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The present invention relates to an image processing apparatus for use as
a CG (Compmibrzos&¥ aphi cs) processing ap- paratus for mappi METARERIET e | mage
onto a shaped surface 10 such as a polygon, a quadratic surface, or the
like to ren- der a shape having a patfern or a texture, especially a sur-
face irregularity texture, a recording nediumstoring a pro- gramfor such
an i mage processing process, and such a pro- gram 15 Background Art One
rendering techni que known as bu [ roduces the appearance of a
nonsnoot h surface by angularly g@?gggg?&gﬁ§ the vectors of normals that
represent the gradients of 20 small facets that jointly nake up a snooth
surface. Bunp mapping i s advantageous because it can produce a
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plicated in that it needs to be inplenmented by perturbing the normnal
veétor of each small facet. Another problemof the conventional bunp
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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 technigue 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-



ess is that it fails to express the texture of a mrror or nmetal surface
whi ch has surface irregularities. Disclosure of Invention 5 It is therefore
an obj ecwmé1/20b85 present invention to provide an inmage prREEFID/AE3T
apparatus, a recording nedium and a program which make it possible to
express a nonsnmooth surface with a sijyipl e arrangenment or processing
sequence. Anot her object of the present invention is to provide 10 an

i mage prQeessl RYL2PRR #h4Ss &d QGG ;/gy ﬁiﬁgﬁt\%ﬁj@f PIROEASR WY ch make

it possible to a special 1nmage easi a si e arrangenment. Still

anot her ol 8¢t 0% A1 (Bi e} RHad WEHIAN irrddui e an image processing
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apparatus, a recordi ng nedi um program are capabl e of
expressing the texture of a mirror or netal surface which has surface
irregularities. According to an aspect of the present invention, there is

provideqn%QﬂQBQ&%g%&sIggknﬂﬁgﬁpssing an image, conprising original texture
i mage storing neans for storing an original 20 texture image, gray pattern
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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



by the shades of the gray pattern image. As a result, a special inmage can
easily be generated with a sinple arrange- nent or processing sequence. 5
The ori gwab1/2085& ure i mage nmay alternatively be com bi nedPGTrAiPO0&6I3Ever sed
gray pattern inmage having pi xel shades which are a reversal of pixe
shades of the gray pattern im age. JBe original texture inmage may further
alternatively be 10 conbined with both a gray pattern inmage havi ng
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i ne- Ofaﬁhght vector, and the direction of an

The original texture image may further alfernatively 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-



I magi nary |ight source vector, of a shaped surface onto which the texture
I mge i s mapped. The shaped surface thus represents a realistic nonsnooth
surface. woh@/ebssped sur 5 face may be a pol ygon, a quadr atRGT/Ee6D6IGE, or
the like. |If the original texture inmage is conbined with both a gray
pattern image having differently shapgd regions in dif- ferent positions
and a reversed gray pattern inmage having pixel shades which are a reversa
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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



surface onto which the texture inmage is mapped. The shaped surface thus
represents a realistic nonsnooth surface. The shaped surface may be a
pol ygon, woquadsati c surface, or the 5 |like. Accordi ng anBCHEP004EIPEct of
the present invention, there is provided a recording nmediumstoring a
program the program conprising the_gteps of reading an original texture
I mge and a gray pattern image having differently shaped re 10 gions in

di fferent Ltiong .an T . g al Urgr irage, t he gray
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al terna\tili.]\ﬁel y be conbined with a reversed gray pattern i mage havi ng pi xel
shades ' are a reversal of pixel shades of the gray pattern inmage. In
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image and a gray pattern image having differenfly 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-



of the gray pattern image. The original texture image is conbined with
either one of the gray pattern inmage and the reversed gray pattern inmage

t o genergiomiofssr st combined i m5 age, thereafter an i magequipoueas’ by
enlarging the original texture inmage is conbined with the other one of the
gray pattern inmage and the reverseq4gfay pattern inmage to gener- ate a
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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-



the original texture image is conbined with the other one of the gray
pattern image which is positionally displaced and the reversed gray
pattern womngeosshi ch is positionally dis 5 placed to gener ®CF/IR&E3Fhd

conbi ned i mage, and the first conbined i mge and the second conbi ned i nage
are conbined wth each other to genejate the texture image. The texture

I mge thus generated is capable of express- ing the texture of a nonsnooth
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ing the texture of a nonsmooth surface which réflects 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-



versed gray pattern inmage represents the original texture inmage as
nodul at ed by the shades of the gray pattern inage. As a result, a special
i mage cawe@gobss be generated with a 5 sinple arrangenentRCTABRSOPEBHg t o
yet anot her aspect of the present inven- tion, there is provided an
apparatus for processing an im age, _gonprising original texture inage
storing neans for storing an original texture image, original texture

| mge 10 R0 %ﬁ%&mgs the! oRiQaeeS NBLhE O inligRlad Xl &dmge to

generate a processed original texture inmage, gray pattern inage storing
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storing an original texture image, original tekture 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



generate the processed original texture imge, and the gray pattern inage
processi ng neans may performat |east one of processes of converting the
shades ofotoiogsay pattern image 5 according to a shade c®aTSPOG/F6d37
algorithm enlarging the gray pattern inmage, and positionally displacing
the gray pattern inmage to generate tdie processed gray pattern inmage. The
original texture inmage may be enlarged at an enlargenent ratio including x
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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.



conprise the step of enlarging and/or positionally displac- ing the
original texture inmage to generate the processed original texture inage,
and t he syvepi/edssprocessing the gray 5 pattern i nage may coP@F/IR®/0613¢ st ep
of perform ng at |east one of processes of converting the shades of the
gray pat- tern image according to a §??ge converting algorithm enlarging
the gray pattern imge, and positionally displac- ing the gray pattern
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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



In the above program the step of processing the origi- nal texture inage
may conprise the step of enlarging and/or positionally displacing the

ori gi nal whayhtdse i mage to gener 5 ate the processed ori gi ®aT/JPensid’=e i mage,
and the step of processing the gray pattern i mage nmay conprise the step of
performng at |east one of processes;9f converting the shades of the gray
pattern i mage according to a shade con- verting algorithm enlarging the
gray patt [ a0 positionally displacing the gray pattern image
to gemﬁ%ﬁg;gtigﬁﬁg%cesgéd gray pattern inmage. The original texture im age
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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-



FIG 6 is a diagramof inmage data of the gray pattern inmage; 5 FIG 7 is a
di agram of inmage data of a conbined i mage produced by a al pha bl endi ng
process; w 68208551 S a vi ew showi ng a reversed gray pattern BQTAE0/061BTG 9 i s
a flowhart of a first specific exanple of an operation sequence of the
texture inmage generating function 1G-or neans shown in FIG 2; FIG 10 is
a view showing a first conbined texture im age picture; FIG 11 is a

fl owchagt-9f iRaggcond specific exanple of the operation sequence of the
texture 1 mage generating func- 15 tion or neans shown in FIG 2; FIG 12 is

a Vi ew showi pgeangt fgraf (i sk £ABRLAGTA! B¥ayl Yot te#R0gnabbG 13 IS a

flowchart of a third specific exanple oper ati on sequence of the

texture i mg engrati ng =20t i; r n i ~nFl G 14 is
a diagramil Fagt rgt ?\E/egogigﬁgmmgﬁe?ﬂlﬁg% &gﬁa%ﬁlr{g\grag?%gﬁ?%tégﬁ 01is
deri vedimgégi, 15 is a view showi ng a second conbi ned texture im age

pi cture; FIG 16 is a view showing a third conbined texture im age
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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 generafing 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-



FIG 18 is a flowhart of an operation sequence of the texture inage
generating function or neans shown in FIG 17; 5 FIG 19 is a diagram

il lustratwoel/mssa specific posi- tional displacenent; FlG PQDIP®W/N0AINi ew
showi ng another third conbined tex- ture image picture; FIG 21 is a
functional block diagramof a texturg4m 10 age generating function or
means according to a third em bodinent of the present invention; FIG 22

is a flggﬁhaéhe%tgn?r paReEi8h OrVhdhRe AcHoRAINRAWPS JdBRERH -G 23 is a
di agram Showm ng a mafrix of the gray pat- 15 tern image; FIG 24 is a

diagranbgggmgﬁgabgaggedgggsghtaig@gﬁt3@53 tern image; FIG 25 is a diagram

show ng 1 nmage a gray pat- tern inmage that has been divided; 20 FIG

26 15 a viewgah tHg §5a% RALLBHATRIC N QA1 Gechindd Bx Zhd S @ view

of the gray pattern inmage that has een divi 28A is a grap

Showt 19£8x843L RALLR BehlR0tnt sRhGridil did yRHARMARO W ket 01y, Pt Lern

i mge having a t ava I's a graph show ng a gray
pattern 1m0 Ravha0 (000K 0san Frididd A3 e ol dpdb ik fs s val ue of
; gr aph show™ng a gray pattern 1 nmage having
tional displacement;
FIG. 20 is a view showing another third combined tex-
ture image picture;
FIG. 21 is a functional block diagram of é 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



a peak at a value of 128; FIG 28E is a graph showing a gray pattern inmge
having 5 a peak at a value of 192; FIG 28F is a graph show ng a gray
pattern iwmge20ss8/i ng a peak at a value of 255; FIG 29A i BCHIRM&GLFT an

i mge corresponding to the im age shown in FIG 28A; 10 FIG 29B is a view
of an image corresponding to the i m_pge shown in FIG 28B; FIG 29Cis a
view of an imge corresponding to the rm age shown in FIG 28C, FIG 29D
is a vigwiabyani gRgR)16R" Heseanding to the im 15 age shown in FIG 28D,
FIG 29E is a view of an inmage corresponding to the im age shown in FIG

28E; FIG 2951'&53 3gy gV af g%ﬁpb”%%ﬁmﬁ%@ eSRAMY a6 ddfe agf Sipwn in

FIG 28F;, an FIG 301§ a di agram of an 1 nmage processi ng appa-

ratus according.tq a houry qdi nent of the present inven- tion. Best
Mode forcc1 %gg?tyi%r?g%mta t he ?n\??r?t’i on 25 FIG 1 shows an entertai nment

o oot i nvEAC- oS 58 FARPSREIASTERE B Feta a7 S Wown i n

FI 1, t tertai t apparatus 10 com prises an MPU (M rcoProcessing
Uni(%) 15 (;%ra?(gg%t ﬁaoH%lrIEl% tO%eH%ezﬁt ertai nment apparatus 10, a nmain nenory 14

for storing pic. 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.



various progranms to be run and various data, an inmage proc 5 essor 20 for
generating i nrage data under the control of the MPU 12 and outputting the
gener at eWogrRgsssdata to a display nonitor 18, e.g., a CRECTArPO)M/A§AET / out put
port 24 for sending data to and receiving data from external devices, and
a ROM i.e., OSDROM (On-Screen-Displ.ay Read-Only Menory), 26 with 10 an

OSD function, which may conprise a ftash menmory or the Iike for

troll th K | Th
(th out puts® szgﬁrra“il%re Corhocrin TBCEReatpbfes JPRaBaE 55, oG
ometry. Tran 3 f f di
el udi B Sbal %#‘Iﬁ'%oecm%z e S @é‘%ﬁrr%il%é?%i‘%{?ins
vect t =
Connect e FEOent (PRRERRD 107 TrRSIEREAORGalY FHRCPRBRIPY di vide &
t hree-di nensi onal 20 nodel to _be cont i nuous a_novi ng i mage
on the VAFLPIS\PIRFF BT 43, b?nfﬁnpﬁPéggﬂngPs Hﬁﬁgd FacéPQQSCBBPﬁlng to

cal cul ati on commands fromt To the i nput/ out r th
ar® corpRtEhr Th. SSRATRbThe o204 oAafR R AR AY tha: HOREES ToRE, ?haat a
coordinate 25 data, etc.) to the entertainnment apparatus 1 a t
cal | di PG 14 b PUFOBbheothACROARCBbERoATAaPSRasA SR USPIED RO a
DVD, or the like in which various prograns WO 01/ 20555 PgT/JPCEYQGlS? -16
and dat@P%bB?%c%Bre?aﬁed ﬂa?%T'tQQt&PguﬁéPHtpHFcPPrér@ £5r 8§1HRI i nput

device 32 mm ngrlse a manual control- |l er having directiaqn buttons etc.
data to 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



The i mage processof 20 conprises a rendering engine 70, 5 a nenory
interface 72, an image nenory 74, and a display controller 76 such as a
progr ammwil @2688%5 controller or the |ike. The rendering e®giI@o¥iderves to
render image data based on rendering conmands supplied fromthe MPU 12 and
10 polygon coordinate data, and storgg the rendered image data in the
image nmenory 74 via the nenory interface 72. Specifically, the rendering
engi ne P r X £29 £aPPk¥LNg gekors and
shades,gg% |%%8 g%??%%? 5%%%@???§§t?ncP%gﬁﬁgénP§ror reFlgct?bn, di ffuse re-
1o 1 ectiOPeal CTARE! 1 Rhut ! G8PPO8" $8 Y ay LEmpradd agmaphfaacgo?%%qr_ns, and
addi ng surrounding Irght, 1.e., a i ent |gﬁt, to polygons (polygon
coordi nat e data ' S ac..ets divided froma three-di nensi ona
nmodel that ?%l%%Y@%?QFgﬁgﬁ gépﬁﬁggGTﬁt§3 and supplied fromthe MPU 12. 20
A first bus IS$._conn n ry 1 r-..t.ac 2 ahd .t he
renderi ng enéﬁﬁe196§ea§§5§g§g@%ﬁgsbﬁ§H§6g?§B éb%%écegagge?n eﬁéﬁﬁg'nennry
interface 72 and.the_inmage m_ oty _74. Each_of ,the first.. cond buses
787 80 ﬁa@eﬂoqzéPBFF%ﬁF%tﬁ, £ 3P é&%ﬁ& E‘,em?’%? f&ﬁ'm%“r?gattﬁé%%gr? ering en 25
gine 70 to, render d store inmege data in.the_inma r 4 .at a high
speed. ?ﬂatF8238Fi2§ 5H8$n8576 SRR 18f%F§n§§EF%§Hﬁﬁ§QSLMB 1/ 20555
PCT/JPCE%OGlS? -17 data of 320 x 240 pixels or image data of 640 x 480

pi xel s Eﬁording to the NTSC or PAL systemon a real-tinme fashion, i.e

more than te@hé‘¥23d2%1%8V8585n£e9ot%E%%e%”t%’@%d%%%'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



onds to 1/30 seconds. 5 The image nenory 74 is of a unified nmenory
structure that is able to designate a texture rendering area and a

di spl ay memo0s35g area as the sane area. The image contr ol PEFIFISOMSTt es
texture data read from the optical disk 34 via the optical disk drive 36
or texture 10 data read fromthe OSRRQM 26 via the nenory interface 72 in
to the texture rendering area of the Iinage nenory 74, and reads imge data
render eg_j h spl r LN f el ge y La the
menory ?%#%réggse 2 a%%lo oﬁ{%ﬁ#s %ﬂ%ﬁgggdd??rgggkgggg toHthepczil}A:g% ay nonitor
18 to dispbAYifg tdSthdPeBs@Not! Bafll SPER¥mS6hCANreBl CrifeS Fa¥Ribn,f unction
bl ock forman image processing (three-dinmensional CG processing) program
. €., a;1eXt UhSre! EQHGE%éEQtBUEE%IeEBloE\%E ttﬁﬁlte%r enl 19g9 geherating
means, perforned by the rendering engine 70, ich carries 20 out a

renderi rpgce Ns@cbhgge- di mensi onal shape (3D nodel) based on
renderiﬁgd%oﬁﬁaﬁggefﬁgﬁ1tﬁe MPU 12, and the MPU 12 and the GET 13 which

trol th deri ' . s Iheci . REG ' ' t d,
Cobether vt T tradd OoRs 13 160de TiaReRaRaeRehBey A= el “data,
25 1n t@ﬁaPSPg%fé’té”ﬁaé?ﬁﬂa@@dae)ésﬁ!dh‘%ﬂ %nggﬁi»ikgua%%a ¥ gver. the
i mage processing program ree-di mensi onal node ata, an
t wo- di nepgj I . dat [ WD 01/ 20555 PCT/ JPOQ 06137
-?g oL??ggkggfsﬁggggk%ggdQE§Q¥ﬁ§e8§ ?%a ehggEggrive 36, loaded into the

main nenory id. SdagxBaNtediBle HE MRYCR (BUkflee’ AaISOYdd Ko

arrangenent S

the optical disk 34 via the optical disk drivel36 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



details of inmage data of texture inages that are used by the 5 inmage
processing programshown in FIG 2 will first be de scribed for an easier
under st an@d) (igosds t he present inven- tion. An original textROTAPOHEG37 (al so
referred to as "origi- nal inmage") la that is a texture inmage to be
processed com 10 prises inmage data Qfg_a color inmage picture Qa, which is
to be displayed on the display nonitor 18, represents a scene or objects

as shovgol Dbl Gude J0e £LLEIBHG! hEXbBEEChIPAE ! rhFer 989 IbaRGHNE CSDROM

26 and ¥ a given area I mage nenory e 1 nage nenory

L A0 LEOCHE OB R RUOEL 902! ahEXaxbUbELTBYC (ALOMPHO1ARANS, A 07 2Y

pat t er nt} orrng  ne a reversed gray pattern i nage storing neans,

R

ori gi nal i nposed of several hundred pixels

| . hund | xel t ' he.i 4 f i

data ordacaily of BndSpopard ShoPekPurdc nplls TRV Aol nelh B b | PO
[ | € ' RGEB i dat i .e., | dat. . data Ga,
ang | myBAga| BEBRSERPEPECERED FRE"RGLl: ETT 25 MR BIBFLePS e val e of

h pixel ij (iL=1- 4.1 =1- 4 f.. h of .the | Ra, Ga, B
o r ebr BGEAPRA B9TaanpeasthR HARRESHERAIRY. &% TS0 B5F GTTdanNaN: 0 - 255,
WO 01/ 20555 PCT/ JPOQO 06137 -19 As well known in the art, the color of a
pi xel iftien¢1 1) is determined by a conbination of inmage data (pi xel

data) Rall. \"89959aLT (BkEke thabeRalss MeelBll B Ac Widtilos-

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.



data) Ball. 5 Therefore, the imge picture Qa shown in FIG 3 is de-
termned by a conbination of imge data Ra, Ga, Ba. A gray pattern inage

| b, whicwo @/0bs3r acteristic of the present invention, corRET/¥R8/0613Age dat a
representing a nono- chromatic (bl ack-and-white) inmage picture (also
referred to 10 as "gray pattern inmagg gicture”) Qo having differently shad-
ed regions in different two-dinensional positions, as showmmn in FIG 5. The

gray patter “Ab”%il' Rnb%m@i 80 thead dt!, 0 @0 1G2DRM2 G, 30k siprediin a

given area in the inage memory 74 which is different fromthe area for

storing, &bas%b%%haeg%g%t %ﬁmm&aolna-oé i Heh AL dABPPE

pi cture shown | um nance 1s highest I n"white regions,

second hi_ghes SQ t o ns, I5 g{&g sshatched
re- gi o%s H é’“‘ﬁ%e &9&% ?}{(}){%gly%atche qregalnﬁs“%% I G éL;]Jhows t he gray

pattern |aqg% eBIali,1 actually com posed of several hundred pixels x several
hundred pi X Is Stored in the inmage nenory 74, as sets of image data of 4

4 I
Copr | ses. RodeRaetdy: The HRGY Wit Dot B H¥C T ¥ %0d 1 mmge
data Bh, e%%nae'd% %{I% @%'ln%%na%f g e 2 ooﬁatﬁ n i mage | b

represeﬁct ern ern‘inc g white and bl ack

re WO 01/ 205 5 PCT/JP%et(%ﬁé%m%g}ég{t %‘”P' Xste'c%a{faé%fefﬂeti ﬁgéa Rb,

the i mage da he sane T ow | sane
col um ﬂ ehsae\ﬁ%: tlr}l%e%%r{%nl urgo?n%n(ie Vsallliln eFOc{ate&f( %‘%reésér@'?g dg trﬁ‘ono-

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 ob.

Since the gray pattern image Ib represents a gray pat-

tern, i.e., a gray pattern including white and black re-



Rb1l, Goll, Bbll have the sanme | um nance val ue, and inmage 5 data Rb22,
Gh22, Bb22 have the sane | um nance val ue. How ever, the inage data Rbll
and the wogooessst a Rb22 have dif- ferent | um nance val ues.PAQTATRONE61GT ay

pattern inmage Ib shown in FIG 6, all the pixels ij of each of the inmge
data Rb, the inmage data Go, 10 and tjije i mage data B have different
| um nance val ues. For exanple, the | nance val ues of these pixels ij are

- d h.th ' . if f b - m
ol e FOn SBikEk, LITEE, thc®:AREC il BENGROIMIEEN date b, T Danee |
di ff t had . al d i xel I d
E| xeié?Qgggéﬁﬁmﬁﬁgiﬂéﬁé,ﬁﬁfﬁg cR8L ehhel 53 [ Sl che S eolllal o0 1)
ack ink that

oray pdt PEVR PR BPCLare B oeoy PbbondF sl RSy SR FR | mage Tb
FIC o RBhG ol BAG -c AR toP oA S8 SBhe HeUPR Botv 1 TGRS r opr ecent s
mige. Bath BR2a; [B23i BPRg BAgha RARANT QAT BT P uEEngi ng from
of the BVBRa ChenBRoRa A B KoL Taprgl AR HAR (g bz pavS T hon it

is normalized by an 8-bit resolution WO 01/ 20555 PCT/JPOQ 06137 -21 256,

and it EETEHFHANEINFE FRJHKE- i mage at a ratio a of 128/256 = 0.5. Such

2 combi ning procees bty STt (Radd A7 HRM Bl FHLNG Pt Ul 1Y,

pixels ij of each of the image data Rb, the imége 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

obij = 128, then it is normalized by an 8-bit resolution



the ratio a of 0.5. 5 1f the gray pattern inmage Ib is conbined with the
original texture image la according to the al pha bl ending process,

produci ngyo1xe83s ned i mage le, then each pixel leij of thRCUTHRWDO6ET | mage
le (first combined texture inage, as described |ater on) has a | um nance
value, for each R G B 10 inmage datay,determ ned according to the equation
(1) shown below. In FIG 2, the conbined inage le is obtained as an

output froma first _.conbini.ng rea 8. [ jso= JDbi] jds F laig x (1 -
abij) . .2.5%('1)an|91 &t 15;rombiped wikh n]ag‘a"tuﬂrre:‘lge aed,é)caotrrpx%glleg of im 15
age data,, g, & e datanRe Jddms&i &nd; d nRgE, tBag stored in
t he inagezs%ez(r%‘r:'gry %%'as se seaofd I naglelqg&a?pal%e 4d'§<§4 pI x%laés. o tshe i mage
data Re, Ge,, Be of ihed i m —— . L pl §es) Rel4d,
Gotd, B P Huinl Bafhe ey, BHALAL g BIRc A O o on
(1) as follows: Rel4 = §g14 x abl4 + Ral4 (1 - abl4) Geld4d = h1l4 x abl4d +
Gald (1theyFppio gePf O-Br14 x abld + Bald (1 - abld) The texture image

Reagplo B . ure i meg

PG 20w HE B e e e A et ed "o BRE T e
ti f VO 01/20555 PCT/ JPOO 06137 - ' [

ever of ARG TR Te PRSI Ty e Shicks o Ruphe (PESRASRTT ' D20 2
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of the combined image Ie (first combined texture image, as
described later on) has a luminance value, fof 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 aobij + 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) Rel4, Gel4, Beld4 of a pixel ij =

20 (1, 4) are given according to the equation (1) as follows:
Rel4 = Rbl4 x abl4a + Rald (1 - obl4)
Geld = Gbl4 x aobl4d + Gald (1 - abl4)
Bel4d = Bbl4 x obl4d + Bald4 (1 - obl4)

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-



sitions thereby to generate a reversed gray pattern inmage Id 5 as inmage
data, a first conbining neans 108 for conbining the gray pattern inage Ib
or the reweegmessgray pattern image 1d which is sel ected RCERIRNEST i ng
means 104 with the original texture image la according to the al pha

bl endi ng process thereby to produce ﬁb%“rSt conbi ned texture inmage le, an
10 enlarging neans 110 for enlarging the original texture inmage la into an

enl argeq;gpi ging ah%xg%{ﬁr&%@e a rev@RSidS A 10PMHJY MevEARhgl12 for
combi ning the enlarged original tex- ture’image If with the gray pattern

| mge | Qpar hQﬁ e%P $I%e18 BF RAL! Gridy P4k Whildde Nas Hefideen used by
; &N

the first 15 |n|n nmeans 108 accCording to the al’pha bl endi ng process

therebydagfgggﬂgggupgﬁgggn QQ%Q!nqg gg@fgygdﬂﬂﬁyaJdlméﬂgidﬁaﬁﬁﬁﬁﬂ gray

pattern Thage _ e se- lecting neans 104 may be either the
e A R R L S
o3t B SRS RSt e SO S gt
TS LT R SBATSIU TA LOY £ SO%  2
G oy partBEt age wetsrurth 3 ¢ i 08 Bl adF HeY e PR L
Conver | AL U SR O GRS B o Bhodine. T
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 meansv104 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. 1In 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



gray pattern inmage Ib as a negative is related to a posi- 5 tive.

Therefore, the reversed gray pattern inage Id also |ooks |ike a bunp map
pattern @l @resssochromatic i mage. FIG 8 shows a rever sedPGIVEPO/PEBT er n

i mage picture Qd which is a reversal of the gray pattern inage picture Q
shown in FIG 5. 10 In the reversed. gray pattern image picture Qd shown in
FIG 8, the lumnance is lowest in closely hatched regions which

corr espongd 0.4 Fe i A& APGHLIERANEUNGEAeERFe B pPBERsERE LRUESpat
o8 16,48 : i

crosshat ched regi ons correspond™to t coarsely hatcCh egi ons

shown i@e536im% ethird lowest in 15 coarsely hatched regions which
correspond to %e cross- hatched regions shown in FIG 5, and highest in

correspofig 3"t h oun | .
Fla s The DAt af SreEeadodba pherbif TnappoterTepPRTated K8 BT i

Lt <okt Pogie AR 0od KThUSRTLALE Shdhtnitoon, sogs o oo
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an 2 9oLLEAM L0080 M 3RabBAS (REROTAY (AN i) RiinOih OF 2
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



Op. Therefore, the enlarging neans 110 serves as a proc 5 essed gray
pattern i mage generating function or neans for enlarging a gray pattern

I mge acgghghédst o an i mage enlarg- ing algorithmto generargpre/qsizycessed
gray pattern inage. The texture image generating function or neans shown in
FIG 2 also conprises a third conbining nmeans 115 for com 10 bining the
first conbined texture imge le generated by the first conbining neans 108

and {NeoRRFER s SPPRLECo ! £ HEferkPBA%Y ggtﬂsneﬁﬁt g4 by the second combining

means 11 en--— erat texture image Ih, and a mapping

means 120 e TBRPAAG: b Cnbh tlfanﬂ n! GXGHEG LhiREEs] Bndarkiggl® Lhird
@ o 3% Feane

conbi ned text'ure i agQ 'S se a se- ectlng 116,

onto a sha ed surf §§ a§o aBE$E¥£§bh¥%eagg b& S'%h% el %8ZIQE to

generat% a %e%c el ecting ans I'S ganged
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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 IKk.
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.



processing programstored in the OSDROM 26, will be de 5 scribed below wth
reference to FIG 9. In the first specific exanple, the selecting neans
104, 106yowirzoshs operate in a manner simlar to ganged sw PCHER0/0687e
operated as indicated by the solid-line arrows to supply the gray pattern
image Ib to the first conbining means,l08 10 and the reversed gray pattern
image Id to the second conbin- ing neans 112, and the selecting neans 116

i s operated gs Ve t:ﬂf‘anﬁj&lt | ine heefirst com
bi ned texture |mage I%?eg%t?he textur eet?frra%Ig ??é]tg%w%(tﬁlg %%%@é%?%ggﬁeans 120.
15 I'n st i [ X ol Sg from
the i nag%perrermry 4, “[hré:st ep ’P% &Ml rt?eéréln&?rn%gzg |€hér§ea%f?gom t he

| mage aitog Jaifiknt bt a%e%g}ﬁ]fir{\%nff | Nh 0. FESRS %981198 AL

ori gi nal Fig i mage € gray pattern |rrage ac- cording to

the a1 pha-Blending BAResP L0, AENSLRLen8 ShbRbucoEb ot tp ee | mge |

Wi | e t ure Tnage |le expr éssed according to the

equat i on éﬂ%ﬁedt ls({%rvelg_rhesleé% eldenceatgr flgs %_Ia X Ib =1e for an easier

under- st ng o e ‘present Tnvention. he |ntenS|ty of the col ors of

t he f! rst corf %JI ttef(rsé ureeclxL Q‘frae’? I]).ef)endgh nsé?gc ne§g$%x§ gach of

t he pixels e gray pa ern Tmge The TiTsS uré WO

o1 265E5, T O 2y T Fob SRR BRI 1
shades q;réhe é”g%% ég {néaégégﬁpgutghe sgfgg ilnecgrégﬁs 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 S1 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



quently, the first conbined texture image le conprising a 5 special effect
I mge can easily be generated with a sinple arrangenent. In step $4, a
texture wm@eokss supplied as the first conbined texture |iREREODE6IBD one of
the inputs of the map- ping neans 120 by the selecting neans 116 i s mapped
onto a 10 shaped surface Qo supplied_ 4o _the other input of the nmapping
$Eans 120dby t he mappi ng neans 120 théereby to produce a napped inmage |Kk.

e mapped | e, Ik ;3L f ts PHravi ded on
t he orlglﬁgﬁn?%x ar € %%E%gikgHégkiagpqgﬁg?hgggﬁgﬁéﬁﬁﬁd?%%?€§Lce nodul at ed
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first c d5t & ge i ct'ure correspon to the first
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i NG he gra ern I'mage ture ichis a
re

nDnochronatl .C c res t | b,
shf)wn :j Bng:%‘(? &:’}5 or| J1netdmcpeure |en~?mg g]ir%%/coq@]aééﬂv%%hm?g a
colored i d- tqth I | a,
shawn | r?pgﬁa ¢ %"E‘I corres%r%gb\seasﬁ ODneol e%rgr %égd?‘exanplgrselfrﬁéﬁegeopgr a-

tion sequence of the texture i mage generating function ac- cording to the
first e%ﬁ:d:cﬁ itown in FIG 2. WO 01/ 20555 PCT/JPOO’06137 -27 The

second speci f]j c exa e differs fromthe first CIfI ex shown in
FIG 9inth %es%ﬁ?d‘ﬁ%est]élbag%zﬁ ss‘?%% @h ﬁg;‘p%ofoces& ng
in step S12

comblned teé%ure 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 IDb.
FIG. 10 shows a first combined texture image picture
Qeb which cor;esponds 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.



S12, the reversed gray pattern Id fromthe reversing neans 5 102 is read.
Specifically, according to the second specific exanple, the selecting
means 10%vo e1/28985t ched over to supply the reversed gray paRAEIRIO6EFHe |d to
the first conmbining neans 108 and the selecting neans 106 is sw tched over
to supply the gray pattern imge Ih,t,0 the second conbining 10 neans 112.
O herwi se, the processing in steps Sfl - S14 is carried out in a manner

simlar to tpg pé&&ﬁlg&'fegesefﬁeeeﬁ ample” aPfr8RQUerbR ELG sdrshn e second

specific exanp t conbln ex- ture inmage le generate by the
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supply the gray pattern image Ib to the secondvcombining
10 means 112. Otherwise, the processing in steps S11 - Sl1l4 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 (I4).
FIG. 12 shows a first combined texture image picture

Qed which corresponds to the first combined texture image Ie



shown in FIG 3. 5 FIG 13 shows a third specific exanple of the operation
sequence of the texture i nmage generating function according to the first
enbodi megio@Resss in FIG 2. In the third specific exanpl e,PGIVrOdHEBNA
texture im age la, a gray pattern image Ib, and a reversed gray pattern
10 image Id are read fromthe inage_gﬁﬂpry 74 respectively in steps S21,
S22, S23. In step S24, the gray patt i mage Ib or the reversed gray

Phe ori GG EpbbutPeiingEe Tl tuboabPet ipahs TR0" prith oo BbsrRsRd 00 L
by the grg%ﬂg%ﬁgéglgge Eggngﬁ%QB rggug geggraaﬂ%§%l?£éﬁé% gﬂ?lned texture

I mage exarrp ern | nm

generate a figst Lned .t exture resent ed la x I'b. 20
oot epShdun' SR FEATapoRRg' Thbn R pTPAT, LRATHS I plerd® B 1K, e
la at an enlargegggt atio 3 deter- m ned accordlng to a value cal cul at ed
based ofiPgVR, épa whi ch include the direction of a nornal vector

the d f al ht vect d di rect f 25
migi nary | | EAE- SO CBOVEL ot IVES GPOR e TR InRE GPS SRR G 14,
-, the direct tor .obtained f t duct. of Vn, Vi,
Vi o VBBEPRRFoRRCERSY SR LB ARAEs BEMSER M SRR oL FEULI 5 Vet or

duct _of V/ d_out.put | | text It (If =
Vo). D EHPLELFAL COROSIMEGnaRoPl b & Tomagh | & shown in. o

In the third specific example, an original texture im-

age lIa, 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, S523.

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 f deter-
mined according to a value calculated based on attributes
Opa, which include the direction of a normal vector Vmn, 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,



FIG 4 is enlarged radially outwardly froma two-di nensional 5 central
position 122, i.e., a point contacted by respective vertexes of pixels ij =
22, 23, Wdo1Adsssof the original tex- ture imge |la. Usual IRCT/IPa@06137

enl argement ratio f is selected froma range of P =1 - 2, preferably 1.1
- 2. However, the enlargenent raticlébjnay be of a larger value. 10 In step
S26, one of the gray pattern inmage Ib and the reversed gray pattern inage
Id, whigh h o] d_ei §.St S i he _r %ﬁgg ray
patterne%haég %d?egﬁgp ?ﬁéggé a?gegnér?grnéédtgyﬁ ngiﬁgggmﬁ régconbined
accord- ing.to_the_ al pha,bl ending, proce y the second conbi ning 15 neans
112, thﬂglgéﬂe}ag?ﬁgugeségﬁﬁa égnégﬁeﬂ ?Z?Bure imge |g. For an easier
under st andi ng, of , t he se [ l.an, g?g 3e C [ t ure i mge
lg is represgﬁtia}ﬁyt?égi g%ﬁ §¥?g&§gﬁdtf €. 36%Elggbfﬁﬁgﬁbaéfa second

Coxt ur o Fhagd 15, CRaRbaaRchoRy =kt SRR 30l & 5 TSRAR AR 100
b1 Bt ur 0BPeEBy BORUNGPRG 23" Re el & BEAry CpAC v, oS R il 1
et ur o VPRRGESFy OB BIEBAS dd-wieh @deh VO 02085 B IRt 1R 30
115, t nESPgoRBRae: G o PRRAFontiis $rUEFSRAE Ml M ASwReraed -

represented by Ih =1le + Ig_for _an
P from aYrange of B =gl - 2, preferably 1.1 - 2. However, the

enlargement ratio p 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 PIe.

20 FIG. 15 shows a second combined texture image picture
Qg corresponding to the second combined texture image 1g,
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



easi er understanding of the present invention. 5 The ratio a for the first
conbined texture image le or the second conbined texture image Ig is set
to a sui wabbeosyal ue in the rang fromO to 1, usually a vaPOBRJRO0B6(B75,
meani ng the conbining of inages at a ratio of 1 : 1. The third conbi ned
texture image Ih thus generated is 10 selected as a texture image 1] by
the third conbining means 116. In ST%HT S28, the mappi ng neans 120 maps the

texture inmage |j qnto the shaped, surface, t her eb r [ mapped
| mge. | REAEET SSRPERLPE, tan P PLRUENG LORGAAG BRecere taid Gt s L he
mapped image |k is produced by mapping the texture i ex ressed by
the equ§PMBANLBY ?ﬁg EiPOM/%HﬁtQePﬁgat§ﬁ§p€dtg&Fﬂmﬁ§ﬁ§}n4q = le +
lg = (Ib x 1a) + (1d x 13la) . &ﬁé 20 Since the enlargeneH%)ratlo 3 for
enl ar gi ﬁl;}r?hémBBFth'n’dPngxPﬁr &ePrgsented SYydh ved & romd HER AMie
produced based on the attributes Opa of the shaped surface O, the mapped
| mage | REARTRPHETE LAREINGX Oy &NGr PEEFN oA NTe IR surface which has
surface irregularities in a manner simlar 25 to bunp mapping. FIG 16
shdws a thi r Fheompitied & Eerutdre FEFs ticompiaedytexiaine sHbtaER ke tF t he
third conbined texture imge |Ih, W 01/20555 PCT/JPOQ 06137  -31 produced
by conbithien§ecrBds Ppglplel@ﬁiblt%&qr&tlma@ei Fegd Hiset (i & EHRRE FI G 10)

corresponding to the first conbined texture imge le and the second
conbi newaflatet dine theagangi #rom 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 Qenerated is

10 selected as a texture image 1Ij 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,bexpressed by the equation (2) shown below, onto the
shaped surface Op:

Ij = Ih = Ie + Ig = (Ib x Ia) + (Id x PIa)
*(2)

20 Since the enlargement ratio f 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,



ture @ (see FIG 15) corresponding to the second conbined 5 texture inmge
| g according to the al pha bl ending process. FIG 17 shows in function

bl ock f ow@@Bodsaage process- ing (three-dimensional CG pr@cag@omepi3pr ogr am
i.e., atex- ture image generating function or a texture imge generating
means, according to a second enbodi nent of the present in 10 vention,
performed by the rendering engine 70}1Which carries out a rendering
process on_a three-dinensionaL shgge gSD godel) based on_render.i ng
commandRTPFRFEE HeY NeRladning (theet 1EAY $OMRAGeLhECEET TR HABEN PGt rol the
renderi ng engi ne 70. Those rts_shown i.n FlI l.ch. are identical to
15 t hosEU%$d biﬁ5?$(f1§°a}g?dSﬂBFEEPB9dFBgnS%cipergFgﬁénggmb&HSPacters,
and will not be described in detail below. . The s%cond emodi nent. differs
from t hEeXtrEe #MB8ai hentnd; ﬁh?‘hﬁ?cf’ﬂg ERMBARERy tRENE 1189868 Fng to the

first em bodinment is_replaced with a pgositionally dis%Iacin .means 20 130.
The postBren@fl {SaeshEGci hg) nEQRTeEBONAING,5Q itBE FECR dtﬁ?@%%qﬁ a

texture image la and either the gray @attern i mage I.b or the reversed gray
pabt er nte¥hBEe | dMAALCRIi 2CEArIipE: £y theoAlPRE OdEBdiNgy PRESTSST06 but not
supplied to the 25 first conbini n%_rreans 108. The positionally displacing
means 130 i sF&FsolZupBPrEdifti £HRCHdOR Plosl SOTHED WSS Qrﬁ)é’quﬁé t he
direction of a normal vector Vn, the direction WO 01/20555 PCT/ JPOQ 06137
-32 of anpi hthseesfimensiepgl UF PIRFSFING)r SMOTFAL Laf i'ndyit®Hiary i ght

source vector V1, of the shaped surface Op shown in FIG 14. .
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



The positionally displacing neans 130 outputs a posi- 5 tionally displaced
original texture image |fa whose central position has been displ aced

upwar dl ywelewseses dl y, left- wardly, and rightwardly by a desit/medossmber of
pi xels, and a positionally displaced gray pattern i mage or reversed gray
pattern image Ifd that is the gray pattern image Ib or re 10 versed gray
pattern i mage |d whose central positT%%‘has been displaced simlarly, to

t he second conbi ning neans 112. A_specifjc_ex an operation, sequence

| f
of the P8xa LARE-PHags I ¥EEITy Vun@Rth Fhe: CRAGHL I QheAm MG Bm

bodi nent shown in FIG 17, based_qn the im rocessi ng 15 praogram stored
"n the DBEROWLIBT FPRFCHeVEELoR Nad BH GHe MhAPSLRFATRE (P (oW s Fl G

18 shows the operation sequence of the texture im age generating function
or meand®sEd®n ilA-FI G 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 showhe Ropigiopglly,ddisnlaging %ﬁ?%ﬁikﬂétﬂquﬁﬁgr%'?%%bé la, a
gr%%]pati tern image Ib, and a reversed gray pattern image Id are read
fr &m t h&iopadd YméisPy ared offeimate YPHRTILG dFiaasslfasithoss eantray step
S34, the gray pattern image Ib, for exanple, 1is conbined with the original
t ext ur e HOFddd-ong hasc Hedm JisPLlaqes AP Bren AP YotEEs Bt the first
conbi ni ng means 108, WD 01/20555 PCT/ JPQOQ/ 06137 = -33 thus generating a
first comiddy @@& FOhtvaFd%e QY & dgsined yymbem, of gpixalbs. (ard &
positionally displacing nmeans 130 .

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. 1In 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,



positionally displaces the pixels of the original texture 5 inmage la by an
upward, downward, |leftward, and rightward po- sitional displacenent p

det er m neyb epmassli ng to a val ue cal - cul ated based on attrpooyeE®oesa, which
include the direction of a normal vector Vn, the direction of a

| i ne-of -sight vec- tor Vi, and the dlggction of an imaginary |ight source
vec 10 tor VI, of a shaped surface Op”shown in FIG 14, e.g., the
direction of a vector obtained froma vector ‘Eroduct of _Vn \/ Vi, a
vector prRfuASHETARA2 HrEsf RISt okfEtUBE 1HAge ie tFe sulButs a
positiog&l)ly di spl aced original tex- ture image Ifa (Ifa = pla). The
positio ‘di spl acenent p 15 can be selected as an arbitrary val ue

booi 11 ongl |y hgspﬁa%f&. et SOk te“ﬂ%ﬁ%?ﬁg@a‘aﬂ%l'a%%'ggiL%"pf23s of
E“hgplr :\éer Bt 'ag]n](f}? I%ﬁﬁéeq{%é%r}f?ﬂib%%y%:gﬁgg e{?%’r‘gléﬁeori gi nal
f)reiX%.uLEiﬂtaes@e%'fd ShgEdrdL AT o oSt HREA | SESTTPBHERER AP and 2
(€ ifiondn, dSRacidiy o dtkarie aﬁ%&%ﬁéiﬁaéo%ﬁ%ﬁéﬁ%%ig " Phe
or 1 51 nalCH AL RATSD e W TPt wahch it aoLiagetha SHEERE el

data of a el 32 nth 0s onal | dslacdor nal . texture inmage
pl a. Act%f)ﬂllxwor'%? c‘éécf?fére\(r?gltlrfé? ‘i’e‘i?%?io I 1ﬂ§sl I§?‘§}é¥'o§e§evelralg

tor Vi, and the direction of an imaginary light source vec-

10 tor 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, Vi, or a vector product of
Vn, V1, 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 Ial4 in the original tex-



hundred pi xels x several hundred pixels, the positionally 5 displaced
original texture image pla is equivalent to the original texture inmage la

whose ceigyiisss been displaced. Likewi se, the pixel dateafyrmopiisel |d42,
for exanple, in the reversed original texture inmage |Id becones the pixe
data of a pixel 1d24 in the reversed orlglnal texture image 10 1d. Wen
the reversed original texture inmage Ié I s thus positionally di spl aced, the

val ues of the al pha channel dat a & ﬁlso disi g g S36, the
posi ti GHETS ViIRAIS| R RF orhgiRiFehatat@ePh PnBYESL 1 a? fén It Fa$°§ﬁd t he
positional ly displaced 15 gra tern_i mage re conbi ned
accor di piPratl Yréi%ﬂ%ﬁ%?%l%ﬁﬁghga%rBEEEErBylFﬁge éiBnd Fﬁ&ﬁg neans
112, thus generating a second conbined pgsitionall ﬁ di s- Elaced texture

i mge |HnERrthe QELIERALNRFSRERAGIHBIST 1RNBAFr BsEMESi RTeREVENAL 20 the
second conbi ned positionally displaced texture image Ig 1is reiresented by
|g = | fhundred piyehs xx pfeveral shepdued, P%HélﬁerPecBﬁﬁiﬁéenﬁé Yure i mage
le and the second conbined texture inmage_|lg are conbined with each other
ac®or di #splace %Fb%b3%¥eﬁﬁ¥ﬁﬂrﬁr6@€§§ B}atﬁé BAMLHA3EDEO NG PRy means

115, thus generatlng a third conbined tex- ture im %e I h, which is
represeﬂ?b@l%@llﬁe Ee 1ngge of 2 ahoggs CERLERIBASE § &Pn&lﬁplﬁﬁédpresent

i nvention. WD 01/ 20555 PCT/JPOO 06137 -35 The _ratio a for the first
conbi ned t exbikewisfgethe Bixeindatacshdacsitrheddftéxt &PE eﬁE@Qlﬁg i s set

to a suitable value in the rang fromO to 1, usually a value a =.0.5
in the reversed original texture image Id becomes the plxel

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 1g.

For an easier understanding of the present invention,

20 the second combined positionally displaced texture image Ig
is represented by Ig = Ifa x Ifd = pla x plId.

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.



The third conmbined texture image Ih thus generated is 5 selected as a
texture image |Ij by the third conbining neans 116. In step S38, the
mappi Ng Weaigosksd0 maps the texture image |j onto the shaped/woebase Op,
t hereby producing a napped i mage |1 k. For an easier understanding of the
present invention, 10 the mapped image Ik is produced by mapping the

texture image |j, expressed by the etjiati on (3) shown below, onto the
shaped surface Op: |Ij =1h =1le +1g = (lb x la) + (pld x pla) ...(3) 15
Si nce the po¥hei BaklodfspracERenEipStorophdnedoteMtPTS dMags A¢ He
original texture_inmage. la_and the reversed ray texture ima Idis

der i vedtPRofitEABIy SPURIBRBJLEEHUTHadBRIEN 18 d-Sattt TR & % he shaped
surface , the mapped inmage Ik can sinulatively express the texture of a

20 surf ¥88ughiBhthesrangf 486m Pr &guilar veMadlyngd Vaduecs 5 iGth- by way of

diffuse reflection. FIG 20 shows a third combined texture inage picture
Ghb correspoﬁBPnﬁhESdtﬁ@mPHPPH‘Eﬁﬁﬁpﬁ@dlﬁ@ﬁﬁuFQiﬁﬂﬁﬁBQQEerﬁﬁ%ﬁdégd by
conbining the first conmbined texture inage pic 25 ture Qeh (see FIG 10)
coPr esp§RaRRGeHoaEhe FPESITEoARRSEd 1Tt &Yt fhe thddd |ISOMHAIRE SRR conbi ned
texture inmage picture " (not shown) corresponding tQ the second conbi ned
t ext ur e \N®-01AR0S55PPEPLIP Beppingzgeansgyd 240y MRS rtdien - Wife al pha

bl endi ng process. The texture inmage generating function or neans accord-
ing to &R@9e Ldt OBkBodhRe FRAPRWS UFE aeecOP2 nehy mnadpedng a

mapped image Ik.
For an easier understanding of the presenf 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 pla)
*+(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
Ohb 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



| mage generating function or nmeans according to the second 5 enbodi nent
shown in FIG 17 may be conbined with each other such that the enlarging

means 11Qys
means 130 and t

s§ N FIG 2 is in- serted between the positigfahpesogisspl aci ng
he second conbi ning neans 112 shown in FIG 17, thus

providing a texture inage generating§%unction or neans according to a 10

t hird enmbodi nrent of the present inven

on as shown in FIG 21. The texture

i mage generatbgg fun%;lon Q ans .accor.d- i to the third enbodi nent is
capabl e Bt o AGTF TR % iR églp‘?b‘{ég‘}%émao%%sf%‘rmoth surface nore
effectively ased qgn _a conbi nation aof. the enl argenent and positional 15
di spl acenent Tg’re ﬁr?ﬁ%ége RIS gt%’r?rn?gt]é’rﬁ aﬁ%’éﬁﬁ %srﬁ"etarrb%a???loﬂ‘?'spl aced
si - mul tanequsly. ecifically, a.polygon th | s .a shaped surface Op on-
Lo whi cHEP tek(i% Hifde TOIMRS RO it A v ot Nt Eostive )
having different conponents in a three-di mensi onal co ordi nate system at

t he coor'didfft &EN5T N9 Qe (e MRAN S 1AGFHF D P STt 88C°RE i s

assumed that_ the texture imge has a size of U pixels X

pi xe| s Emlimnend

from- 1to 1
into a

: V pi xels = 256
Showgy 10 G e 1 D gnag, ek %‘i‘ﬁ)’d}%t""’(%r?ﬁébﬁz‘éﬂh?ﬁ a range
of the normal vector at the time the (5’0'2%’9-0” is converted
: ol

he SHISRFIRHMAART 1R <Thawn simmi't etf "o WO

01/ 20555 PCT/ JPOQ 06137  -37 (e.g., 0.2)_ x U (256), producing a_value QU
and a valeretqd tetwegn g st pnfdh h fisrlaeing w21 BUa2Re terangi ng

fromO to 255 on the U-axis) of the texture inmage is used as
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



a new value u. 5 The Y conponent (normalized in a range from- 1 to 1) of
the normal vector at the tinme the polygon is converted into a polygon in

t he screw aeossdi nate systemis nmultiplied by 0 x V (0.2 BCT2B80/0613F oduci ng
a value 0V, and a value (v + OV) produced by adding the value OV to a
value v (ranging 10 fromO to 255 onsyhe V-axis) of the texture inmage is
used as a new value v. In this manner, it is possible to produce an

adequal e #1451 1Y%y (206 SiRc,dli ul pEORIUNS a0y EEME! fon e (i

or posi di's e rendering appar at us

or P Ent ) b ey def i i
enl ar gantn i T A8 e BTV 08 Siva B B e

enl ar ge romsystemto system ing to

anot her e LR 08l £ 13597 of NEndr §SaRl s ) NYENERb! egxth,@e ¢RRGePL st lgkat A8
reversed gray pattern image Id s "20 related to the gray pattern inmage |Ib

as a ne Lve,ade a,positive are a reversal of each other is applied to a
gray p%?%%rn ?na%e Fb havi ng gradation values ranging fromO to 255 which

| sqdi vided 10 §N:SfipBheflP! Pndhid1 PALACI LMBARRe crbm' N°10E8Y Al tern

image Ibis e gray pa ern rnmages, for exanple, then

P neyi {8t offle MhErilhf LLAOEa ! Pnd PEARILHE: BATVLLKC sEOXBRIELLERINST OF

opposite srdes o oundari es o eas. On osite sides of
o ogr estkb31 9 PALYAPhoed s, Far SR "s8brhalel Ry R el 1a Ao FukEak® vee
boundary. o HOWPVES: 511 $0¢) PSRN 4§ 2121 8956Y! Oha e vATED P8,
0V) produced by adding the value 6V 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



pi xel values only progressively increase toward the bound 5 ary, and if the
boundary is at a position "255", then the pixel values only progressively
decr easewo omoste boundary. Such three gray pattern i mageRCHIRIVO6NIDI ned
with the origi- nal texture image la at suitable ratios, respectively, a
more effective i mage can be produced.3gl0 A process of processing a gray
pattern i mge Ib having gradation values ranging fromO to 255 to divide

i nt Oegghv OERY Baﬁhaaflégag@ﬁew%&kebxeva@.wsl ped gaalsawve mefer- ence
to FI G e process shown in Fl 22 is a specific exanple of a 15

Lextureolange gepstalhie brogtbenifklYeaREreaR Oi:dn thel Bouriadsy i Mg

processing function and a gray pattern image processing function). Such an

ori 0 Nahohgybll! ©1EMRAE BbARAaE}S180akUACHORE (ARG @ o3 AYpRA LN | Mg

processing functron are stor programin the OSDROM 26, for exanpl e.

20 As i ndigat 9%9&& Bﬁlgeg¥ﬁ§§gs§59eh. BYQ Gl 2 trld %&u%d the gray

pattern |nage conpri nochr ona | mage gﬁta havi n fferently

Shaded aEY,oaRd BlkhERBlhgaly0sd gens/ PR QR s (theg0Sid 0nS) . I n

thfexanp é ﬁ o mage s orlng means 25 conprises a nmenory

uf fer 6 I

it %gze%@;e%o 5 B oM\ e 230 e ﬁxédw&%ﬁ' rctior
- 01/2 9

directi %&f)c(’}‘/\o@ r%ﬁe%gﬂggegggtégﬁl %#%rétl rll% c%ﬂlg)olglr% QJ es%sﬁc?gr? a

Hei ght 2a35%ekktle ihhbe 33910068 ABYR 3dedd, %@%eercafveq&iﬁ%d pixel 5. The

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 functiqn 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 sﬁown in FIG. 23 which in-
cludes 256 pixels in the x directioﬂ (for the ease of flow-

charting, x coordinates span a width Width = 255 (256 - 1))



menory buffer 150 conprises a portion of the inmage nenory 5 74. Each of
the pixels (x, y) of the nenory buffer 150 stores gray gradation data
(al so refas §xbsss0 as "pi xel data" or "pixel values") eachrdEIRH00g61d7 val ue
ranging fromO to 255. Although the gray pattern inage |Ib may have i nmge
data 10 representing the gray patterng_mage picture Qo shown in FIG 5,
the gray pattern image Ib in this exanple conprises a gray pattern imge

StcAlphalbyl bxb: pifebe ghidgdy dhpsEridn FeBINERe BRSENOMN FIGWEI G 24, 1S

of a maXi nmum 5 at” an uppernost and |eftnost pixel (0, 0),

Pecomes RLRPERS, 19 SbyEaYnhe iaggﬁggapggéntOHtaght'ghbssl g% an

i nt er medi a on a I nterconnecting a pixel (255,

e e S LR S SR L 1

t he r|g IS0 rnmost and ri ght nost

pi xel (255, 25 F Ie aS E 2, the gray

pattern ngﬁg g%fiﬁpha y] 8T8§§ B§$%50g4 #SEs%oﬁg? gwhennry

bu fern%Z In step S41 shown in FIG. 22, the division nunber NL, i.e.,
r of divisions into mhlch the gray pattern 25 inmage

SrcAIpha[y][

Is a paraneté%cboP% Fgéegéﬁﬁ tﬁg EiXQF 3&Fug$i%ﬁ#nqﬁéﬁégl Eﬁ?ngﬁgger N

| 01/.205 CT/JP 40 d had
§2|3§§) PB?@dgFﬁYtﬁ§a§8¥[thgFg ? fSr v © &EP ses) nyo r gﬂglﬁbfeagsay

?ﬁ;tern Imaglxe valu%hagykg k %%%5%'”9v% ue %%%d}%%i%é%%l&tynto di vi de

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 SrcAlphal[yl[x], to be divided, whose 1lu-
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 SrcAlphal[yl{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 SrcAlphafylix] 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



gray pattern inmage SrcAl pha[y][x] into a plurality of (five 5 in this
exanpl e) processed gray pattern inmages DstAl - pha[i][y][x]. The synbol [i]

in the prpegsssds aray pattern images DstAl pha[i][y][x] repeggpabdsiine
order i (i =0, 1, 2, 3, 4: five divisions) of the division nunber NL. 10

In step S42, the order i is set toi =0 in order to select the first gray

pattern i mages Dst Al pha[i][y][X]. ThéP - a gradati on nunber range Range

t hat can be e | oyed in each divisjon range js determ ned agcording to the

o v repgeriad o dehade Valuda)' 3ERRebtIgE sh] oL nag Al RRROEY | o

t he gradation nunper range Range |s de- term ned as Range = _256/(5 - 1) =

64. TherAddr§Rsgs bﬂ@%egkeiﬁg%%%ﬁ QFW’SPéﬁtﬁﬁﬁgémPSedg;"Pér‘ m ned

according to the following fourth_equation_(5): 20 Peak =i x_256/(NL - 1)
(5) PRatn]Exli3ecoxding ek JafeeipedkatgogitbmntaedinddpetRe 0 x 256/ (5

- 1). In steps S45, S46, initial y, x_coordinates with which_ to refer to

t he pi xe9TyRtRATHCEhlRSS %Eﬁ%%@%alﬁﬂé§]SF6AP-aZBlBﬁéléF¥ okt (Fdve = 0, x

=0, i.e,, xy =(0, 0). In step S47, a condition is judged according to the

f ol Powi n@nea%hﬁi@ﬁare e) \R¥ 93¢ 9988 59PaY/ PPEteyBl13mades 1 DREAde <

abs(SrcAIpha[ﬁLéxI - Peak) (6) Specifically, in step $S47, it is determ ned

whet her PRell blxle value of a value produced by subtracting the peak

The symbol [i] in the processed gray pattern images
DstAlphalillyl[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 DstAlphalilly]lIix].

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) c**(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) vee(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 toy =0, x =0, i.e., xy = (0, 0).
In step S47, a condition is judged according to the

following equation (6):



val ue Peak fromthe pixel value stored in the gray pattern 5 i mage

SrcAl phal[y][x] is smaller than the gradati on nunber range Range or not. In

a first woodiepsssi nce the val ue produced by subtract- ing tRES/JPO&R61FAl ue

Peak = 0 fromthe pixel value = 255 (see FIG 24) stored in the gray

pattern i mage Sr cAI pha[ yl[x] is 10 25%,_ and the gradation nunber range

Range i s Range = the inequality (6) is satisfied as 64 < abs (255 -

0). At this khﬁgg th %Q%&@hﬁ? gsquﬁquyP@gﬂress) xy. «of(g)t he divided gray
X

pattern imges tAl p a[l][y] ] Store the pixel value according to the

fol low ng eqy Eb?.@l(:éé.lxl:w J.Rsts‘%le h%hW] [ Wl 4k Getérmindd wnfitHdY SHd Me, the

gLay patte%n nages pha[ O] [ I's stored In step S50, the val ue of
the x c e ax=Y d Q% n nate. In
ste %% }8%23 ‘Haiugfetgreg% neg'h% hggmteﬁe% ew X coor Qﬁdgtﬁehe?%ékx + 1) is

sl | er vgalt%@ bl Wf‘m Wt B 5% %%mw%@agg& tége y%apco gitiadgis x =1

at this n f Ol goes bac ste nd|t|on

anch ¢ L@ﬂvgsoéa%%l ey A gra it iR ?ﬁlag%‘*%fds%‘i‘)@ﬂ“a[ BB S 4k o

the gra pat ern n%gem%rcAl pha[0][x] is greater than 126, and WD 01/ 20555

PCT/JPS48 anng ence the condition in step S47 is not satisfied. In
ste "o |
e el b S o d ® LD Bilud Yrddddda Beditzader n | MRGe

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]l[yl[x] store the
pixel value according to the following equation (7):

15 DstAlphaf{i]ly][x] < O *e e (7)

At this time, the gray pattern images DstAlpha{0][0][O0]
is stored.

In step SSO, the value of the x coordinate is incre-
mented by 1, and used as a new X coordinate. 1In 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



When the x coordi nate becones x = 255, the condition in 5 step S51 is
satisfied. In step S52, the y coordinate is in- crenented by 1. At this
time, thwooiRosssdi nate is set toy = 1. In step S53, it iIPCTAROEIGIBhed

whet her the increnented y coordinate is smaller than the height Height =
255 or not. 10 Since the y coordinagg.is y = 1 at this tine, the condition
in step Sb3 is satisfied (1 < 255), control goes back to step S46 to set

the X cRoRék nghe EondibeiseCORdstey 989 §8enoti atiselidan t enxstef.
Subsequently, the coordinate val ues are successively 15 scanned. In the

gray pasiérnth@ﬁﬁ&lé%06¢ph@fyiéXét§£@anlhna1ElEheZﬂlrghe?ea dphicon _
according to the inequality in step $S47 becones unsatis or the first

tinme “h€Qr§41ﬁa§Q5D§§§1pha96][bi[ﬁﬁnlﬁetﬁétEHBE%dliﬁ@”K§|G-034 that the
condition according to the itnequality in step S47 becones unsatisfied 20

for the f'rSwhéhn%h&hﬁncaafaynaeerQéeahesl§ ¥ zs%ZBtagdcbhalt&OBOthlnate
is x = 255. At this tine, the coordinates xy = (255,

SrgA'ph§£%§8b£25§L s§€§9f eahe fﬂ“ﬁtéboﬁs2aC%ﬂ%dynaobediﬁﬁtbnﬁguih'ty in

step 4 conmes satls y coordi hates have been processed

In stepg ?éﬁ%ngggla k?encgttﬁglgggﬁmgatEﬁénxDEBéEggﬁEQL[Xh[ékt'%oo§ t he

val ue Ition In step 7/ 1s not satisfied, then
WO 01/ 2055 PCT/ JPOQ 06137 -43 control goes to step S49 in which t he
processing according to the follow ng equation (8) is carried out:

DStAlpha['][xh[ékep §§§,Xi£R@aneteﬂgiﬁgﬁcéhQQﬁer the incremented y

coordinate is smaller than the height Height =4255 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 = O.

Subsequently, the coordinate values are successively

15 scanned. In the gray pattern image SrcAlphalylix] 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 inegquality 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 DstAlphalO0l[y]lix] is of the value
of 0" (black).

If the condition in step S47 is not satisfied, then



[y][x] - Peak))/Range ... (8) 5 Inasnuch as 255 x (64 - abs(63-0))/64 - 4,
the value of "4" is stored in the first gray pattern image DstAl -

pha[ O] [ 138} 12fe535s. Sim larly, at the coordinates xy = (0, 25G)JROODBIBT t he
gray pattern inmage Dst Al pha[01[ 255][0] is caused to have the 10 val ue of
"0" according to the processing in stgp. S48, and at the coordinates xy =
(255, 255) =0, since 255 x (64 - abs(0 - 0))/64 = 255 according to the
processipgriH15568s S stBE s@baYnP#hlSh" th@a%gtola@s@ﬁtga[éﬂd&@r{@%] i's

caused to have "the value of "255". 15 Wen t condition in step S53 is

not sat ng Eﬁg £ t)feﬁln&Oé?uatta%nplose}l 1%aloues-1@fa e .first gray pattern
i mage phali are determ ned as shown in FIG  25. | mage

pictures of %égﬁhﬁZF?#Fgf?¥|Q§tﬁggn S*ﬁ e 20 gﬁg&g}% aqd the divided

gray pattern [ i mage RS di spl ayed on

t he di sz%gﬁtqom gék)_)yhiléhgge descri bed beI ow The gray patiergy i mge

Sr cAl ph X] shown’in |s dlsplayed as a gray pattern inage
pi cture | SrcAl pha [x FIG, 2 the dISp| yed
% patter n% b Stu?‘ég pha %)3/ 4ack 4 |n%ht Vs c’rflaght
ar ea, be. Q 52985 i dark gray,
medlumgra;/n?Lg gg)?%ghgﬁ §hecﬁion1t blac %§¥§g'|§ﬁ§[%ﬁl rections

|nd|cat%gaQ%]&Q38a[5gg§u and is mhlte inits upper |left area.

Similarly, at the coordinates xy = (0, 255) = 127, the
gray pattern image DstAlpha{0][{255][0] is causéd 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 DstAlphal[0][255]1[255] is caused to have
the value of "2557.

15 When the condition in step S53 is not satisfied, there-
fore, the pixel values of the first gray pattern image
DstAlphal[il[ylix]l (i = 0) are determined as shown in FIG.
25.

Image pictures of the original gray pattern SrcAl-

20 phaly]l[x] and the divided gray pattern DstAlphalillyl[x].
i.e., their image pictures displayed on the display monitor,
will be described below.

The gray pattern image SrcAlphaly](x] shown in FIG. 24
is displayed as a gray pattern image picture ISrcAlphaly][x]

25 shown in FIG. 26.

In FIG. 26, the displayed gray pattern image picture

ISrcAlphalylix] is black in its lower right area, becomes



The first divided gray pattern inmage Dst Al pha[O][y][x] 5 shown in FIG 25
is displayed as a gray pattern imge pic- ture |IDstAl pha[0][y][Xx] shown in
FI G 27.wovoirosss 27, the displayed gray pattern inage pi GQIrE00/06137

| Dst Al pha(O0][y][x] is black (value of "0") in about 7/8 of the entire area
from the upper left area downwardl yaho the right, becones succes 10 sively
dark gray, nediumgray, and |ight gray fromthe black area in the

directi d Sl vt P A e LRGP MV uRWrd$, Wahd €11 §Rt | §Bay OPLHm! LB area.

It can be understood that™ the divided gray pattern im age
Dst Al phaf QL VAded 15 @hd' PLASSErbrE Wn@PEieEd byREket Satowd) hfapigduced by

converting the original gray pattern imge SrcAl pha[y][x] according to the

desi re&;ﬁ{'@@%ﬁ%@ﬁéﬁ@rﬁéf@%ﬁéi‘ﬂ‘ shown in FIG 22. Then, a second
di vided ‘gray pattern Thage DstAl - pha[l1l][y][x] is generated. 20 Wen the

generati on OfndNELILE Shi gl ddd OFr gt WaPELLE' TnabdBoee RPpRA PORL Y ) [ X]

i's
finished, i.e., en the condi™= In step S53 I's not satisfied, the

orgler !sﬁgwﬂ'ln lﬁg%lggg£§di§)y?%ssé?aé%%§pa§5§’gffgx'éﬁ%{tgrﬁ gmag\.f@eﬁih—: 2, the

condition 1n stej I's satls] and 2 rocessing in step S44 and
o1 o0 S SRS RSO TLFT) | TS £1E, 70 SLEIGYChT, HhE Pinel
ot PIBL ] 4 Pa PR o chEORE ST A pRER oyt Ok ot e
above. black (value of "0") in about 7/8 of the entire area from
the upper left area downwardly to the right, bécomes 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 DstAlphalOl[ylix] is a processed gray pattern image that
15 is produced by converting the original gray pattern image
SrcAlphal[y]l[x] according to the desired shade converting al-
gorithm shown in FIG. 22.
Then, a second divided gray pattern image DstAl-
phal[lllyllx] is generated.
20 When the generation of the first divided gray pattern
image DstAlpha{0][y]l[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-



When the condition in step S55 is finally unsatisfied, 5 first through
fifth divided gray pattern images DstAl - phal[i][y][x] have been generated.

The rel alPpsiesss bet ween the gray pattern i mage SrcAl - phapyi/gpobossrbe
di vided and the divided gray pattern inmage DstAlphal[i][y]l[x] wll be

descri bed below with reference to 10 FIGS. 28A through 28F. As can be seen
fromFIG 24, the gray pattern.i nage“l%TcAl pha[y][x] to be divided is

represented as a straight curve extendi ng progressively u rdly to the
right, tRTR 1@‘P§EhD§563rﬁhPtﬁ 1ﬁl[é] l%émmsa% q%zf‘éﬂag Risin ﬁi‘/?t’hqpe\%f ndi ca 15
tive of pixel positions along a diagonal |ine extending from._the |owernost
and ri gﬁgﬁﬁ§t ofi xbp HGaﬁ’hBaﬁgﬁéPnﬂé'l%gé’n@qC@thﬂharﬁ%]t X %ﬁe, T verti cal
axi s indicative of pixel values. The horizontal axis of the graph shown in
each of miped, ipghhet gARGgRARBEL, &5 SSSHLiRek aRAKRh of a di agonal line of
t he 20 square shape shown in FIGS. 29A through 29F, which is stan- dardized
by 256 val ue¥hedptBseFONAG oS i BEemS i & ekl rymEtiEEied and 27,
the first divided ray pattern image Dst Al pha[O][y][x] has a peak val ue
Pedk = fdrsitd thrgughafildihn Givdded FaRARfLervAnagrf Rpthksents 25 the
graph shown in FIG 28B. The second divided gray pattern inage

Dst Al phahg] [yl xIhkave besge @anarat@k- = 64 and a gradati on nunber range
WO 01/ 20555 PCT/JPOQ' 06137 -46 Range = 64, and represents the graph shown

in FIG 28C. Thee nefliatd omishiige defiwaeipdihe rgrayrRpt tFm Brege$554%] has a
peak val ue Peak = 128 and a gradation nunber range
pha{yl[x] to be divided and the divided gray pattern image

DstAlphal[illy]l[x] will be described below with reference to
10 FIGS. 28A through 28F.

As can be seen from FIG. 24, the gray pattern. image
SrcAlphaly][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[O]l[y]l[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 DstAlphallllyl[x]

has a peak value Peak = 64 and a gradation number range



Range = 64, and represents the graph shown in FIG 28D. 5 The fourth
divided gray pattern i mage Dst Al pha[3][y][Xx] has a peak val ue Peak = 192
and a gr théﬁnunber range Range = 64, and represents tpag/po@edizshown in
FIG 28E. "The trfth divided gray pattern image DstAl pha[4][y][x] has a
peak val ue Peak = 255 and a gradation nunber range 10 Range = 64, and
represents the graph shown in FIG 2#6- The rel ati onshi p between the gray
pattern inmage picture |SrcAl pha[y][x] to be divided based _on the gray

pat t er nRRaRge a7eb4r cANPHEEHTERSNES BaedgvprBBdSHANT: AB EilGi-dé8Cgray pat- tern
| mage picture |DstAl ha[i]%y%[x] to be divided based on 15 the divided gray
pattern i mgBhestripAafiVI9e@xgTav| Pabteyr- 18apppREtAdPBRIRIdK I &der ence to
FIGS. 29A through 29F. In each of FIGS. 29A through 29F, the crosshatched
re- gi onassaapeakkesiuecheal, =t hé8cpBdepyIRadakdanr BYMYRTI FaBICnext dar kest
region, the coarsely hatched region is arela 20 tively bright region, and
t he nonRamgehedéAegand repuespptghthet graghoshomngdni EdG-y 28Pach of these
regions repre- sents a gradation whose |um nance is gradually | owered from
t h& bri ght esTheefipunthoddvidefiegtarkpetteryi amageh®spAdehad 3divdil®ldi ng t he
gray pattern inmage SrcAl - 25 pha[y][x] as shown in FIG 22 is applicable to
t he gr apapaa- peeknvahugePebkas 1A@ andge dapdagfionhaugbgy Famgern i mage
picture Q@ shown in FIG 5. If the dividing process is ap WD 01/ 20555

PCT/ JPORANGE3# 6447aphi rdpreseh&sgthy paapdr shiowagdn FIG.h&8E-he di vi ded
gray pattern image DstAl pha[i][y]l[x] which is produced contains a

consi der abl eThanfiéfth davidedogsay pattern image DstAlphal4]([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
ISrcAlphal[yl[x] to be divided based on the gray pattern im-
age SrcAlphal[yl[x] to be divided and the divided gray pat-
tern image picture IDstAlphalillyl[x] to be divided based on

15 the divided gray pattern image DstAlphalillyl[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 phalyl[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-



I f the dividing process based on the sinple calcula 5 tions is enpl oyed,
then the operator is only required to set the division nunber NL to val ues

of 2 or gBr@nedsse. . NL =2, 3, 4, 5 6, and it will autometimadéesbe
possi ble to obtain various different gray pattern i mages DstAl -

phal[i][y][x] through calculations. 10_If the division nunmber NL is set to
NL =2, then it is possible to obt afA~t he reversed gray pattern inmage Id
which is the reversal of the gray pattern image Ib._ln this case, the
di vi di RFI5% s $hee SRy &atttl‘?et%r 98 P e ki v (ds’e‘éléi‘%‘ér%. 15 FI G
30 shows an i mage praocessi ng apparatus 200 accord- [n o a fourth
rtbod RAREE OHEds SE AL NN Lok % THEV S Brosticed rathbBbPa s 200
can be inplenmented by either software or hardware. As shown in FIG 30,
t he i nedfnprdEdsienFandsarcd Y@M has an original texture image
processing neans 214 conpris- ing an enlarging means 110, mhoie enl ar genent
ratio incl udes the Bivigling RHQGesy RARed D UtRS i R}e ovR1EW &7 ged col or
images froman original texture inmage la that is a color im age, and a
poBi ti onkens B SRR neden 18 feReTRLe¥ | bh o5l RI F§IHEpfatPngetne
original texture image la or the enlarged texture inmage outputted fromthe
enl ar gi #ee ribkinis 1om grumiep NIp ou% s5vakes PeLy 96aB mMoreg Fhe- i nlje=pfocessi ng
apparatus 200 also has a gray pat- tern inage g{ocessing nmeans 216
conpri s3ngta i V& di ng mes ipositbrawtematheablyreg pRstiPhei fge SrcAl pha
[yl[x] into

obtain various different gray pattern images DstAl-

phalilly]lix] 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.



two or nore imges to generate various gray pattern inmages 5
DstAlphal[i][y][X], e.g., a neans for executing the algorithm shown in FIG
22, an eR{@oPidass neans 110A, whose enl argenent ratio incl rdesprooob137f or
enlarging and outputting the gray pattern image SrcAl pha [y][X] or the
gray pattern image DstAlpha[i][yl[x] gutputted fromthe dividing neans
206, and 10 a positionally displacing*heans 130A for positionally dis-

pl aci ng the ay .pattern image_ SrcAl pha [ or. the en-_1larged gray
pattern i nagg'E‘(?u e&’rf’rc(?ﬁ%t"ﬁ’eq &ﬂ%% r%ﬂa%salsf’lg}ffs ﬁegllr%ag%egt'
processé%% apparatus 200 further in%béges a 15 conbi ni ng. neans_ (texture

i mge géf&ra ePIRSFSELES AN <n??ﬂﬁ€%%&ﬂﬁn%n4&fé§%&§1W i mages
whi ch include three _.i nput i nages fromthe origi t ex | tage

pr ocessi4?§ fl?é'aﬁé-v’}f&“é’ﬁ@ fgdi?rygi%e]?r}ré'dﬁg? r%‘?ﬁr}ﬁ'@agrw%éi t’e‘?‘ho i mage
processi ng neans 216, and a mappi ng neans 120 for mapping a 20 texture

i mage | jtWhtoF POXea R ISH f‘%ﬁ’c@p%frq‘*ﬁf‘e Vs rﬂ)‘fﬁyiﬁfgﬁre%rq rBM9$R ori gi nal
texture image processing neans 214 include the original texture inage |a,
t hé enl ph@ ldr] Vg f €0 th & SIRaRTiTRF keRuEHRe thy atgrrithm
positional ly displaced image fromthe positionally dis 25 pl aci ng neans
130. TheHBW imFdG i flge ST OHhATERT [eRT -11%4 n THRgR ‘T:J'F) Rt neans
216 includes the gray pattern imge SrcAl pha [y][X], the gray pattern

i mage DstalioNdmEuEss 5 RCT/ArPO@ricnaying Angeinyifing themxae divi ding

means 206, the enlarged gray pattern image fromthe enlargi ng means 110A,
and t he pRfsiern jigpge WraAkihe dd el datthe oFaagRatt o t Hea9®si tional |y

DstAlphal[illyl[x] outputted from the dividing means 206, and

10 a positionally displacing means 130A for positionally dis-
placing the gray pattern image SrcAlpha [yl[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]ix], the gray pattern image DstAl-



di spl aci ng means 130A. 5 The enl argenent ratios, which include x 1, in the
en- larging neans 110, 110A, the positional displacenents in the

posi tionaf by 94s3p! aci ng neans 130, 130A, and the division pagjpgrosiNs i n the
di vidi ng nmeans 206 may be selected ac- cording to the attributes Opa of the
shaped surface Op or a 10 random nunber generated by a random nunber
generator (not shown). Wth the i mag®2processi ng apparatus 200 shown in

FI G 30i at, | east one of ima%%_pr_oduced when the original tex- ture inmge

la read rhltl¥d [FdadE e iging, deang Q6 1505 RleIrdIERe
original texture irragerprocessi ng neans 214, and at | east one of images
pr oduce®ARFEFT HBAGELFTOH thee eRliaRga IS Meqha 144 1 @b aRHPE* T er ent
shades in dif- ferent positions and read fromthe image nmenory 74 or the
li ke is Yondddde dispLlaced arpYp AAtdaFn iapae ik sthy) PRuNsIOMADES ar e
sel ectively conbined with each other by the conbin- ing nmeans 212 to
gener at diglaainde me@iFe 430A-Therefore, the image processing apparatus 200
can generate various dif- ferent texture inmages |Ij. Wien the mappi ng neans
126 maps t he Thextemlargempat jrati®sontwhitdie igtelpete surf acin Gihe tdre- | mage
processi ng apparatus 200 produces a mapped i mage |k expressing the texture
of a mlarging means 1@ .f dddAnhitdie mesidikdnale diksmlacementesin @1/ 20555
PCT/ JPOO 06137 -50 The inmage processing apparatus 200 can produce various
di f- femoaitigneddy fdg@sladding means di3J VIG0A sianpl ethe rdingesiomnt .
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 [yl[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.



According to the present invention, as described above, 5 an original
texture imge and a gray pattern image having differently shaded regions
in diffewerdi2psssitions and/or a reversed gray pattern i neRgI/IPA0618T a
reversal of the gray pattern inage are conbined with each other thereby to
gener- ate a texture image. Thereforg,the texture inmage as a spe 10 cial

i mage can easily be generated with arelatively sinple arrangenent or

pr ocessj n -1 ex I e u g r d prass a
onemoofhE: R4S cBFard e b bbRLaERA 208, B an Bl R, o ot T el e
cal cul aged bas tk prection.pf _a_nor C h jrection of a
Iine-ofkgfaﬂ? @% ?gg,E@ﬁgé%hgkdggggtFoﬁgqugkeigﬁ%gﬁlé%ygfﬁgﬁﬁesource
vect or of shape surface such as a polygon, a quadratic surface, or the
li ke, aﬂanﬁay be com bined with the gray pattern i nage or the reversed

21 T4 Pe nonchBsPRazEm Spothe BrapRyknihVeRriRe AtnelRRE BB 0y

G Sl ccBl BRYRLARY, CABWIAAY HRg9 BIfuds EAY BRY SR Enale B “Bebor di ng to

i 1 act | BREGPEERE Lo SBAAEAGRPOL00E! O, RS R aPBAL N o Pty nary

V0 01/ 28855 RES TRER BRTSFD. STepR: Ghaty 1ona FAVS ST ey M50 SEAVbI ned w th
Lox- *t uPEFREDe WIRBEn SERpPRBERe PR SHC ABRST O b 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-



The above enl argi ng process and the above positionally 5 displacing
process may be conbined with each other to gener- ate a texture inmage which
expressesyygoieEs realistic nonsnooth texture. Accordi ng tRCTVIPO0/P618TeNt
invention, a special texture inmage and various different texture inages
can easily be 10 generated with a r_qolla_ti vely sinple arrangenent. Conse
quently, textures can easily be expressed. Al though certain preferred
enbodi ngnts of _t p nt__jn t {.an en .sho a Al in

det ai | ?E??esh(())ld e ifﬁg an?oéggt hg cgﬁx\ﬁgngﬁ %ﬁ.%lpl Wﬂe %%a%[e)z)%ftlt%ﬂ

I be unders at varirous changes a I cations may

clai me. esn1750E8 Behrbies) adyy b5 e O feRerklte B RS

WB1720885 Pt SPL 66147 7% 52 COLAT . . \y

or st ofihg. taadn apiERrBrbEeRbar. S rpdteieaf HrRploBt il e St or i ng
74) f tori tt ' | b)_. havi dif.f | h d

Tegions i n  AheraPBKE BBLREPONE. BarFens, Bire apbo e A v IR (108)

f mi, ni id 10 origi texture i d sai tt i

i B oaBhSPORRLRG, REPERYD! Hdoher SECARER PORL. FRED0 O B oAt IR LS 1 or

processing an_inmage, conprising. original texture i e.storing nmeans (74)
for stoPit%ga f?sxﬁﬂrSrFﬂgﬁﬁl Wbé CEPINEFE S Paf e Y%y pattern imge
storing neans 4:742: for

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.



storing a reversed gray pattern image (l1d) having pixel shades which are a
reversal of pixel shades of a gray pat- tern image (Ib) having differently
shaped r @@ @aangsdsn differ- 20 ent positions; and texture | myeIrgenasati ng
means (108) for conmbining said original texture inmage and said reversed
gray pattern inage wth each other thereby to generate a texture inmage. 25
3. An apparatus for processing an inage, conprising: original texture

i mge storing neans (74) for stoHrE# fﬁboriginal texture image (la); WO
01/ 20555 PCT/JPOQ 06137 -53 gray p 1} nh i mage storing neans (74) for
storing a gray pattern image (Ib) having differently shaped regions in
different positions; reversed gray pattern i mge storing neans (74) for 5

storing are eréPdéﬁ é Qatt rn im g g% havi.n ixeu) shades which are a
reversal of d&&+5f 8|rdp§ SSERS: & e ﬁ‘t?ltle%&tﬁe i mage
generating neans . 1 115 for texture i mage
(1h) based oR*s& 6‘%‘1@ n&r“(atg&tS&Pé g‘?@r%’ 9 mage, and
sai d reversed gga;if pattern i sai d texture i mage generatl ng means

a .Wi‘% dit@

compri si2fg 9 18)6riginal texture image with either one
of said gray atternrmaeand said reversed rasy tternrmaelSto
generate a f Sy OFHESTE ste&ng I‘ﬂ?raé‘asft(%‘1 oé)ﬂﬁ i mage
produced by enlarglng said original texture im age with the other one of
sai d grQFaﬁéﬁﬁ&* qqﬂ%ﬂ§ aed by paving differentl 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):;



reversed gray pattern imge to generate a second conbined inmage (If), and
conbining said first conbined i mage and said 20 second conbi ned inage with
each ot havobvmogenerate said tex- ture image (Ih). 4. An apRaEr/I008618Tcor di ng
to claim3, wherein said tex- ture inmage generating neans conpri ses neans
for enlarging 25 said original texturgsinmge according to a value

cal cul ated based on at |east one (Opa) of the direction of a normal

vector, the a‘irc 2% e Gmalgae s‘%foﬁ.'n@"tme\é‘icﬁt Q74 2L & Al D1/ 20555

PCT/JPC[YOGl 4 rection O0f an imaginary |ight" source vector, of a

shaped y o8 teO) ifRlgR vrrirbqhh%%%gtnp@rsrfgegrgémgﬁ driadBPRash 1 s Ay

appar at processrng an’'i nmage original texture | mage

storrngdgE%gie&14%°Sq&I%5grrng an original texture inmage (la); gray
pattern rimagé storing neans (74) for storing a gray pattern i mge (Ib)

havi ng di fferl,%q;el ' %h ?%?:r}%ﬁ# 1’Pnagge|t th%ﬁ’H Qrpesar{g o(grs?r b 10, fever sed gray

pattern inmagé storrng ne orrng reverse pattern inmage

(14 havig gyl -Mden Weh s A Siplgal ngs%a of said gray

patt ern I mage; g texture eneratin (112) 15

( 115) f Oélagierlselﬁlj a%et %.X lérV%IISrg%.ge f( lpggxet}tasg}astg gr 2 sa1 t%:laﬁal rrant ure

i mage, gr dy pat tern i mage, and Saifd *Fev Yy pa sai d
texture j enerating yreans conprising means for conbining said
ori gi nal® atr{%%ﬁige‘"]ar%ge Wth either one of

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 grayvpattern 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 d4i-



20 said gray pattern inmage and said reversed gray pattern inmage to generate
a first conbined image (le), thereafter conbin- ing an i nmage produced by
posi ti ongbloyre§sspl aci ng said origi- nal texture image w t lrCriyeooziendsr one of
said gray pattern inmage which is positionally displaced and said reversed
gray 25 pattern image which is posigggnally di spl aced to generate a second
conbi ned i mage (1g), and conbining said first com bined i rage and said

secondrceoc Ogled)frgg réa ﬁa%m](;)é. rsd@(?é/\?é)ééérPCJf‘]g%ggeﬁ? -55- to

generate said texture | apparatus according fo claimb5, wherein

said tex- g,cture i & naCFQ'E %r?gsa@@”?e}?@&@é'%ﬁé gelagsmggf, eROsitionally 5

dlsplaéi ure Trmge accor to a ue cal cul ated
based on at |east one ((pa) of the direction of a normal vector, the
di rection of a | i ne- of -si ght vector, and the direction of an inmaginary

l'i ght sourc th%gpégaﬁbﬁeﬁ%fggﬁgg%% ( )18Qgg “@bﬁ rigig texture

imge is m oring a progran ga|dgwogram

h
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di fferent 05|t|o and S3)_co ng said original texture inage and
sai d gﬁ%ygﬁkﬁ%%ﬁ % %%%ng$%5a texture image (1h). 8 A recording

("zfi'z;nz;zr'@ﬁaa ramlfl%'&%ju$€°?¥agem%$a§°gﬂa ) kB9 LiB-2hgPg o (S1D)
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



a reversed gray pattern inmage (1d) having pixel shades which are a
reversal of pixel shades of a gray pattern image (I b) having differently
shaped r egoongossh di fferent positions; 25 and (S13) conbi nPEHIBMVMGITr i gi na
texture image and said reversed gray pattern inmage to generate a texture

i mage. WO 01/20555 PCT/JPOQ 06137 -5659. A recording nediumstoring a
program said program conprising the steps of: (S21), (S22), (S23) reading

an origig ?5 5%§%Qreshggggexkh§% éﬁ¥%£ay pattern inmage (1b) having

di fferent ape regions in rent positions, and a reversed gray
pattern image (I1d) having pixel shades which are a reversal of pixe
shades of said gray pattern inmage; and (S24) - (827) generating a texture

i mge (1h) b%se%nos%gg%?a%%“ %‘c%%ldltn%tt%r eclzﬁgg‘%} et eifYs azit{*’é:?h' Tage,

and 10 said rever gray pa tern’i generati ng

textur eﬂu'}%gﬁm rde?lerl%tﬂ'%ne 2 S 1:(1%%45;) él{etaqps @J}g oaél %ﬂagi

texture Tmagée w el ther sald-gray ern imade and- sala;fl ever sed
Sk or RgRbarind %%%%. r?%gl%?[f‘%r s C°”F«"ﬂ'a<$°$°§rada”r§93"‘fo ( Sé%%‘tﬁ%?h?%g
rover scd iy BaE BAFLorlk it ?atso"&%ﬁé’ﬁa 25 o?ei%}s"%% W Fegs: and
(S27) C%rcr)brlmrg n%‘ecaf:I g fltrhset dcl(%rg%ltr}_%% Io %e air}lde So -51ght vector, and
the direction of an imaginary light source vector, of a
shaped surface (Op) onto which said texture imége is mapped.
10
7. A recording medium storing a program, said program
comprising the steps of:
(S1), (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.



second conbi ned i mage with each other to generate said tex- ture inmage. 25
10. A recording nmediumaccording to claim9, wherein said step of

enl ar gi ngvaei/zdssw i gi nal texture i mage conprises the step BETIRGYOOIBT 20555
PCT/ JPOQ 06137 -57 enlarging said original texture inmage according to a
val ue cal cul ated based on at |east opgg(Opa) of the direc- tion of a nornal
vector, the direction of a line-of-sight vector, and the direction of an

i magi nary |ight 25 QiR il Sddum @t&rﬁl’@%‘?ﬁdﬁﬁé&e 44 Prdgrapi ch said

texture image 1is mapped. 11. A recording nediumstoring a program said

programg o?rg?ﬂ.éﬁ'gﬂgthteh%t%tp%o%ﬂf 10 (S31), (S32), (S33) reading an

ori gi nal ture”i nage a gray pattern image (1b) having dlfferently
shaped regi n rent 'féaﬁﬁsn AW i EMEL PE@e PELL i mage
(1d) having 8%)9{2]1) shacffzq vvr:tlsc are rever sa flpl xg‘ﬁe sha%les 0 sal d gray

pattern (fIA0Ca iyl dtitbn ln(a'ijg)ug@ﬁ%@&i it Feii €1} Bepdd ) based

sal ori‘gin I'mage,” sai'd gray pattern image,” and - said

Lﬁx%:fiﬁre@;f %s% B, R R B
e ¢l IR o USRS, A L 3 SN Pt Sy Pt
sai d Orléhaégs é¥(sa1d 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;
(826) 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:



ture inmage to generate a positionally displaced inmage; 25 (S36) conbining
said positionally displaced image wth the other one of said gray pattern
i mge whivg1i295550si - tional |y displaced and said reversed RATAPOROGISEr n

i mge WO 01/ 20555 PCT/ JPOQ 06137 -58 which is positionally displaced to
generate a second com bined inmage; _g3d (S37) conbining said first conbined
i mage and said second conbi ned i nrage with each other to generate said tex

S ture '"39 nigrg fh §E5R1 41 08; améﬁeei—gl fHlabe abebfulhg WBepein said

step of p05| drsplacing said original téexture 1inmage conprises the

step of g, pg%{:ag&gégybggé@'@ﬁ'ggeiéagt%hg @a;» a) CYEUERe! ARYBGAC Cording

to a va ue ca ased on at ast one the direction of a

nor mal eéfﬁéfyghgoﬁ@éfCSEQPOPf @? &Er?eElgthE Keﬁﬁﬁéhof?%ﬁ%B% direction

of an i source ve aped surtace ont o whi ch

sai d tex- %?rﬁgég?hgﬁ e i§eg§98 d fl?u 4 | gg@g\gﬁ anlgbggcgh%egteps of :

(S11), an orrgina d a reversed gray

tern nage (Id% havi.n e i 045! LS L pixe
hades bPTa 8Fa9 Q?PsgngPﬁgﬁge(?§§9h§9$§g%§lFﬁeF%ht %e%%égédah °ons i n
di fferent $05|t|ons and (S13) conbining said orlglnal texture i mage and
said r&9eP@BH®Gray pattern inmge to generate a texture image. 25

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



14. An apparatus for processing an inmage, conprising: original texture

i mage storing neans (74) for storing WO 01/20555 PCT/JPOQ 06137 -59- an
ori gi nal west205%5 | mage (la); original texture inage procesBCHIPWIARS (214)
for proc- essing said original texture inmge to generate a processed
original texture inmage, 5 gray patter&ginage storing neans (74) for storing
a gray pattern imge having differently shaped regions in dif- ferent

posi ti opRichr 3% PakieiBnhTa9eaRsPAITTI L I RN A )a fRcdHP & i ng said
gray pattern inmage to generate a processed gray 10 pattern inmage; and

t ext ur eyl HRAE 1AGQLL akhAY Means (212) for combining said original texture

i mage or said processed texture image with said gray pattern i mage and/ or

sai d processed 9ra¥s§§‘§tl@&ﬂbillx;!fﬁgesta‘idg‘%&‘irs%é%oﬁxb&?ﬁétd”iﬁuéd@%d P An

apparatus according to claim14, "wherein sai original texture inmge
Pr 09655%%%0%32%"1%%&( 1@be iR .)eacfrP'BJJHe%esc e U4 G g and/ or
positionally displacing said original texture i1rmage to generate said

precessed 0-@%'%inal texture image, and said gray pattern inmage process-
i ng means o1 ? 06), (110A), (130A)) conprises neans for performng at
| east one of processes of converting the shades of said gray pattern inmage
according to a shade con- verting algorithm enlarging said gray pattern

i mage, and 23 ;004 LsQ3ldi% oo bl 13 WSS Y A RALGE M1 MRS Penerate

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:
(811), (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



sai d processed gray pattern image. WO 01/20555 PCT/JPOQ 06137 -60 16. A
recordi ng medium storing a program said program conprising the steps of:
readi ng o @rdogssnal texture inmage (la) and a gray pat- terRCT/JJrae6137T b)
having differently shaped regions in differ- 5 ent positions; processing
said original texture inmage to generaglg a processed original texture

i mage; processing said gray pattern image to generate a proc- essed gray

pattern ing?gg%ggg %ngngi?hggesg&gpqriginaI texture i mage or said
aid’g

processgﬂ Ure rrnage w ay pattern i mage and/or said proc-

med um aceor AFRG-EBLC PRk T IHAER. By O RE S melER" (Al BeaTERG 0

Sal process

original texture.i.nage cQ rises the step of |_ar.gi r

posi t| oREFEPUCFSAMaBrRg LR FegtiEenraitsr oot 3 sitietend s ¢
processed. originalttexture i mage, and said step of processing said gray
pat t er nOF ARt oMFFEES tH898¢ep of perfornming at |east 20 one of processes

ot ey ey PSS  thed Selhd A O T SR G 0, P o
9Pl 20 o9, ST Bhbal heL e 0 9SS ahe a0 d proseosel! ey
origina%eggé%uggskqﬁ %Sgla) and a gray pat
gray pattern image processing means (216) for process-
ing said gray pattern image to generate a procéssed 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/JPOQO 06137 -61 tern image (Ib) having differently shaped
regions in differ- ent positions; processing said original texture inmage to
gener at e wo opz0s8essed original texture inmage; 5 processi ngPERIRDIPOEY
pattern inmage to generate a proc- essed gray pattern inmage; and conbining
said original texture inage or said prgcessed texture image with said gray
pattern image and/or said proc- essed gray pattern image to generate a

texture | mm0e s 10y L0eodr LRGSR RGROLELRING CaChRblLA, WASECRoRM ot ep

of processing said original texture | nmage t he step argi ng

and/ or pggﬁéfgg #ytﬁés§£ Engesai d orlglnal texture image to generate
sai d proces gl nal ture 15 image, and said step of processing said

G2y paLlern LgRdeng CONELESEANC SER-Dl 1RRRLC(hD0RAN LEBTRy B!

processes of conver tlng t ades of sail ray pattern-i ccord- ing

to a Sha9§f§°g¥§%%agl HQG%ﬁgnhlfﬁé Htﬂ? gﬁ%ﬁgg;§¥818ﬁkt§5”dl¥§% and

pOSI tiona sal ray pattern generat e sal

progessegngrﬁgsféiéﬁép | mage.

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-
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-61~
tern image (Ib) having differently shaped regions in differ-
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

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.

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
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

image to generate said processed gray pattern image.



