
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0040999 A1 

FUKUDA 

US 20010040999A1 

(43) Pub. Date: Nov. 15, 2001 

(54) 

(76) 

(21) 

(22) 

(30) 

Jan. 14, 1998 

IMAGE PROCESSING APPARATUS AND 
IMAGE PROCESSING METHOD 

Inventor: NOBUHIRO FUKUDA, TOKYO (JP) 

Correspondence Address: 
DICKSTEIN SHAPIRO MORIN & OSHINSKY 
2101 L STREET NW 
WASHINGTON, DC 200371526 

Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

Appl. No.: 09/220,460 

Filed: Dec. 24, 1998 

Foreign Application Priority Data 

(JP) ............................................. .. 10-5304 

Publication Classi?cation 

(51) Im. c1? . .... .. G06K 9/00 

(52) Us. 01. ............................................................ ..382/162 

(57) ABSTRACT 

The present invention detects polygons located in a region of 
diffused light or specular light, divides that polygon and 
generates subdivided polygons, and for those polygons, 
carries out lighting processing and rendering processing 
using linear interpolation according to the conventional 
Gouraud shading method. In consideration of the ef?ciency 
of the image processing, the present invention does not 
subdivide all the polygons, but rather subdivides the poly 
gons located Within the area of diffused light or specular 
light. Or, the present invention subdivides only those poly 
gons located Within areas Where the intensity of the diffused 
light or specular light varies. 
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FIG. 2 
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FIG. 3 
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FIG. 7 
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IMAGE PROCESSING APPARATUS 
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FLOWCHART FOR IMAGE PROCESSING 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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IMAGE PROCESSING APPARATUS AND IMAGE 
PROCESSING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an image process 
ing apparatus, and more particularly to an image processing 
apparatus and method Which can more realistically display 
re?ected light such as diffused light and specular light in 
relation to a light source; the present invention also relates 
to a recording medium for storing a program Which has a 
computer execute an image processing procedure. 

[0003] 2. Description of the Related Art 

[0004] Computer simulations and computer games require 
image processing, for generating image data for a display 
screen according to the input data provided, to generate 
more realistic images in real time. Before noW, image 
processing comprised the folloWing: ?nding coordinates for 
?at, multi-sided ?gures or polygons Within a three-dimen 
sional space according to the input data and the like; 
carrying out perspective conversion to tWo dimensional 
coordinates of the display screen, for polygons located 
Within the display screen; and generating color data for each 
pixel in the polygon. 

[0005] In such an instance, the polygon data used com 
prises vertex data, such as color or brightness data, normal 
vectors, and the three-dimensional coordinates of the ver 
texes of the polygon. With the vertex data based on a 
tWo-dimensional coordinate plane, a rendering process gen 
erates color data by performing interpolation (linear inter 
polation) according to a linear function based on the vertex 
data for each pixel in the polygon. 

[0006] In order for the display of more realistic images, 
the effects of the light source must be re?ected in the image. 
Light sources include point light sources, such as sunlight, 
With very high brightness; light sources such as a spotlight 
or laser light source, having directionality and high bright 
ness in that direction; and light sources such as starlight, 
With loW brightness, but With directionality and Which are 
re?ected by a mirror surface or the like. Light from such 
light sources is re?ected by an object. This re?ection can be 
classi?ed as diffused re?ection or specular re?ection. The 
diffused light from diffused re?ection is re?ected uniformly 
in all directions by an object. On the other hand, the specular 
light from specular re?ection is the re?ection of light With 
directionality and is re?ected With directionality in a direc 
tion Wherein the angle of re?ection is equal to the angle of 
incidence. Diffused light, such as the midday sun, includes 
diffused light due to direct illumination from the sun and 
ambient light or environmental light from light re?ected off 
surrounding objects. Because environmental light consists 
of innumerable light sources, environmental light is gener 
ally processed as a constant term for diffused light in image 
processing using computers. 

[0007] The aforementioned diffused light and specular 
light are characteriZed by high brightness Within a speci?ed 
area of illumination and decreasing brightness at the periph 
ery of that area. For example, in a ?eld illuminated by a 
spotlight, only a limited area is an area With high brightness. 
Specular light from a light source re?ected by a mirror 
surface likeWise has high brightness in a limited area. 
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[0008] The color data of the vertex data composing the 
aforementioned polygon data must be generated With con 
sideration given to the object’s color, as Well as brightness 
due to the aforementioned re?ected light, and the color of 
the light itself. 

[0009] HoWever, the rendering process in image process 
ing using polygons generally uses the Gouraud shading 
method, using linear interpolation of vertex data. For this 
reason, effective lighting processing is not possible, depend 
ing on the positional relationship of that area and the 
polygon, in the case of high brightness in a uniform area 
such as With the diffused light and specular light. 

[0010] FIG. 12 is a draWing to explain the problems With 
the Gouraud shading method. In this ?gure, a spotlight 10 
directly illuminates one portion of a triangular polygon 1, 
comprising vertexes A, B, and C. Consequently, diffused 
light is generated in this area 10. For this reason, lighting 
processing re?ecting the color of the spotlight and the high 
brightness must be carried out for this area 10. HoWever, 
none of the vertexes of the polygon 1 is located Within the 
area 10 and as a result, nothing is re?ected in the vertex 
brightness and color data. The diffused light of the area 10 
is therefore not re?ected in the polygon 1. 

[0011] FIG. 13 is a draWing to explain further problems 
With the Gouraud shading method. In this ?gure, only one 
portion, including the vertex C of a triangular polygon 1 
comprising vertexes A, B, and C, is illuminated. In this case, 
lighting processing using diffused light is carried out for the 
vertex C, but not for vertexes A and B. When the rendering 
process using the Gouraud shading method With linear 
interpolation is carried out, the results are then as shoWn in 
the loWer portion of FIG. 13. The area 12 in the right half 
of the polygon 1 has high brightness and re?ects the color of 
the light source, but gradually toWard the left side (in a linear 
manner), brightness becomes loW and the color of the light 
source is not re?ected. Brightness becomes loW in the area 
14 in the left half. 

[0012] Such a display can not correctly shoW the illumi 
nation of only a portion at the left side of the polygon 1 as 
shoWn in the upper portion of FIG. 13. 

[0013] FIG. 14 is a draWing to explain further problems 
With the Gouraud shading method. In this ?gure, a spotlight, 
or the like, illuminates an object comprising a plurality of 
polygons. The edge of the illuminated area 10 forms a 
smooth circle. With the Gouraud shading method as shoWn 
in FIG. 13, only the linear changes, according to linear 
interpolation, can be displayed for the portions of the 
polygons With vertexes located Within the area 10. Conse 
quently, the edge becomes uneven as shoWn With the dotted 
line 12 in the ?gure. Also, as shoWn in FIG. 12, the lighting 
processing is not carried out for a polygon When the area 10 
overlaps a portion of polygon but none of its vertexes is 
located Within the area 10. In such case, also the edge of the 
area 10 becomes uneven in FIG. 14. 

[0014] Furthermore, the luminous intensity Within the area 
10 is, generally speaking, great at the center and small at the 
edges. It is dif?cult to reproduce this distribution of lumi 
nous intensity in a realistic manner using linear interpolation 
in the Gouraud shading method. 

[0015] MeanWhile, another image processing method, the 
Phong shading method, has been proposed. In this method, 
the normal vector is found for each pixel and lighting 
processing With the normal vector and light source vector is 
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performed for each pixel. However, the Phong shading 
method requires an enormous number of calculations and is 
therefore not realistic for game apparatuses and simulators 
Which require real time processing. 

SUMMARY OF THE INVENTION 

[0016] In vieW of the aforementioned issues, it is an object 
of the present invention to provide an image processing 
apparatus and method, able to perform more realistic light 
ing processing, and a recording medium for storing a pro 
gram Which has a computer execute the procedure. 

[0017] It is another object of the present invention to 
provide an image processing apparatus and method, Which 
can perform more realistic lighting processing and minimiZe 
increases in calculations While resolving the problems With 
Gouraud shading, and a recording medium for storing a 
program Which has a computer execute the procedure. 

[0018] In order to achieve the aforementioned objects, the 
present invention detects polygons located in a region of 
diffused light or specular light, divides that polygon and 
generates subdivided polygons, and for those polygons, 
carries out lighting processing and rendering processing 
using linear interpolation according to the conventional 
Gouraud shading method. In consideration of the ef?ciency 
of the image processing, the present invention does not 
subdivide all the polygons, but rather subdivides the poly 
gons located Within the area of diffused light or specular 
light. Or, the present invention subdivides only those poly 
gons located Within areas Where the intensity of the diffused 
light or specular light varies. 

[0019] With the aforementioned invention, only the parts 
of the polygons located Within areas of diffused light or 
specular light are subdivided and other polygons are pro 
cessed at their original siZe as before. Consequently, linear 
interpolation With the conventional Gouraud shading 
method is carried out for the subdivided polygons in areas 
Where changes in brightness and color are to be effectively 
displayed With lighting processing. More realistic lighting 
processing can thereby be used to generate images Without 
a corresponding increase in processing. 

[0020] To attain the aforementioned objects, the present 
invention is an image processing apparatus, for generating 
image data from data for a plurality of polygons, compris 
ing: vertex data generating portion for generating polygon 
data comprising vertex data Which includes vertex coordi 
nates, color or brightness data, and light source data com 
prising data of illuminated area by a light source; dividing 
those of the aforementioned plurality of polygons Which are 
located Within the illuminated area to generate neW vertex 
data; and carrying out processing of re?ected light in rela 
tion to the light source, for the color or brightness data of the 
vertexes located Within the illuminated area; and a rendering 
processing portion for generating color data for the pixels 
Within the aforementioned polygons using the aforemen 
tioned vertex coordinate, color or brightness data generated 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a draWing to explain an embodiment of 
the present invention; 

[0022] FIG. 2 is a draWing for explaining diffused light 
and specular light; 

[0023] FIG. 3 is a draWing shoWing a lighting model; 
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[0024] FIG. 4 is a ?gure for explaining the method for 
distinguishing polygons subject to division in the case of a 
lighting model Wherein the luminous intensity distribution 
has a normal distribution form; 

[0025] FIG. 5 is a ?gure for explaining the method for 
distinguishing polygons subject to division in the case of a 
lighting model Wherein the luminous intensity distribution is 
in the form of a clamped and cut normal distribution; 

[0026] FIG. 6 is a ?gure for explaining the method for 
distinguishing polygons subject to division in the case of a 
lighting model Wherein the luminous intensity distribution 
has purely rectangular form; 

[0027] FIG. 7 is a ?gure for explaining the method for 
distinguishing polygons subject to division in the case of a 
lighting model Wherein the luminous intensity distribution 
has a purely trapeZoidal form; 

[0028] FIG. 8 is a block diagram of the image processing 
apparatus of an embodiment; 

[0029] FIG. 9 is a How chart of the entire process of image 
processing; 
[0030] FIG. 10 is a diagram to shoW the illuminated area 
processed by Gouraud shading in the event of polygon 
division in the embodiment; 

[0031] FIG. 11 is a diagram shoWing an example of the 
method for dividing polygons; 

[0032] FIG. 12 is a diagram to explain problems With 
Gouraud shading; 

[0033] FIG. 13 is a diagram to explain problems With 
Gouraud shading; and 

[0034] FIG. 14 is a diagram to explain problems With 
Gouraud shading. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] BeloW, the preferred embodiment of the present 
invention is explained With reference to the ?gures. HoW 
ever, these embodiments do not limit the technical scope of 
the present invention. 

[0036] FIG. 1 is a draWing to explain an embodiment of 
the present invention. FIG. 1A corresponds to the situation 
explained using FIG. 12 of the background art. In this case, 
an area 10 of diffused light and specular light is positioned 
over part of a polygon 1 comprising vertexes A, B, and C. 
In order for the area 10 to be re?ected in the polygon 1, 
although the vertexes of the polygon 1 are not located Within 
the area 10, neW vertexes D, E, and F are generated and the 
polygon 1 comprising vertexes A, B, and C is divided into 
four parts. As a result, the vertex D becomes located Within 
the area 10 and lighting processing is carried out for the 
vertex D. As a result, area 24 of a polygon With vertexes A, 
E, and D, area 25 of a polygon With vertexes D, E, and F, and 
area 26 of a polygon With vertexes D, F, and C come to have 
high brightness and are in?uenced by the color of the light 
source. 

[0037] FIG. 1B corresponds to the situation explained 
using FIG. 13 of the background art. In FIG. 13, the vertex 
C, at least, is located Within the area 10, but it is not possible 
to correctly represent the edges of the area 10 by applying 
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linear interpolation, according to a pure Gouraud shading 
method, to the polygon 1. In the embodiment of the present 
invention, as in FIG. 1B, the polygon is subdivided and neW 
vertexes D, E, and F are generated, even When some of the 
original vertexes are Within the area 10. Then vertex data are 
generated for those vertexes and rendering processing of 
Gouraud shading method is carried out. As a result, the right 
half of the area 27 of the polygon With vertexes D, E, and F 
is provided high brightness and is in?uenced by the color of 
the light source. 

[0038] Furthermore, the present invention is not limited to 
the aforementioned example and can distinguish polygons 
subject to division corresponding to an established lighting 
model. A polygon subject to division is subdivided by the 
generation of neW vertexes. For example, a polygon, part of 
Which is located Within an area Where the luminous intensity 
of the lighting model varies (gradient of luminous intensity), 
is subject to division. Or, in the case Where a lighting model 
includes an area has a constant luminous intensity and other 
areas have a luminous intensity of Zero, only the portions of 
a polygon Within that area Where intensity is constant are 
subject to division. Polygons located entirely Within or 
outside of the area are not subject to division. 

[0039] In image processing using computers, the lighting 
model is determined as an arbitrary and arti?cial standard by 
the designer. Consequently, it is impossible to explain hoW 
polygons are to be selected for subdivision according to a 
lighting model. HoWever, if polygons sorted according to a 
uniform standard are subject to division, it is possible to 
generate a more realistic, lighting processed image than is 
the conventional case of applying the Gouraud shading 
method uniformly to all the original polygons. 

[0040] FIG. 2 is a ?gure for explaining diffused light and 
specular light. FIG. 2 shoWs a light source 20 and a polygon 
1, an area 10D of diffused light from the light source 20, and 
an area 105 of specular light from a light source 22. When 
the light source 20 is directional in a single direction, 
diffused light is generated in an area 10D directly illumi 
nated by light from this source. The intensity of this diffused 
light can be expressed as the inner product, cos 0, of the light 
vector L and normal vector N. For example, the intensity I 
of the diffused light can be expressed as folloWs With 
intensity II of incident light from the light source 20, the 
diffuse re?ection coef?cient Kd, and angle 0 of the light 
vector L and normal vector N: 

[0041] I8 is the environmental luminous intensity and K8 is 
the re?ection coef?cient of environmental light. 

[0042] MeanWhile, FIG. 2 shoWs a light source 22 and an 
area 105 of specular light Where the light source 22 is 
mirror-re?ected by the polygon 1. This specular light IS can 
be expressed as folloWs With intensity II of incident light 
from the light source 22, the re?ection coef?cient KS, and 
angle 0t of the re?ection vector R and sight vector S: 

[0043] In either of these cases, for a lighting model With 
light spreading in uniform conic angles (pd, (I)S from the light 
source, the in?uence of the re?ected light of both must be 
provided to a polygon located Within the areas illuminated 
by those conic angles (pd and (1)5. As understood from the 
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foregoing explanation, the effects of the light source must be 
applied to polygons located Within areas illuminated by light 
from the light source. 

[0044] FIG. 3 is a draWing shoWing a lighting model. This 
lighting model is an example Wherein the luminous intensity 
from the light source 29 has a normal distribution depending 
on the conic angle 4). Generally, the central portion 31 of the 
conic angle of the light source is the area Where the luminous 
intensity is strong and the peripheral portion 32 is an area 
Where the luminous intensity is Weak. 

[0045] In image processing using computers, the lighting 
model sometimes uses an intensity distribution Wherein the 
luminous intensity of the central portion of the luminous 
intensity distribution is clamped and the luminous intensity 
outside of the peripheral portion of the light distribution is 
cut. In other Words, this is the luminous intensity distribution 
41 shoWn With the solid lines in the ?gure. Adistribution of 
256 gradations, for example, is allocated to each luminous 
intensity; thereby making it possible for the human eye to 
distinguish ?ner differences in luminous intensity With the 
use of feW gradations. 

[0046] As discussed above, the lighting model is deter 
mined by a designer’s arbitrary standard; there are no limits 
to the type used. HoWever, the lighting model can generally 
be expressed With the conic angle 4) and the distribution of 
luminous intensity, as shoWn in FIG. 3. In the present 
embodiment, polygons affected by diffused re?ected light 
and mirror-re?ected light (specular light) are distinguished 
according to this distribution. 

[0047] FIG. 4 is a ?gure for explaining the method to 
distinguish polygons subject to division in the case of a 
lighting model Where the luminous intensity distribution is 
in the form of normal distribution. In this example, an area 
30 Where the luminous intensity I1 is not Zero is de?ned. 
When even part of a polygon is located Within this area 30, 
that polygon is divided and neW vectors generated. For 
example, in FIG. 4, at least a portion of each of the polygons 
P1, P2, and P3 is located Within the area 30. These polygons 
must therefore re?ect the effects of the light source and so 
are identi?ed as being subject to division. Also, the polygon 
P4 Which is located entirely outside of the area 40 is not 
subject to division. The aforementioned polygons P1, P2, 
and P3 are identi?ed as being subject to division since the 
change of luminous intensity thereof is not uniform. 

[0048] The normal vectors, brightness data, color data, 
and so forth, of the neW vertexes are found, as discussed 
beloW, for the neWly generated vertexes of the polygons 
identi?ed as subjects of division. Using the normal vectors, 
lighting processing is carried out for the texture data, bright 
ness data, and color data. Linear interpolation according to 
the Gouraud shading method, is carried out on the basis of 
the data for the neW vectors in the rendering process Which 
folloWs. 

[0049] FIG. 5 is a ?gure for explaining the method to 
identify polygons subject to division in the case of a lighting 
model Where the luminous intensity distribution is a 
clamped and cut normal distribution. As explained With the 
lighting model in FIG. 3, this method has been used as a 
method for allocating the luminous intensity distribution 
most effectively for a ?nite number of brightness gradations. 
Speci?cally, the clamped area Where the luminous intensity 
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is very high cannot be distinguished by the human eye; 
therefore, the luminous intensity distribution 41 is prefer 
ably clamped to a uniform brightness. Also, areas Where the 
normal distribution approaches Zero are large areas Which 
cannot be distinguished by the human eye; therefore, the 
distribution 41 is preferably cut off beloW a certain value. As 
a result, the luminous intensity distribution 41 in the lighting 
model in FIG. 5 becomes as shoWn With the solid lines in 
the ?gure. 

[0050] In this case, the clamped area 32 and the area 31 
Where the luminous intensity is not Zero are de?ned. The 
polygon P10 is located entirely Within the clamped area 
Wherein the luminous intensity distribution is uniform; neW 
division is therefore unnecessary. The polygons P11 and 
P12, located Within both area 32 and area 31, are identi?ed 
as polygons subject to division because the luminous inten 
sity varies non-linearly therein. Furthermore, the polygon 
P13, located betWeen areas 31 and 32, as Well as polygons 
P14 and P15, parts of Which are Within area 31, are identi?ed 
as polygons subject to division because the luminous inten 
sity varies non-linearly therein. The polygon P16, located 
entirely outside of area 31, is not subject to division. 

[0051] In the example in FIG. 5, it is not necessary to 
generate neW vertexes and subdivide the polygon P10, all 
vertexes of Which are Within areas Where luminous intensity 
does not vary, such as area 32. 

[0052] In the example in FIG. 5, the gradient of the 
luminous intensity distribution is constant for the polygon 
P13, all vertexes of Which are located Within the donut 
shaped area betWeen area 31 and area 32. Consequently, it 
is acceptable that this polygon not be subdivided, since the 
results of linear interpolation in the gloW shading method 
Will be the same, even if this polygon P13 is subdivided. An 
algorithm for identifying polygons to be divided can be 
determined in accord With the display results and the display 
objective. 

[0053] FIG. 6 is a draWing to explain the method for 
identifying polygons subject to division in the case of a 
lighting model Wherein the luminous intensity distribution is 
a simple rectangle. The model in FIG. 6 concerns a light 
source having uniform luminous intensity. Speci?cally, this 
is a model Wherein the entire area Within the conic angle 
from the light source has uniform luminous intensity. The 
area 33 is de?ned for the luminous intensity distribution 43. 

[0054] With the lighting model in FIG. 6, the polygon 
P20, all vertexes of Which are located Within the area 33, is 
not subject to division because the luminous intensity 
therein is constant. Also, polygons such as P21 and P22, 
parts of Which are located Within area 33, are subject to 
subdivision. These polygons P21 and P22 include areas 
illuminated by light and areas not illuminated by light. The 
sharp edge form of the area 33 cannot be represented With 
a rendering process using simply linear interpolation. Con 
sequently, subdividing these polygons makes it possible to 
display the edge form more sharply. Moreover, the polygon 
P23 located outside the area 33 is of course not subject to 
subdivision. 

[0055] FIG. 7 is a draWing to explain the method for 
identifying polygons subject to division in the case of a 
lighting model Wherein the luminous intensity distribution is 
a simple trapeZoid. The model in FIG. 7 concerns a lighting 
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model With a luminous intensity distribution 44, Wherein the 
normal distribution form 40 in FIGS. 2 and 4, for example, 
is clamped and cut, and the inclined portion is made linear. 
The areas 34 and 35 are de?ned for the luminous intensity 
distribution 44. 

[0056] As in the aforementioned models, the polygon P30, 
having all vertexes located Within area 35, is not subject to 
subdivision. The polygons P31 and 32, present in both areas 
35 and 34, are subject to subdivision because of the varying 
changes of luminous intensity therein. As a result, the edge 
form of the area 35 can be more sharply represented. 
Furthermore, the polygon 33, all vertexes of Which are 
located in the area betWeen areas 35 and 34, is not subject 
to subdivision. Because the luminous intensity in this poly 
gon changes linearly, the luminous intensity for the vertex 
data Will also change linearly, even if they are found using 
linear interpolation. The polygons P34 and P35, parts of 
Which are located in area 34, are subject to subdivision. The 
polygon 36, outside of area 34, is not subject to subdivision. 

[0057] As above, the determination of Whether a polygon 
is subject to division varies depending on the light distri 
bution model for the light source. HoWever, in linear inter 
polation from the vertex data in the Gouraud shading 
method, the standard for a polygon being subject to division 
can be Whether the effects of the light source are represented 
With suf?cient realism. One standard, as in the example 
explained above, is a polygon Wherein the luminous inten 
sity changes non-linearly. In effect, this is a polygon located 
in an area having variations in the gradient of luminous 
intensity (changes in luminous intensity). When the lumi 
nous intensity Within the polygon is constant, the polygon 
does not need to be divided, of course; and luminous 
intensity is constant Within the polygon even after linear 
interpolation. Also, in the case Where the luminous intensity 
in the polygon changes constantly (uniform gradient), the 
polygon does not need to be divided because the luminous 
intensity changes linearly and at a constant proportion, even 
upon linear interpolation. 

[0058] Furthermore, in areas With large changes to the 
gradient of luminous intensity, it is preferable to increase the 
extent of subdivision in order to more realistically represent 
the effects of the light source. MeanWhile, in areas Where 
changes to the gradient of luminous intensity are small, the 
effects of the light source can be represented With suf?cient 
realism With even a small degree of subdivision. In the 
example in FIG. 5, the polygons P11 and P12 may be more 
?nely divided and the polygon P13 only roughly divided. 

[0059] FIG. 8 is a block diagram of the image processing 
apparatus of the present embodiment. An operation portion 
58 for an operator to carry out input operations, a speaker 59 
for outputting sounds, and a display apparatus 66 are con 
nected to the image processing apparatus 50 of the present 
embodiment. 

[0060] In the image processing apparatus 50, the folloW 
ing are connected With a shared bus 55: an I/O processing 
portion 51 connected to the operation portion 58, ROM 53 
Wherein programs or the like for games or simulations are 
stored, RAM 52 used in calculation processes, CPU 54 for 
executing the aforementioned programs, and sound process 
ing portion 56. The sound processing portion 56 is con 
nected to the sound memory 57, Which stores sound sources 
and the like; the sound processing portion 56 processes 
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sound according to sound data generated by the CPU 54 and 
outputs the generated sound signals to a speaker 59. The 
aforementioned program may also be stored in RAM 52 
from outside the apparatus. 

[0061] The CPU 54 is related to the polygon vertex data 
generating portion. In respond to the input signals from the 
operating portion 58, the CPU executes the program Within 
the ROM 53, and generates polygon data composing an 
object. The polygon data usually comprises vertex data such 
as texture coordinates, transparency, color data, brightness 
data, normal vectors, and three-dimensional vertex coordi 
nates composing the polygon. Furthermore, the CPU 54 
executes the aforementioned program and generates light 
source data. 

[0062] Moreover, the aforementioned color data com 
prises data for the intensity of the three primary colors red 
(R), green (G), and blue (B), for example, and includes 
information on both color and brightness. MeanWhile, the 
texture data is data relating to the pattern of the polygon and 
is said to be color data having a standard brightness. 
Consequently, the aforementioned color data is generated 
from the brightness data and texture data. As vertex data, the 
color data and texture data comprise that information itself, 
but these may also be address and coordinate data pointing 
to data stored in a separate memory buffer. 

[0063] The CPU 54 also executes programs in ROM 53 
and carries out light source calculations, including color 
calculations for the vertex data With respect to the light 
source. With the present embodiment, it is determined at the 
light source calculation stage Whether the vertexes of each 
polygon are located Within areas illuminated With the light 
ing model. It is determined Whether to subdivide the polygon 
according to that positional relationship. For polygons 
Which are subject to division, neW vertexes and vertex data 
are generated and then the same type of light source calcu 
lations are made. This process is discussed later in detail. 

[0064] Vertex data for Which the aforementioned lighting 
processing has been performed are supplied to the geometry 
processing portion 60. The geometry processing portion 60 
performs similarity transformation processing, such as rotat 
ing, expanding, or contracting a polygon Within three 
dimensional coordinates, and perspective conversion pro 
cessing, such as converting a polygon Within the tWo 
dimensional coordinates on the display screen according to 
the perspective. 

[0065] Polygon data comprising vertex data Within these 
tWo-dimensional coordinates are supplied to the rendering 
processing portion 61. The rendering processing portion 61 
uses the vertex data and performs texture generation and 
color calculations for each pixel according to the raster 
scanning method; it ?nds color data for each pixel and Writes 
the color data for each pixel to the frame buffer 64. Atexture 
data buffer 62, Wherein texture data is stored, and a Z buffer 
61, Wherein the Z value shoWing the depth of each pixel 
Within the tWo-dimensional coordinates (usually, a 1/Z value 
for ease of calculation) is stored, are generally connected to 
the rendering processing portion 61. The texture data is 
taken from the texture buffer 62 on the basis of the pixel 
texture coordinates found With linear interpolation from the 
texture coordinates of the vertex data. Color data are found 
from the brightness values and this texture data (color data 
having standard brightness). For backside processing, the Z 

Nov. 15, 2001 

values of the pixels during processing are compared With the 
Z values in the Z buffer 63; only the image data of the pixels 
furthest to the front on the screen are stored in the frame 
buffer 64. The Z values of those pixels are then Written to the 
Z buffer 63. 

[0066] Before the rendering process, light source calcula 
tions, to add the in?uence of the light source, are already 
carried out for color or brightness data of the vertex data. 
Polygons in areas illuminated by the light source are then 
subdivided and light source calculations are performed for 
the neWly generated vertex data. Consequently, the render 
ing processing portion 61 performs rendering for pixels by 
linear interpolation using just the vertex data supplied; the 
rendering processing portion 61 is thereby able to generate 
more realistic images of areas illuminated by light from the 
light source. 

[0067] In a conventional image processing apparatus, the 
processing of the polygons by the aforementioned geometry 
processing portion 60 and rendering processing portion 61 
takes the form of pipeline processing, With the polygon data 
supplied being processed successively and in order. In the 
case of processing With a general purpose computer, the 
geometry processing and rendering processing are carried 
out according to processing programs for each. 

[0068] Image data, comprising a single frame of color data 
stored in the frame buffer 64, are supplied to the video 
processing portion 65 and output as an image signal to the 
display 66. 

[0069] FIG. 9 is a ?oW chart for the entire image pro 
cessing procedure using the aforementioned image process 
ing apparatus. As explained using FIG. 8, the vertex data for 
the polygons are generated in calculations by the CPU 54. 
The polygon vertex data include three-dimensional coordi 
nate values, normal vectors, color data, brightness data, and 
texture data, as explained above. The CPU 54 also generates 
light source data and vieWpoint data (S10). 

[0070] The light source data for a spotlight, for example, 
includes light source position coordinates, intensity, color, 
distance traveled by light from the light source, conic angle 
(I) as explained using FIG. 2, orientation, and the like. The 
vieWpoint data also includes the location of the vieWpoint 
(three-dimensional coordinates). 
[0071] In Step S12, the CPU 54 performs light source 
calculations for each vertex. Environmental light is the 
intensity of light applied uniformly, as explained above; the 
aforementioned IAKd is found from the light source data. The 
re?ected light from this environmental light is applied to all 
vertexes. 

[0072] The processing for diffused light is performed for 
the vertexes located Within the conic angle (pd of the lighting 
model. The luminous intensity at a vertex is found according 
to the luminous intensity distribution attained from the light 
source data. The intensity of re?ected light due to diffused 
light (11Kd cos 0) is found from the inner product (cos 0) of 
the light vector and normal vector. 

[0073] The processing for specular light is also performed 
for the vertexes located Within the conic angle (I)S of the 
lighting model. The luminous intensity at a vertex is found 
according to the luminous intensity distribution attained 
from the light source data. The re?ection vector is found on 






