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DESCRIPTION 

.. .@ 

IMAGE GENERATION METHOD AND IMAGE GENERATION DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an image generation method and image generation 

device. More specifically, the present invention relates to an image generation method 

and image generation device that generate two-dimensional images from tbree-

10 dimensional polygons and textures. 

15 

Background of the Invention 

The surfaces of objects around us often have repeated patterns of complex 

appearance, and the more complex and fine the appearance or pattern is, the more difficult 

it is to model it with triangles. One solution teclmique for this is a texture mapping. 

Texture mapping produces highly realistic images with a small number of vertices 

by overlaying image data read by a scanner, etc. onto the surface of objects. 
~ 

On the other hatid, in a graphic system, an entire three~dimensional image is 

drawn by breaking up the three-dimensional image into triangles or other polygons (unit 

figures) and drawing these polygons. · 

20 ln a graphic system that generates two-dimensional images from such 

three-dimensional polygons and textures, drawing from near the viewpoint to the tar 

distance is rendered by the texture mapping for ground surfaces, water surfaces, and 

floors. 

When one attempts to render an image by texture mapping, the texture that is 

25 mapped onto a shape-nrr the viewpoint becomes greatly stretched, which tends to blur 

the image and greatly detract from the sense of presence. 
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One way to avoid this is to use a high-density texture. But this method has the 

disadvantage of wasting a large quantity of texture memory. Also, one encounters a great 

decrease in processing speed due to page breaks in texture memory that is constituted 

with the usual kind of dynamic RAM, because access to an extensive address space is 

5 required when doing texture mapping. 

Another way to avoid this is to express textures with a combination of recursive 

affine transforms using fractal compression technology, controlling the depth of the 

recursive drawing in accordance with t~e precision required at the time of execution. 

However, this method has the disadvantage that it needs a large quantity of computation 

10 resources for recursive drawing, with not much compression possible for images of low 

recursiveness. 

And with regard to reduction or enlargement of an original image at various rates 

of reduction, the :MIPMAP technique, in which image patterns are rendered with reduced 

or enlarged textures, is superior in that there is little distortion of ~e image, and texture 

15 mapping can be done at high speed. But a problem with this MIPMAP technique is that 

shapes near the viewpoint are blurred. 

SUMMARY OF THE INVENTION 

An object of this invention, which was devised with the above-described situation 

20 in mind, is to provide an image generation method and image generation device that can 

generate more-realistic patterns in two-dimensional images by means of texture mapping 

to three-dimensional polygons. 

In order to solve the above problems, the image generation method of this 

invention generates overall patterns on polygons by the mapping of basic textures, and 

25 does amplitude modulation processing on patterns generated by the mapping of basic 

textures, by amp~tude modulation mapping of modulation textures. 
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That is, the image generation method of the present invention by means of 

amplitude modulation mapping of modulation textures, does amplitude modulation 

processing on patterns generated by the mapping of basic textures. 

This image generation method appropriately generates the details of patterns in 

5 the region near the viewpoint, i.e., the foreground. 

Also, in order to solve the above problems, the image generation device of this 

invention has a memory means that stores basic textures which is mapped to generate the 

overall pattern on a polygon, and modulation textures used to amplitude-modulate the 

patterns generated by mapping of the basic textures, and an image processing means that, 

10 by amplitude modulation mapping of modulation textures, does amplitude modulation 

processing on the patterns generated by mapping of the basic textures. 

By amplitude modulation mapping of modulation textures> an image generation 

device having such a composition does, through its image processing means, amplitude 

modulation processing on patterns generated by mapping of basic textures . 

IS In this way, the image generation device appropriately generates the details of the 

pattern in the region near the viewpoint. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing the composition of an image generation 

20 device according to an embodiment of the present invention; 

Figure 2 is a block diagram showing the configuration of the image generation 

device together with the flow of data; 

Figure 3 is a diagram showing the relationship between modulation textures and 

the dynamic range; 

25 Figure 4 is a diagram showing the case in which the modulation texture is not a 

repeated texture; 
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Figure 5 is a diagram showing the relationship of the JMIP values between a basic 

texture and a modulation texture; 

Figure 6 is a diagram showing the basic texture of MIPO; 

Figure 7 is a diagram showing the modulation texture ofMIPO; 

S Figure 8 is a diagram showing the basic texture ofMIPl; 

Figure 9 is a diagram showing the modulation texture of MIP.l; 

Figure 1 o is a diagram showing the basic texture of MIP2; 

Figure 11 is a diagram showing the modulation texture of MIP2; 

Figure 12 is a diagram showing the basic texture oflVllP3; 

10 Figure 13 is a diagram showing the modulation texture ofMIP3; 

Figure 14 is a flowchart showing the series of processing steps by which an image 

is generated using basic textures, showing the processing by which amplitude modulation 

by modulation textures is applied to the pattern of the image generated by using basic 

textures; 

15 Figure 1 S is a flowchart showing the series of processing steps by which 

amplitude modulation by modulation textures is applied to an image, showing the 

processing by which amplitude modulation by modulation textures is applied to the 

pattern of the image generated by using basic textures; 

Figs.16A and l 6B are diagrams showing an image generated by texture mapping 

20 to which the present invention is applied, and an image generated by conventional texture 

mapping; 

Figs.17 A and 17B are a diagrams showing another image generated by texture 

mapping to which this invention is applied, and an image generated by conventional 

texture mapping; and 

25 Figs. l 8A and 1 SB are diagrams showing the procedure of texture mapping 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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In the following, an embodiment of the present invention will be described in 

detail, using the drawings. This embodiment is one in which the image generation 

method and image generation device of this invention are applied to an image generation 

device that generates two-dimensional images by texture mapping to three-dimensional 

5 polygons. For example, the image generation device that is an embodiment is made so 

that it can be applied to a three-dimensional television game device, ~three-dimensional 

moving image display device, and a three-dimensional moving image transfer device. 

As shown in Figure 1, an image generation device 1 has a brightness calculation 

and coordinate transformation unit 2, LOD (level of detail) a calculation unit 3, a texture 

1 O coordinate calculation unit 4, a DDA (digital differential analyzer) unit 5, a pixel engine 6, 

and an image memory 7. 

In the image generation device 1, image memory 7 is made of a memory means in 

which are stored basic textures mapped to generate overall patterns on polygons, and 

modulation textures with which amplitude modulation is applied to the patterns generated 

15 by mapping of the basic textures, and pixel engine 6 is made of an image processing 

means that, by amplitude modulation mapping of modulation textures, performs 

amplitude modulation processing on the patterns generated by mapping of basic textures. 

Figure 2 shows the configuration, including the data flow, inside image generation 

device 1 shown in Figure 1. 

20 That is, image generation device 1 shown in Figure 2 is arranged so as to inlcude a 

texture mapping unit 21, an anti-aliasing unit 22, a fog processing unit 23, a memory 

interface 24, and a PCRTC (programmable CRT controller) 25. Also shown in Figure 2 

is a preprocessing unit 2, 3, 4, which includes the brightness calculation and coordinate 

transformation unit 2, LOD calculation unit 3, and texture coordinate calculation unit 4 of 

25 image generation device 1 shown in Figure 1. 

The constituent parts of this image generation device 1 are described in detail in 

the following. 
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Various information for generating three-dimensional images is input to image 

generation device 1, which generates images by this various information. For example, 

the various information that is input includes three-dimensional polygon vertex 

information, blend information, texture coordinate information, light source information, 

5 and viewpoint information. Image generation device 1 obtains all these informations 

from, for example, communication lines or memory devices, etc. 

For example, a description is given as follows for.polygons input to image 

generation device 1, which in general consist of polygons but in this embodiment are 

taken to be independent triangles, in order to simplify the description. As functions of the 

1 O system of image generation device 1 itself, it can be applied to various primitives 

including points and straight lines. 

Polygon information is information that consists of the coordinates 

pl(pxl,pyl,pzl), p2(px2,py2,pz2), p3{px3,py3,pz3) of the vertices of polygons that are 

independent triangles. And information on the normals of these vertices is input as 

15 nl(nxl,nyl,nyl), n2(nx2,ny2,nz2), n3(nx3,ny3,nz3). 

Texture coordinate information is information that consists of the texture 

coordinates al(sl,tl,ql), a2(s2,t2,q2), a3(s3,t3,q3) of the vertices of polygons that are 

independent triangles. 

Blend information is a blending coefficient (blend coefficient a ) showing the 

20 allocation ofblends of the image when textures are mapped. Specifically, blend 

coefficient a is set to a 1, a 2, a 3 corresponding to RGB. This blend information, 

together with the RGB values, constitute the RGBA values. 

Viewpoint information ( eyex,eyey,eyez) and light source information (lx,ly,lz) are 

information used for performing brightness calculations and coordinate transformations 

25 with respect the polygons. Also, there may be multiple items of light source information. 

Various additional information such as color infonnation or fog values may also 

be associated with each polygon vertex. 

,' 
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Here, the fog value is a value used for performing image processing so that 

objects in the distance assume the fog color; it is a value used for generating images with 

a so-called fog effect. 

Multiple independent-triangle polygons to which various such information is 

5 added are input into image generation device 1. 

Texture information, in which pixels having RGBA values are aligned in an array, 

are accessed by'the texture coordinates of the polygon vertices. 

Such polygon information is first input to brightness calculation and coordinate 

transformation unit 2 in image generation device 1. 

10 Brightness calculation and coordinate transformation unit 2 takes the polygon 

information that has been input and combines it with viewpoint information to make a 

coordinate transformation to a coordinate system for drawing. And brightness calculation 

and coordinate transformation unit 2 calculates the brightness of each vertex of each 

polygon from the viewpoint information and the light source information. 

15 Along with performing the above-described calculations, brightness calculation 

and coordinate transformation unit 2 makes a trial execution of a perspective 

transformation, etc. 

For example. by a coordinate transformation of an independent-triangle polygon, 

the coordinates of the vertices become ql(qxl,qyl,izl), q2(qx2,qy2,iz2), q3(qx3,qy3,iz3). 

20 Here, coordinates qx,qy are the coordinates on the drawing screen, and coordinates iz are 

coordinates in the depth direction of the plane transformed into integers for the z buffer. 

The brightness of each vertex is determined from the normal vector of the vertex, the 

viewpoint information, and the light source information. 

The values thus calculated by brightness calculation and coordinate 

25 transformation unit 2 are input from preprocessing unit 2, 3, 4 to DDA unit 5 as the 

gradient of the XYZ value, the gradient of the RGBA value, and the gradient of the F 

value consisting of the fog value, as shown in Figure 2. Here, the XYZ value consists of 
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the values of the X, Y,Z coordinates of each of the three vertices of the three-dimensional 

polygon; that is, it is set to infonnation concerning points, lines, and the shape of the 

polygon, etc. 

LOD calculation unit 3 calculates the LOD value from the transformed z 

5 coordinates. Based on this LOD value, pixel engine 6 selects a basic texture stored in 

basic texture buffer 9. Here, the basic textures are textures that are. mapped to 

three-dimensional polygons with the use of the MIPMAP method. 

The MIPMAP method is a mapping method in which textures of different sizes 

112, 114, 1/8, ... (ratios of the lengths of the sides) are prepared as textures to be attached 

10 to three-dimensional polygons, these prepared textures are selected according to the rate 

of reduction, and mapping is done to three-dimensional polygons; for example, generation 

is done for various textures using a low-pass filter. 

In the :MIPMAP method, adopting a mapping method like this prevents the 

occurrence of aliasing when texture mapping is done, because mapping to the polygons 

15 on the screen is done with the original texture reduced in size. 

For example, the texture of each level (MIP level) can be obtained by applying a 

low-pass filter to images that each have one small MIP value, and reducing it to 1/2. 

In the following explanation for each type of texture, the same texture as the 

original image is called texture MIPO; the texture of 1/2 the original image is called 

20 texture MIPI, and texture of 1/4 the original image is called texture MIP2, and so on: 

The numerical value that follows MIP represents the MIP level, and this 

corresponds to the LOD value. The LOD value is a value that is calculated from the rate 

of reduction of each polygon, and a rate of reduction is represented by, for example, the 

logarithm of the distance from the viewpoint to the polygon. 

25 The basic texture corresponding to the LOD value computed by LOD calculation 

unit 3 is read from basic texture buffer 9 of image memory 7. 
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Texture coordinate calculation unit 4 calculates from the texture coordinate value 

for the basic texture the texture coordinate value used for reading the modulation texture. 

As shown in Figure 2, the value computed by calculation in the texture coordinate 

calculation unit 4 is input to DDA unit 5 as the gradient of the-UV value and the gradient 

5 of the STQ value from preprocessing unit 2, 3, 4. Here, the UV value is the coordinate 

value of the texture, and the STQ value is the value of the texture coordinate at each of the 

three vertices of the polygon; that is, they consist of values of the same-order texture 

coordinates (for perspective correction). 

DDA unit 5 converts the two-dimensional polygon vertex infonnation, z 

10 infonnation, and brightness infonnation, etc. obtained from texture coordinate calculation 

unit 4 into pixel information. Specifically, DDA unit 5 successively detennines the pixel 

coordinates (apx,apy), z value (aiz), brightness, and texture coordinates (as,at,aq) by 

linear interpolation. 

As shown in Figure 2, the DDA unit 5 outputs, as transformation-processed values, 

15 the XYZ value, F value, Rf value, Gfvalue, Bf value, Afvalue, STQ value, and UV value. 

Here, the XYZ value is input into pixel engine 6, the F value is input into fog unit 23, and 

the Rf value, Gf value, Bf value, Af value, STQ value, and UV value are input into 

texture mapping unit 21. 

Anti-aliasing unit 22, in processing the picture so that it is smooth by blurring the 

20 jagged edges ofJines and images, performs processing by a blending using the a value 

from texture mapping unit 21. 

Fog processing unit 23 is the part that does processing by a fog effect using the 

fog value. Specifically, using the F value from DDA unit 5, it carries out processing on 

the pixel values output from texture mapping unit 21. 

25 Texture mapping unit 21 is the part that carries out control of the texture mapping 

based on various infonnation. 
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PCRTC 25 is the part that outputs the image signal that has undergone the desired 

processing to the monitor as analog RGB and digital RGB. 

Pixel engine 6 performs, as pixel operations on pixels, processing known as 

scissoring, a testing, destination a testing, depth testing, a blending, dithering, and 

5 color cramping. 

Here, scissoring or clipping is a processing by which data that protrudes outside 

the screen is removed~ 

a testing is a processing in which whether drawing shall be done is controlled by 

the a value of a pixel; 

1 O destination a testing is a processing in which whether drawing shall be done is 

controlled by the blend coefficient a of a pixel of the frame buffer that is to be written 

into; 

depth testing is a testing by the Z buffer; 

a blending is a processing in which the pixel value of the frame buffer and the 

15 pixel value to be written in are linearly interpolated by the blend coefficient a ; 

dithering is a processing in which colors are interspersed in order to render many 

colors with a small number of colors; and 

color cramping is a processing in which, when calculating colors, the value is 

restricted so as not to exceed 255 or be less than 0. 

20 Specifically, pixel engine 6 performs the following processing: Pixel engine 6 

computes pixel information between the pixel information read out from basic texture 

buffer 9 and writes it into frame buffer 8. And when writing into frame buffer 8, as 

necessary, pixel engine 6 controls the writing-in by referencing the z buffer. In addition, 

pixel engine 6 has a bilinear interpolation function, by which pixel values are determined 

25 by linear interpolation of four pixels in a lattice read from basic texture buffer 9, as well 

as a function by which the pixel values of frame buffer 8 are read out, and multiplication 
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(modulation calculation) is done between this value and the pixels of the modulation 

texture to be written in. 

That is, for example, pixel engine 6 has the function of texture mapping, z 

comparison, pixel calculation, and reading and writing pixels from and to frame buffer 8, 

5 as well as perfonning modulation, etc. 

Memory interface 24 shown in Figure 2 is an interface for transmitting data 

between pixel engine 6 and image memory 7. Specifically, this memory interface 24 

makes it possible to send and receive XYZ values, A values (blend coefficients a ), and 

RGB values between pixel engine 6 and image memory 7. 

10 Image memory 7 has the memory regions, i.e., frame buffer 8, in which frames are 

stored, basic texture btiffer 9, in which basic textures are stored, and modulation texture 

buffer 10, in which modulation textures are stored. For example, as shown in Figure 2, 

image memory 7 consists of a main memory 7a and a texture cache memory 7b. Here, 

texture cache memory 7b is constituted as a cache memory used for accessing texture 

15 information at high speed. 

As stated above, basic textures are textures that are generally used by MIPMAP. 'These 

basic textures are used to generate the overall pattern of a texture-mapped shape. For example, 

basic textures are stored in compressed form in basic texture buffer 9. 

Modulation textures are textures-that are used for adding even higher-frequency 

20 components to basic textures. For example, a modulation texture is set to a texture that consists 

of higher-frequency components by offsetting its repetition period from the repetition period of 

a basic pattern. 

As shown in Figure 3, the modulation textures are such that the dynamic range of 

the modulation decreases as the MIP level increases. This is because it is desirable to 

25 work in the part where the enlargement rate of a basic texture is greater than 1. 

The pixel value of a modulation texture represents the intensity for further 

carrying out multiplication on and applying modulation to the pixel values of an image 



. 
W000/30041 PCT/JP99/06185 

12 

drawn using a basic texture. For example, if a texture is expressed with 8 bits, one 

associates texture value 0 with multiplication coefficient 0.0, texture value 128 with 

multiplication coefficient 1.0, and texture value 256 with multiplication coefficient 2.0. 

That is, for the images of each MIP level, one performs not just low-pass filter reduction 

5 but also dynamic range reduction processing. 

As stated above, the repetition period of a modulation texture is offset from the 

repetition period of the basic texture; specifically, if the image size of the modulation 

texture is the same as that of the basic texture, the repetition period is offset by using for 

reading the modulation texture the texture coordinates (s2i,t2i) that are the result of 

10 offsetting the texture coordinates (si,ti) of the basic texture several-fold. 

This relationship can be shown by formulas (1) and (2) . 

s2i=yxsi+8 

t2i=yxti+{3 

... (I) 

... (2) 

Here, (si,ti) are the original texture coordinates of the basic texture, and (s2i,t2i) 

15 are the texture coordinates used for the reading out of the modulation texture. Also, y is 

an integer where 'Y > 1, and {3 is a constant. 

If the modulation texture is not a repetition texture, it will be necessary to change 

the way of advancement of values if the texture coordinate value exceeds 0 and I. 

Because of this, if one denotes by (s3i,t3i) is the texture coordinates that are 

20 ultimately used, then a transformation is made from texture coordinates (s2i, t2i) to texture 

coordinates (s3i,t3i) according to a graph as shown in Figure 4. 

And because the modulation texture is reduced to 11 'Y with respect to the basic 

texture, it is necessary to give the polygon LOD value shifted by log2( 'Y ). 

For example, if 'Y =2, then the MIP levels of the basic textures and modulation 

25 textures used with respect to the LOD value of the polygon will be as showri in Figure 5. 

The aforementioned basic textures and modulation textures are stored in basic 

texture buffer 9 and modulation texture buffer 10, respectively. 
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Also, the basic textures and modulation textures may be stored within the same 

buffer. For example, the basic buffer may be provided in the RGB part of the RGBA 

buffer, and the modulation textures may be provided in its A part. Specific examples of 

basic textures and modulation textures are shown in Figures 6 through 13. Figures 6, 8, 

5 10, and 12 show the basic textures of MIPO, MIP 1, MIP2, and MIP3, respectively, while 

Figures 7, 9, 11, and 13 show the modulation textures ofMIPO; Mq>l, MIP2, and MIP3, 

respectively. Part of the texture ofMlPO in Figures 6 and 7 is omitted from the diagram. 

Because, as stated above, the dynamic range of the modulation is reduced as the 

MIP level increases, as the MIP level increases, one gets a "blurred" feeling, as shown in 

I 0 Figures 7, 9, 11, and 13. Actually, if the image size of the modulation texture is the same 

as that of the basic texture, then, as stated above, mapping of a higher frequency wiU be 

done, so the modulation texture will be read out based on texture coordinate values in 

which the texture coordinate values of the basic texture are shifted several-fold. 

The parts of image generation device I are constituted as described above. And 

15 stored in image memory 7 are, besides basic textures, modulation textures. 

Next, we describe the processing procedure by which modulation textures are 

used to perform amplitude modulation on the patterns of images generated by basic 

textures. Figure 14 shows the series of processing steps by which an image is generated 

using basic texture&; and Figure 15 shows the series of processing steps by which 

20 amplitude modulation is applied to an image with modulation textures. 

As shown in Figure 14, in step Sl, image generation device 1 reads a basic texture 

by pixel engine 6. 

In step S2, pixel engine 6 confirms whether drawing of all polygons to be drawn 

has been completed. If pixel engine 6 confirms that drawing of all polygons to be drawn 

25 has been completed, one proceeds to step S21 ofFigure 15, and if it confirms that 

drawing of all polygons to be drawn has not been completed, one proceeds to step S3. 
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In step S3, pixel engine 6 calculates the brightness of each vertex of the polygon 

to be drawn. Then, in step S4, image generation device 1, by means ofDDA unit S, 

determines the texture coordinates, LOD value, brightness, and A ( a value) of each 

image of the polygon to be drawn. 

S In step SS, pixel engine 6 selects the base address of the base texture to be used 

according to the LOD value, and reads the pixel values of the basic texture coresponding 

to the texture coordinates. Also, here, a bilinear filter or trilinear filter is applied as 

necessary. If necessity is caused, a bilinear filtering or a trilinear filtering is carried out. 

Here, so-called trilinear processing, in which a trilinear filter is applied, is 

I 0 processing in which, if the LOD value takes on an intermediate value, linear interpolation 

of the pixel values of different MIP levels is carried out. Even if such trilinear processing 

is done, the effectiveness of the technique is the same. 

Then, in step S6, pixel engine 6 calculates the final pixel values from the pixel 

values of the basic texture, brightness of the polygons, the alpha value of the basic texture, 

IS and the alpha value of the polygons. 

In step S7, pixel engine 6 draws the pixel values to frame buffer 8. Here, Z buffer 

processing is done as necessary. Following processing of this step S7, pixel engine 6 

decides again in step S2 whether drawing of all polygons to be drawn has been completed. 

In step 821, shown in Figure l S to which one proceeds if in step 2 it is confirmed 

20 that drawing of all polygons to be drawn has been completed, image generation device I, 

by means of pixel engine 6, reads in a modulation texture from modulation texture buffer 

10. Ifit is confirmed that drawing of all polygons to be drawn has been completed, pixel 

engine 6 terminates said processing, and if it has been confirmed that drawing of all 

polygons to.be drawn has not been completed, one proceeds to step S23. 

25 In step S23, the texture coordinate values of the vertices of the polygon to be 

drawn are transformed to fit the modulation texture. 
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Then, in step S24, image generation device l, by means ofDDA unit 5, 

determines the texture coordinates and LOD value of each pixel of the polygon to be 

drawn. 

In step S25, pixel engine 6 decides by the LOD value the base address of the 

5 modulation texture to be used and reads in the pixel values of the texture that corresponds 

to the texture coordinates. Also, a bilinear filter or trilinear filter is applied as necessary. 

In step S26, pixel engine 6 reads out the corresponding pixel value of frame buffer 

8 and modulates this pixel value (multiplies it) by using the modulation texture. 

In step S27, pixel engine 6 draws the resulting pixel values to frame buffer 8. 

IO Here, Z buffer processing is done as necessary. After processing of step S27, once again, 

in step S22, it is decided whether drawing of all the polygons to be drawn has been 

completed. 

By the above series of processing steps, image generation device 1, by using a 

modulation texture, applies amplitude modulation to the patterns of the image generated 

15 by using the basic textures. 

Image generation device I has the above composition, and by generating images, 

it is able to generate images that have the appropriate detail in a region near the viewpoint, 

where a lowering of the image resolution is seen in ordinary texture mapping processing. 

Figures 16A-16B and 17A~17B show specific examples of images generated by 

20 texture mapping. Here, texture mapping is done by mapping textures to a base consisting 

ofa group of polygons, as shown in Figure 18B to that shown in Figure ISA. 

Specifically, in Figure 16A is an image generated by applying this invention, 

while in Figure l 6B is an image generated by ordinary texture mapping; clearly, the 

image shown in Fig. I 6A, which is an image generated by applying this invention, is 

25 drawn as an image having the appropriate detail. 

Accordingly, with regard to regions other than near the viewpoint, what one 

obtains is an image that is almost as with the basic texture, making it easy to create an 
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image as the designer intended it. And by combining this with destination alpha testing, it 

is possible to create resolution only for specified regions. 

Also, because image generation device 1 can use the existing MIPMAP 

processing mechanism, it is easy to speed up the image generation. 

5 By increasing the dynamic range of modulation textures as the MIP value gets 

smaller, the resolution of nearby parts can be effectively emphasized. 

And in a region where the MIP value> 0, where the basic texture tends to be 

reduced, a natural decrease in resolution is realized by processing that reduces the 

dynamic range of the modulation, thus preventing the occurrence of aliasing. 

10 Moreover, in image generation device 1, the modulation textures can be 

constituted so that they are different from the basic textures. By making the modulation 

textures into textures that are unrelated to the basic textures, for example by making them 

into textures that convey the feeling of a material such as the surface of cloth, it becomes 

possible to naturally render the details of an image. Specifically, in Figure 17 A is an 

15 image that is generated by modulation textures made up of a patchwork, and in Figure 

· l 7B is an image made with ordinary original textures; clearly, the image shown in Figure 

17 A is drawn as an image having more detail. 

Also, image generation device 1 is able to limit the region where the texture is 

modulated. Limiting the region that is modified by using modulation textures makes it 

20 possible to increase the resolution or apply a pattern to just one part of the generated 

image. To limit the region, it suffices, when drawing a basic texture, to draw with a 

specified alpha value only the part that is to be modified, and to do destination alpha 

testing when drawing modulation textures. 

Also, image generation device 1 can compress the quantity of data by unifying 

25 basic textures and modulation textures. In many cases, basic textures and modulation 

textures are used in fixed combinations (pairs). For example, in the case of an image that 

has strong self-similarity, such as a picture of nature, natural resolution can be created by 
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using as a modulation texture an image in which the color components have been 

removed from the basic texture, and in such a case it can be handled as an ordinary 

RGBA texture if the basic texture is stored in the RGB region and the modulation texture 

is stored in the texture A region. 

5 If the RGBA texture is expressed using a color lookup table (CLUT), it is possible 

to express basic textures and modulation textures with 8-bit textures by breaking up and 

using the CLUT as 8 bits, for example, by allocating 0 to 127 thereof to the MIPO texture, 

128 to 191 thereof to the MIPl texture, 192 to 223 to the MIP2 texture, and so forth. In 

general, if the M1P value is larger, pixel values having the average value of the pixel 

10 values newly emerge, and the CLUT cannot be shared between textures for different 

MIPMAPs, which makes the splitting up of the CLUT as described above sufficiently 

appropriate. 

Such data compression makes it possible, for example, to express a 256 x 256 x4 

= 262 KB texture with 128 x 128 x l = 16 KB. 

15 The image generation method of this invention makes it possible to generate 

overall patterns on polygons by mapping of basic textures, and do amplitude modulation 

processing, by amplitude modulation mapping of modulation textures, on patterns 

generated by mapping of basic textures. Therefore, the details of patterns in the region 

near the viewpoint can be appropriately generated. 

20 The image generation device of this invention has a memory means that stores 

basic textures mapped to generate the overall pattern on a polygon and modulation 

textures used to amplitude-modulate the patterns generated by mapping of the basic 

textures, and an image processing means that, by amplitude modulation mapping of 

modulation textures, does amplitude modulation processing on the patterns generated by 

25 mapping of the basic textures, and thus it is able, by amplitude modulation mapping of 

modulation textures, to perform amplitude modulation processing on patterns generated 

by the mapping of basic textures. 
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Thus the image generation device can appropriately generate the details of 

patterns in the region near the viewpoint. 
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CLAIMS 
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What is claimed is: 

l. An image generation method for generating a two-dimensional image by texture 

5 mapping to three-dimensional polygons, comprising the steps of: 

generating an overall pattern on said polygons by mapping of basic textures, and 

executing by amplitude modulation mapping of modulation textures, amplitude 

modulation processing on patterns generated based on the mapping of said basic textures. 

2. The image generation method as described in claim 1, wherein in said amplitude 

10 modulation processing, an amplitude is made smaller with increasing distance from the 

vicinity of a viewpoint. 

3. The image generation method as described in claim 1, wherein a repetition period 

of said basic textures and a repetition period of said modulation textures are offset from 

each other. 

15 4. The image generation method as described in claim 1, wherein said modulation 

textures are set to higher spatial frequencies than those of said basic textures, with color 

information removed from said basic textures. 

5. The image generation method as described in claim 1, wherein said modulation 

textures consist of different patterns from said basic textures. 

20 6. An image generation device for generating a two-dimensional image by texture 

mapping to three-dimensional polygons, comprising: 

a memory means that stores basic textures to be mapped to generate the overall 

pattern on a polygon, and modulation textures used to amplitude-modulate the patterns 

generated by mapping of the basic textures; and 

25 an image processing means that, by amplitude modulation mapping of modulation 

textures, executes amplitude modulation processing on the patterns generated based on 

mapping of the basic textures. 
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7. The image generation device as described in claim 6, wherein in said amplitude 

modulation processing, the amplitude is made smaller with increasing distance from the 

vicinity of a viewpoint 

8. The image generation device as described in claim 6, wherein a repetition period 

5 of said basic textures and a repetition period of said modulation textures are offset from 

each other. 

9. The image generation device as described in claim 6, wherein said modulation 

textures are set to higher spatial frequencies than those of said basic textures, with color 

·information removed from said basic textures. 

10 10. The image generation device as described in claim 6, wherein said modulation 

textures consist of different patterns from said basic textures. 
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