 10 If the division number NL is set to
NL = 2, then it is  possible to obtain the reversed gray pattern image Id
which  is the reversal of the gray pattern image Ib. In this case,  the
dividing process serves as the reversing means 102 (see  FIG. 2). 15 FIG.
30 shows an image processing apparatus 200 accord- ing to a fourth
embodiment of the present invention. The  image processing apparatus 200
can be implemented by either  software or hardware. As shown in FIG. 30,
the image processing apparatus 200  20 has an original texture image
processing means 214 compris- ing an enlarging means 110, whose enlargement
ratio includes  x 1, for generating and outputting various enlarged color
images from an original texture image Ia that is a color im- age, and a
positionally displacing means 130 for position 25 ally displacing the
original texture image Ia or the  enlarged texture image outputted from the
enlarging means  110. WO 01/20555 PCT/JPOO/06137  -48 The image processing
apparatus 200 also has a gray pat- tern image processing means 216
comprising a dividing means  206 for dividing a gray pattern image SrcAlpha
[y][x] into  



two or more images to generate various gray pattern images 5
DstAlpha[i][y][x], e.g., a means for executing the algorithm  shown in FIG.
22, an enlarging means 110A, whose enlargement  ratio includes x 1, for
enlarging and outputting the gray  pattern image SrcAlpha [y][x] or the
gray pattern image  DstAlpha[i][yl[xl outputted from the dividing means
206, and 10 a positionally displacing means 130A for positionally dis-
placing the gray pattern image SrcAlpha [y][x] or the en- larged gray
pattern image outputted from the enlarging means  110A. The image
processing apparatus 200 further includes a  15 combining means (texture
image generating means) 212 for se- lectively combining seven input images
which include three  input images from the original texture image
processing  means 214 and four input images from the gray pattern image
processing means 216, and a mapping means 120 for mapping a 20 texture
image Ij onto a shaped surface Op. The three input images from the original
texture image  processing means 214 include the original texture image Ia,
the enlarged color image from the enlarging means 110, and  the
positionally displaced image from the positionally dis 25 placing means
130. The four input images from the gray pat- tern image processing means
216 includes the gray pattern  image SrcAlpha [y][x], the gray pattern
image DstAl WO 01/20555 PCT/JPOO/06137  -49 pha[i][y][x] from the dividing
means 206, the enlarged gray  pattern image from the enlarging means 110A,
and the posi- tionally displaced gray pattern image from the positionally  



displacing means 130A. 5 The enlargement ratios, which include x 1, in the
en- larging means 110, 110A, the positional displacements in the
positionally displacing means 130, 130A, and the division  number NL in the
dividing means 206 may be selected ac- cording to the attributes Opa of the
shaped surface Op or a 10 random number generated by a random number
generator (not  shown). With the image processing apparatus 200 shown in
FIG.  30, at least one of images produced when the original tex- ture image
Ia read from the image memory 74 or the like is 15 processed by the
original texture image processing means  214, and at least one of images
produced when the gray pat- tern image SrcAlpha [y][x] having different
shades in dif- ferent positions and read from the image memory 74 or the
like is processed by the gray pattern image processing means 20 216 are
selectively combined with each other by the combin- ing means 212 to
generate a texture image Ij. Therefore,  the image processing apparatus 200
can generate various dif- ferent texture images Ij. When the mapping means
120 maps the texture image Ij  25 onto the shaped surface Op, the image
processing apparatus  200 produces a mapped image Ik expressing the texture
of a  mirror or metal surface which has surface irregularities. WO 01/20555
PCT/JPOO/06137  -50 The image processing apparatus 200 can produce various
dif- ferent mapped images Ik with a relatively simple arrange- ment. 



According to the present invention, as described above,  5 an original
texture image and a gray pattern image having  differently shaded regions
in different positions and/or a  reversed gray pattern image that is a
reversal of the gray  pattern image are combined with each other thereby to
gener- ate a texture image. Therefore, the texture image as a spe 10 cial
image can easily be generated with a relatively simple  arrangement or
processing sequence. The texture image thus  generated can express a
nonsmooth texture. The texture image may be enlarged according to a value
calculated based on the direction of a normal vector, the 15 direction of a
line-of-sight vector, and the direction of an  imaginary light source
vector of a shape surface such as a  polygon, a quadratic surface, or the
like, and may be com- bined with the gray pattern image or the reversed
gray pat- tern image to generate a texture image which expresses a re- 20
alistic nonsmooth texture. The original texture image, as well as the gray
pattern  image or the reversed gray pattern image, may be position- ally
displaced upwardly, downwardly, leftwardly, and right- wardly according to
a value calculated based on the direc 25 tion of a normal vector, the
direction of a line-of-sight  vector, and the direction of an imaginary
light source vec- tor of a shape surface such as a polygon, a quadratic sur
WO 01/20555 PCT/JPOO/06137  -51 face, or the like, and may be combined with
the gray pattern  image or the reversed gray pattern image to generate a
tex- ture image which expresses a realistic nonsmooth texture. 



The above enlarging process and the above positionally  5 displacing
process may be combined with each other to gener- ate a texture image which
expresses a more realistic  nonsmooth texture. According to the present
invention, a special texture  image and various different texture images
can easily be  10 generated with a relatively simple arrangement. Conse
quently, textures can easily be expressed. Although certain preferred
embodiments of the present  invention have been shown and described in
detail, it should  be understood that various changes and modifications may
be  15 made therein without departing from the scope of the ap pended
claims. WO 01/20555 PCT/JPO0/06137  -52 CLAIMS  1. An apparatus for
processing an image, comprising:  original texture image storing means (74)
for storing  5 an original texture image (Ia); gray pattern image storing
means (74) for storing a  gray pattern image (Ib) having differently shaped
regions in  different positions; and texture image generating means (108)
for combining said  10 original texture image and said gray pattern image
with each  other thereby to generate a texture image. 2. An apparatus for
processing an image, comprising:  original texture image storing means (74)
for storing  15 an original texture image (Ia); reversed gray pattern image
storing means (74) for  



storing a reversed gray pattern image (Id) having pixel  shades which are a
reversal of pixel shades of a gray pat- tern image (Ib) having differently
shaped regions in differ- 20 ent positions; and texture image generating
means (108) for combining said  original texture image and said reversed
gray pattern image  with each other thereby to generate a texture image. 25
3. An apparatus for processing an image, comprising:  original texture
image storing means (74) for storing  an original texture image (Ia); WO
01/20555 PCT/JPOO/06137  -53 gray pattern image storing means (74) for
storing a  gray pattern image (Ib) having differently shaped regions in
different positions; reversed gray pattern image storing means (74) for  5
storing a reversed gray pattern image (Id) having pixel  shades which are a
reversal of pixel shades of said gray  pattern image; and texture image
generating means (108), (110), (112),  (115) for generating a texture image
(Ih) based on said  10 original texture image, said gray pattern image, and
said reversed gray pattern image; said texture image generating means
comprising means  for combining said original texture image with either one
of  said gray pattern image and said reversed gray pattern image 15 to
generate a first combined image (Ie), thereafter combin- ing an image
produced by enlarging said original texture im- age with the other one of
said gray pattern image and said  



reversed gray pattern image to generate a second combined  image (If), and
combining said first combined image and said 20 second combined image with
each other to generate said tex- ture image (Ih). 4. An apparatus according
to claim 3, wherein said tex- ture image generating means comprises means
for enlarging 25 said original texture image according to a value
calculated  based on at least one (Opa) of the direction of a normal
vector, the direction of a line-of-sight vector, and the di WO 01/20555
PCT/JPOO/06137  -54 rection of an imaginary light source vector, of a
shaped  surface (Op) onto which said texture image is mapped. 5. An
apparatus for processing an image, comprising:  5 original texture image
storing means (74) for storing  an original texture image (Ia); gray
pattern image storing means (74) for storing a  gray pattern image (Ib)
having differently shaped regions in  different positions; 10 reversed gray
pattern image storing means (74) for  storing a reversed gray pattern image
(Id) having pixel  shades which are a reversal of pixel shades of said gray
pattern image; and texture image generating means (108), (130), (112),  15
(115) for generating a texture image (Ih) based on said  original texture
image, said gray pattern image, and said  reversed gray pattern image; said
texture image generating means comprising means  for combining said
original texture image with either one of  



20 said gray pattern image and said reversed gray pattern image to generate
a first combined image (Ie), thereafter combin- ing an image produced by
positionally displacing said origi- nal texture image with the other one of
said gray pattern  image which is positionally displaced and said reversed
gray 25 pattern image which is positionally displaced to generate a  second
combined image (Ig), and combining said first com- bined image and said
second combined image with each other WO 01/20555 PCT/JPOO/06137  -55- to
generate said texture image. 6. An apparatus according to claim 5, wherein
said tex- ture image generating means comprises means for positionally  5
displacing said original texture image according to a value calculated
based on at least one (Opa) of the direction of a  normal vector, the
direction of a line-of-sight vector, and  the direction of an imaginary
light source vector, of a  shaped surface (Op) onto which said texture
image is mapped.  10 7. A recording medium storing a program, said program
comprising the steps of: (Si), (S2) reading an original texture image (Ia)
and a  gray pattern image (Ib) having differently shaped regions in  15
different positions; and (S3) combining said original texture image and
said  gray pattern image to generate a texture image (Ih). 8. A recording
medium storing a program, said program  20 comprising the steps of: (S11),
(S12) reading an original texture image (Ia) and  



a reversed gray pattern image (Id) having pixel shades which  are a
reversal of pixel shades of a gray pattern image (Ib)  having differently
shaped regions in different positions; 25 and (S13) combining said original
texture image and said  reversed gray pattern image to generate a texture
image. WO 01/20555 PCT/JP0O/06137  -56 9. A recording medium storing a
program, said program  comprising the steps of: (S21), (S22), (S23) reading
an original texture image  (Ia), a gray pattern image (Ib) having
differently shaped 5 regions in different positions, and a reversed gray
pattern  image (Id) having pixel shades which are a reversal of pixel
shades of said gray pattern image; and (S24) - (S27) generating a texture
image (Ih) based on  said original texture image, said gray pattern image,
and  10 said reversed gray pattern image; said step of generating the
texture image comprising  the steps of: (S24) combining said original
texture image with  either one of said gray pattern image and said reversed
gray  15 pattern image to generate a first combined image; (S25) enlarging
said original texture image to  generate an enlarged image; (S26) combining
the enlarged image with the other  one of said gray pattern image and said
reversed gray pat- 20 tern image to generate a second combined image; and
(S27) combining said first combined image and said  



second combined image with each other to generate said tex- ture image. 25
10. A recording medium according to claim 9, wherein  said step of
enlarging said original texture image comprises  the step of: WO 01/20555
PCT/JPOO/06137  -57 enlarging said original texture image according to a
value calculated based on at least one (Opa) of the direc- tion of a normal
vector, the direction of a line-of-sight  vector, and the direction of an
imaginary light source vec 5 tor, of a shaped surface (Op) onto which said
texture image  is mapped. 11. A recording medium storing a program, said
program  comprising the steps of: 10 (S31), (S32), (S33) reading an
original texture image  (Ia), a gray pattern image (Ib) having differently
shaped  regions in different positions, and a reversed gray pattern  image
(Id) having pixel shades which are a reversal of pixel  shades of said gray
pattern image; and 15 (S34) - (S37) generating a texture image (Ih) based
on  said original texture image, said gray pattern image, and  said
reversed gray pattern image; said step of generating the texture image
comprising  the steps of: 20 (S34) combining said original texture image
with  either one of said gray pattern image and said reversed gray  pattern
image to generate a first combined image; (S35) positionally displacing
said original tex- 



ture image to generate a positionally displaced image; 25 (S36) combining
said positionally displaced image  with the other one of said gray pattern
image which is posi- tionally displaced and said reversed gray pattern
image WO 01/20555 PCT/JPOO/06137  -58 which is positionally displaced to
generate a second com- bined image; and (S37) combining said first combined
image and said  second combined image with each other to generate said tex
5 ture image. 12. A recording medium according to claim 11, wherein  said
step of positionally displacing said original texture  image comprises the
step of: 10 positionally displacing said original texture image ac- cording
to a value calculated based on at least one (Opa) of  the direction of a
normal vector, the direction of a line- of-sight vector, and the direction
of an imaginary light  source vector, of a shaped surface (Op) onto which
said tex- 15 ture image is mapped. 13. A program comprising the steps of:
(S11), (S12) reading an original texture image (Ia) and  a reversed gray
pattern image (Id) having pixel shades which  20 are a reversal of pixel
shades of a gray pattern image (Ib) having differently shaped regions in
different positions;  and (S13) combining said original texture image and
said  reversed gray pattern image to generate a texture image.  25 



14. An apparatus for processing an image, comprising:  original texture
image storing means (74) for storing WO 01/20555 PCT/JPOO/06137  -59- an
original texture image (Ia); original texture image processing means (214)
for proc- essing said original texture image to generate a processed
original texture image; 5 gray pattern image storing means (74) for storing
a  gray pattern image having differently shaped regions in dif- ferent
positions, gray pattern image processing means (216) for process- ing said
gray pattern image to generate a processed gray  10 pattern image; and
texture image generating means (212) for combining said  original texture
image or said processed texture image with  said gray pattern image and/or
said processed gray pattern  image to generate a texture image. 15 15. An
apparatus according to claim 14, wherein said  original texture image
processing means {214 (110), (130))  comprises means for enlarging and/or
positionally displacing  said original texture image to generate said
processed 20 original texture image, and said gray pattern image process-
ing means (216 (206), (110A), (130A)) comprises means for  performing at
least one of processes of converting the  shades of said gray pattern image
according to a shade con- verting algorithm, enlarging said gray pattern
image, and 25 positionally displacing said gray pattern image to generate  



said processed gray pattern image. WO 01/20555 PCT/JPOO/06137  -60 16. A
recording medium storing a program, said program  comprising the steps of:
reading an original texture image (Ia) and a gray pat- tern image (Ib)
having differently shaped regions in differ- 5 ent positions; processing
said original texture image to generate a  processed original texture
image; processing said gray pattern image to generate a proc- essed gray
pattern image; and 10 combining said original texture image or said
processed  texture image with said gray pattern image and/or said proc-
essed gray pattern image to generate a texture image. 17. A recording
medium according to claim 16, wherein  15 said step of processing said
original texture image com- prises the step of enlarging and/or
positionally displacing  said original texture image to generate said
processed  original texture image, and said step of processing said  gray
pattern image comprises the step of performing at least 20 one of processes
of converting the shades of said gray pat- tern image according to a shade
converting algorithm,  enlarging said gray pattern image, and positionally
displac- ing said gray pattern image to generate said processed gray
pattern image. 25 18. A program comprising the steps of: reading an
original texture image (Ia) and a gray pat 



WO 01/20555 PCT/JPOO/06137  -61 tern image (Ib) having differently shaped
regions in differ- ent positions; processing said original texture image to
generate a  processed original texture image; 5 processing said gray
pattern image to generate a proc- essed gray pattern image; and combining
said original texture image or said processed  texture image with said gray
pattern image and/or said proc- essed gray pattern image to generate a
texture image. 10 19. A program according to claim 18, wherein said step
of processing said original texture image comprises the step  of enlarging
and/or positionally displacing said original  texture image to generate
said processed original texture 15 image, and said step of processing said
gray pattern image  comprises the step of performing at least one of
processes  of converting the shades of said gray pattern image accord- ing
to a shade converting algorithm, enlarging said gray  pattern image, and
positionally displacing said gray pattern 20 image to generate said
processed gray pattern image. 




