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DESCRIPTION 

IMAGE PROCESSING DEVICE, METHOD AND DISTRIBUTION MEDIUM 

BACKGROUND OF THE INVENTION 

5 Technical Field 

10 

The present invention relates to an image processing device, image processing 

method and distribution medium, and particularly to an image processing device and 

method, and distribution medium that are low-cost wherein the device has a simple 

construction which is able to perform image processing. 

Background Art 

Fig. 1 shows a sample configuration of an image processing device. Video 

camera 1 photographs a subject, which is not illustrated, and outputs the image data of 

that subject to image processor 2 and CPU 5. Im.age processor 2 stores the image data 

15 that was input from video camera 1 in memory 11. If CPU 5 instructs arithmetic unit 12 

of image processor 2 to perform a stipulated operation, arithmetic unit ~2 applies the 

stipulated operation corresponding to this instruction to the image data stored in 

memory 11 and outputs the resulting computation data to the graphics processor 3. 

Graphics processor 3 stores the computation data that was input from image 

20 processor 2 in memory 21. CPU 5 controls display data generator 22 of graphics 

. processor 3 to generate display data from the computation da~ stored in memory 21. 

The display data that was generated in graphics processor 3 is output and displayed on 

CRT4. 

cru 5 also receives a supply of data that is output from video camera 1 or 

25 image processor 2, executes stipulated processing as necessary, and outputs the data to 

image processor 2 or graphics processor 3. 
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If, for example, this kind of image processing device were to perform processing 

that applied convolution filtering to the image data that was output from video camera 1 

and output the result to CRT 4 for display, the operation at this· time would be, for 

example, as shown in.the flowchart in Fig. 2. This processing is basically executed by 

5 CPUS. 

In step Sl, CPU 5 receives a supply of image data corresponding to one frame 

from video camera 1. This image data, which can be considered as the source frame 

image data, consists of an HMAXxVMAX array of pixel data Csp as shown, for 

example, in Fig. 3. In step 81, CPU 5 also sets Uie convolution filter coefficients 

10 C[m][n]. In the example in Fig. 4, these convolution filter coefficients <;,[m][n] consist 

of a 3x3 array of coefficients. 

Next, in step 82, CPU 5 assumes an HMAXxVMAX array of pixel data as 

destination frame pixel data Cdp' as shown in Fig. 5, and initializes the value of pixel 

data Cdp[l ][1] corresponding to coordinate (1,1) among them to 0. In addition, CPU 5 

15 initializes variable j to 1 in step 83 and variable i to 1 in step 84. The variables i and j 

represent the horizontal coordinate (i) and vertical coordinate (j). of the source frame 

image (Fig. 3) and destination frame image (Fig. 5), as shown in Fig. 3 and Fig. 5. 

Variable i takes the values from 0 to HMAX-1, and variabl~ j takes the values from 0 to 

VMAX-1. 

20 In steps SS and S6, the variables n and m are each initialized to 0. The variables 

n and m represent the horizontal <=<?Ordinate (m) and vertical coordinate (n) of the 

. convolution filter coefficients, as shown in Fig. 4. In this example, m and n each take 

the values from 0 to 2. 

Next, in step S7, CPU 5 executes the computation indicated by the following 

25 equation. 

Cdp[i][j]=Cdp[i][j]+<;,[m][n]*Csp[i+m-l][j+n-1] (1) 
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Now, since j=l, i=l, n=O, and m=O have been set and the initial value of 

Cdp[i][j] has been set to 0, the following equation can be obtained. 

Cdp[l ][1 ]=Cv[O][O]*Csp[O][O] (2) 

Next, processing advances to step SS, and CPU 5 judges whether or not variable 

5 m is less than 2. Since m=O at this time, it is less than 2. Therefore, processing 

advances to step S9 where m is incremented by 1. At this time, m=l. Processing then 

.returns to step S7, and equation (1) is computed again. The following equation is 

obtained as the result. · 

Cdp[l ][1 ]=Cdp[l ][1 ]+Cy[l ][O]*Csp[l ][O] (3) 

10 Here, the value of Cdp[l ][1] on the right hand side of equation (3) is the value 

obtained by using equation (2). 

Processing advances to step SS, and CPU 5 again judges whether or not variable 

m is less than 2. Since m=l at this time, processing advances to step S9 where m is 

incremented by 1. At this time, m=2. Then, processing returns to step S7, and equation 

· 15 (1) is computed again. 

The following equation is obtained as the result. 

Cdp[l ][1 ]=Cdp[l][l ]+Cv[2][0]*Csp[2][0] (4) 

The processing described above results in a value that is the sum of the products 

obtained by multiplying the convolution filter coefficients Cv[O][O], Cv[l ][O], and 

20 Cv[2][0] by the source pixel data Csp[O][O], Csp[l][O], and Csp[2][0], respectively. 

Next, processing advances to step SS, and CPU 5 judges whether or not variable 

m is less than 2. Since m=2 at this time, the judgment result is NO, and processing 

advances to step SlO. In step SlO, CPU 5 judges· whether or not variable n is less than 2. 

Since n=O at this time, the judgment result is YES, and processing advances to step Sll. 

25 In step Sll, variable n is incremented by 1. At this time, n=l. 

Then, after processing returns to step S6 where m is initialized to m=O, equation 
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(1) is computed again in step S7. The following equation is obtained as the result. 

Cdp[l ][1 ]=Cdp[l ][1 ]+Cy[O][l ]*Csp[O][l] (5) 

Next, processing advances to step S8, and CPU 5 judges whether or not variable 

m is less than 2. Since m=O at this time, the judgment result is YES, and m is set to 

5 m=l in step S9. Then, processing returns to step S7, and equation (1) is computed again. 

Equation (6) is obtained as the result. 

Cdp[l ][1 ]=Cdp[1 ][1 ]+Cy[l ][1 ]*Csp[l ][1] (6) 

The above processing is repeated, and the equations (7) to (10) shown below are 

computed as the results. 

10 Cdp[l ][1 ]=Cdp[l ][1 ]+Cy[2][1 ]*Csp[2][1] 

Cdp[l ][1 ]~Cdp[l ][1 ]+Cy[0][2]*Csp[0][2] 

Cdp[l ][1 ]=Cdp[l ][1 ]+Cy[l ][2]*Csp[1 ][2] 

Cdp[l ][l]=Cdp[l ][1 ]+Cy[2][2]*Csp[2][2] 

(7) 

(8) 

(9) 

(10) 

This completes convolution filtering in which the single pixel data Csp[l ][1] is the 

15 subject pixel. 

Since n=2 in step S10 at this time, the judgment result is NO, and processing 

proceeds to step S12. In step S12, CPU 5 judges whether or not variable i is less than 

HMAX-2 (in this example, since HMAX=6, CPU 5 judges whether or not variable i is 

less than HMAX-2=4). Since i=l at. this time, it is less than HMAX-2, ~d the 

20 judgment result is YES. Processing advances to step S13 where variable i is 

incremented by 1. At this time, i=2. Then, processing returns to step SS, and the 

subsequent processing is executed. That is, convolution filtering in which the pixel data 

Csp[2][1] is the subject pixel is executed in a similar manner as described for 

convolution filtering iii which pixel data Csp[l ][1] is the subject pixel. 

25 Convolution filtering is performed sequentially for each pixel data in row j=l. 

When pixel data Csp[l][HMAX-2] (for the example in Fig. 3, this is Csp[1][4]) is 
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reached, the judgment result in step S12 is NO, and processing advances to step S14. In 

step S14, CPU 5 judges whether or not variable j is less than VMAX-2 (in this example, 

since VMAX=6, CPU 5 judges whether.or not variable j is less than VMAX-2=4). 

Since j=l at this time, the judgment result is YES. Processing advances to step S15 

5 where variable j is incremented by 1. At this time, j=2. Then, processing returns to step 

S4, and the subsequent processing is executed. That is, convolution filtering is executed 

for each pixel data in row j=2 in a similar manner as described above. 

When the convolution filter coefficient computation is completed as described 

above for the source pixel data Csp[HMAX-2][VMAX-2] µi the column for which i is 

10 HMAX-2 of the row in which j is VMAX-2, the judgment result is NO in step. Sl 4, and 

. convolution filtering is completed. 

CPU 5 supplies the data for the computation results obtained as described above 

to graphics processor 3. Graphics processor 3 stores the image data corresponding to 

one frame, which was input from CPU 5, in memory 21. Display data generator 22 

15 transforms this image data to display data and outputs it to CRT 4 for display. 

Although it was assumed in the above description that convolution filtering was 

executed by CPU 5, it can also be executed by image processor 2. Additionally, 

special-purpose hardware for executing this kind of processing can be provided 

separately, and this processing can also be executed by that hardware. 

20 In an image processing device as described above, it is assumed that stipulated 

operations will be performed by CPU 5, image processor 2, or special-purpose hardware. 

As a result, there are problems in that eithe~ the processing load for CPU 5 or· image 

processor 2 will increase, or special-purpose hardware will be required, which will not 

only cause the configuration to become more complex but will also cause the cost to 

25 increase. 

It is an object of the present invention to provide a low-cost device with a simple 



PCT/JP99/02622 
·'f .... 

6 

construction that is able to perform image processing. 

Desclosure of Invention 

An image processing device of the present invention comprises a first storage 

5 means that stores source image data in units of pixels; a second storage means that 

stores destination image data in units of pixels; and a rendering means that performs the 

action of applying a stipulated pixel-unit operation to the source image data stored in 

the first storage means and rendering the data as destination image data in the second 

storage mean8 in units of polygons repeatedly until a stipulated arithmetic result is 

10 obtained. 

The image processing method of the present invention comprises a rendering 

step wherein the action of applying a stipulated pixel-unit operation to the source image 

data stored in the first storage means and rendering the data as destination image data in 

the second storage means of the image processing device in units of polygons is 

15 performed repeatedly until a stipulated arithmetic result is obtained. 

The distribution medium of the present invention, in an image processing device 

including a first storage means that stores source-image image data in units of pixels, 

and a second storage means that stores destination image dat~ in units of pixels, is used 

to distribute a program that executes processing including a rendering step wherein the 

20 action of applying a stipulated pixel-unit operation to the source image data stored in 

the first storage means and rendering the data as destination image data in the second 

storage means in units of polygons is performed repeatedly until a stipulated arithmetic 

result is obtained. 

Further, the image processing device of the present invention comprises storage 

25 means comprising a first storage unit that stores source image data in uni~ of pixels and 

a second storage unit that stores destination image data in units of pixels; a generation 
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means that generates rendering commands that cause the action of applying a stipulated 

. pixel-unit operation to the source image data stored in the first storage unit and 

rendering the data as destination image data in the second storage unit in units of 

polygons to be performed repeatedly until a stipulated arithmetic result is obtained; and 

5 an execution means that executes rendering commands generated by the generation 

means. 

Further, the image processing method of the present invention may comprise a 

· storage step wherein source image data is stored in a first storage unit in units of pixels 

and also destination image data is stored in a second storage unit in units of pixels; and 

10 a generation step for generating rendering commands that cause the action of applying a 

stipulated pixel-unit op~ration to the source image data stored in the first storage means 

in the storage step and rendering the data as destination image data in the second storage 

means in units of polygons to be performed repeatedly until a stipulated arithmetic 

result is obtained. 

15 Further, the distribution medium of the present invention is used to distribute a 

program that executes processing including a storage step wherein source image data is 

stored in a first storage unit of the device in units of pixels and also destination image 

data is stored in a second storage unit of the image processing device in units of pixels, 

and a generation step for generating rendering commands that cause the action of 

20 applying a stipulated pixel-unit operation to the source image data stored in the first 

storage unit in the storage step and rendering the data as destination image data in the 

second storage unit in units of polygons to be performed repeatedly until a stipulated 

arithmetic result is obtained. 

Further, the image processing device of the present invention comprises a first 

25 storage means that stores source image data in units of pixels; a second storage means 

that stores destination image data in units of pixels; a first rendering means that 
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performs one portion of the operations among some stipulated pixel-unit operations to 

the source image data stored in the first storage means and renders the data as 

destination image data in ~e second storage means in units of polygons; and a second 

rendering means that performs another portion of the operations among some stipulated 

5 pixel-unit operations to the source image data stored in the first storage means, adds or 

subtracts this data to or from the image data already rendered by the first rendering 

means and renders the data as destination image data in the second storage means in 

units of polygons. 

Further, the image processing method of the present invention comprises a first 

10 rendering step wherein one portion of the operations among some stipulated pixel-unit 

operations are performed on the source image data stored in the first storage means and 

the-data is rendered as destination image data in the second storage means in units of 

polygons; and a second rendering step wherein another portion of the operations among 

some stipulated pixel-unit operations are performed on the source image data stored in 

15 the first storage means, this data is added to or subtracted from the image data already 

rendered in the first rendering step and the data is rendered as destination image data in 

the second storage means in units of polygons. 

Further, the distribution medium of the present invetion is used to distribute a 

program that executes _processing including a first rendering step wherein one portion of 

20 the operations among some stipulated pixel-unit operations are performed on the source 

image data stored in the first storage means and.the data is rendered as destination 

image data in the second storage means in units of polygons; and a: second rendering 

step wherein another portion of the operations among some stipulated pixel-unit 

operations are performed on the source image data stored in the first storage means, this 

25 data is added to or ·subtracted from the image data already rendered in the first rendering · 

step and the data is rendered as destination image data in the second storage means in 
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units of polygons. 

In the image processing device, the image processing method and the 

distribution medium of this invention, the action of applying a stipulated pixel-unit. 

operation to the source image data stored in the first storage means and rendering the 

5 data as destination image data in the second sto~age means in units of polygons is 

performed repeatedly until a stipulated arithmetic result is obtained. 

In the image processing device, the image processing process and the 

distribution medium of the invention, there are generated rendering commands that 

cause the action of applying a stipulated pixel-unit operation to the source image data 

10 stored in the first storage means and rendering the data as destination image data in the 

second storage means in units of polygons to be performed repeatedly until a stipulated 

arithmetic result is obtained. 

In the image processing device, the image processing process and the 

distribution medium, one portion of the operations among some stipulated pixel-unit 

15 operations may be performed on the source image data stored in the first storage means 

and the data is rendered as destination image data in the second storage means in units 

of polygons, and then another portion of the operations among some stipulated pixel­

unit operations may be performed on the source image data stored in the first storage 

means, this data is added to or subtracted from the image data already rendered in the 

20 first rendering step and the data is rendered ·as destination image data in the second 

storage means in units of polygons. 

Brief Description of Drawings 

Fig. 1 is a block diagram showing an example of the configuration of a 

25 conventional image processing device; 

Fig. 2 is a flowchart used to explain conventional convolution filtering; 
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Fig. 3 is a diagram used to explain the source image data; 

Fig. 4 is a diagram used to explain the convolution filter coefficients; 

Fig. 5 is a diagram used to explain the destination image data; 

Fig. 6 is a block diagram showing an example of the configuration of an image 

5 . processing device according to the present invention;. 

Fig. 7 is a diagram used to explain the storage area within the image memory of 

the device of Fig. 6; 

Fig. 8 is a diagram used_ to explain bilinear interpolation; 

Fig. 9 is a diagram used to explain convolution filtering; 

10 Fig. 10 is a diagram used to explain the source image data; 

Fig. 11 is a diagram used to explain the convolution filter coefficients; 

Fig. 12 is a flowchart used to explain convolution filtering; 

Fig. 13 is a diagram used to explain the destination image data; 

Fig. 14 is a diagram used to explain the destination image data; 

15 Fig. 15 is a diagram used to explain the destination image data; 

Fig. 16 is a di~gram used to explain the destina~on image data; 

Fig. 17 is a diagram used to explain the destination image data; 

Fig. 18 is a diagram used to explain the destination image data; 

Fig. 19 is a flowchart used to explain another example of convolution filtering; 

20 Fig. 20 is a flowchart used to explain another example of convolution filtering; 

Fig. 21 is a diagram used to explain the destination image data in step S53 of Fig. 

19; 

Fig. 22 is a flowchart used to explain still another example of convolution 

filtering; 

25 Fig. 23 is a diagram used to explain pyramid filtering; 

Fig. 24 is a flowchart used to explain pyramid filtering; 
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Fig. 25 is a diagram used to explain the processing of steps S92 and S94 in Fig. 

Fig. 26 is a diagram used to explain interframe differencing; 

Fig. 27 is a flowchart used to explain interframe differencing; 

5 Fig. 28 is a diagram used to explain the irtterimage distance; 

Fig. 29 is a flowchart used to explain interimage distance computation; 

Fig. 30 is a flowchart used to explain pattern matching; 

Fig. 31 is a flowchart used to explain another example of pattern matching; 

Fig. 32 is a diagram used to explain pattern matching; 

10 Fig. 33 is a flowchart used to explain a motion vector detection process; 

Fig. 34 is a diagram used to explain the process of extracting motion vectors; 

Fig. 35 is a diagram used to explain the process of obtaining motion vectors by 

shifting a block within a search range; 

Fig. 36 is a flowchart used to explain another motion vector detection process; 

15 Fig. 37 is a diagram used to explain the process of obtaining the interimage 

distance in step Sl 72 of Fig. 36; 

Fig. 38 is a flowchart used to explain still another motion vector detection 

process; 

Fig. 39 is a diagram used to explain the pyramid filtering process in step·S182 of 

20 Fig. 38; 

Fig. 40 is a flowchart used to explain Hough transformation; 

Fig. 41 is a diagram used to explain Hough transformation; 

Fig. 42 is a flowchart used to explain bilinear reduction in the y direction in st~p 

S193 of Fig. 40; 

25 Fig. 43 is a diagram used to explain the processing of steps S202 and S204 of 

Fig. 42; 
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Fig. 44 is a diagram used to explain motion blurring; 

Fig. 45 is a flowchart used to explain motion blurring; 

PCT/JP99/02622 

Fig. 46 is a diagram used to explain the compensation of motion pictures from a 

CCD camera with an electronic shutter; 

5 Fig. 47 is a diagram used to explain motion blurring; 

10 

Fig. 48 is a diagram showing an example of an image display; 

Fig. 49 is a flowchart used to explain the image display process; and 

Fig. 50 is a diagram showing an example of filter coefficients in the case that the 

edge extraction process is performed. 

Best Mode for Carrying Out the Invention 

An embodiment according to the present invention will herinafter be described. 

In order to clarify the correspondence between the various means of the invention 

recited in the claims, here follows a description of the characteristics of the present 

15 invention with the addition of the corresponding embodiment (one example) in 

parentheses after each means. However, this recitation in no way limits the recitation of 

the various means. 

The image processing device of the present invention comprises a first storage 

means (for example, texture area 51 in Fig. 7) that stores source image data in units of 

20 pixels; a second storage means (for example, rendering area 52 in Fig. 7) that stores 

destination image data in units of pixels; and a rendering means (for example, rendering 

engine 41 in Fig. 6) that performs the action of applying a stipulated pixel-unit 

operation to the source image data stored in the first storage means and rendering the 

data a8 des~nation image data in the second storage means in units of polygons 

25 repeatedly until a stipulated arithmetic result is obtained. 

The image processing device further comprises specification means (for 
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example, main CPU 31 in Fig. 6) for specifying the·operation mode b~tween source 

_ image data and destination image data. 

The image processing device comprises storage means (for example, image 

memory 43 in Fig. 6) including a first storage unit (for example, texture area 51 in Fig. 

5 7) that stores source image data in units of pixels and a second storage unit (for example, 

rendering area 52 in Fig. 7) that stores destination image data in units of pixels; a 

generation means (for example, main CPU 31 in Fig. 6) that generates rendering 

commands that cause the action of applying a stipulated pixel-unit operation to the 

source image data stored in the first storage unit and rendering the data as destination 

10 image data in the second storage unit in units of polygons to be performed repeatedly 

until a stipulated arithmetic result is obtained; and an execution means (for example, 

rendering engine 41 in Fig. 6) that executes rendering commands generated by the 

generation means. 

The image processing device as described above comprise a first storage means 

15 (for example, texture area 51 in Fig. 7) that stores source image data in units of pixels; a 

second storage means (for example, rendering area 52 in Fig. 7) that stores destination 

image data in units of pixels; a first rendering means (for example, steps S37, S38, and 

S39 _in Fig. 12) that performs one portion of ~e operations among some stip~ated 

pixel-unit operations to the source image data stored in the first storage means and 

20 renders the data as destination image data in the second storage means in units of 

polygons; and a seconq rendering means (for example, steps S37, S40, and S41 in Fig. 

12) that performs another portion of the operations among some stipulated pixel-unit 

operations to the source image data stored in the first storage means, adds or subtracts 

this data to or from the image data already rendered by the first rendering means and 

25 renders the data as destination image data in the second storage means in units of 

polygons. 
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The image processing device may further comprise specification means (for 

example, step S34 in Fig. 12) for specifying the operation mode between the source 

image data and destination image data. 

Fig. 6 is a block diagram specifically showing the configuration of a computer 

5 entertainment device in which the image processing device of this invention is applied. 

Main memory 32 and image processing chip 33 are connected to main CPU 31 via bus 

34. Main CPU 31 generates rendering commands to control the operation of image 

processing chip 33. The programs or data that are required when main CPU 31 executes 

various types of processing are stored appropriately in main memory 32. 

10 Rendering engine 41 of image processing chip 33 executes operations for 

rendering stipulated image data in image memory 43 via memory interface 42 according 

to rendering commands supplied from main CPU 31. Bus 45 is ~nnected between 

memory interface 42 and rendering engine 41, and bus 46 is connected between 

memory interface 42 and image memory 43. Bus 46 has a bit width of 128 bits, for 

15 example, so that rendering can be executed at high speed in image memory 43. 

Rendering engine 41 has the capability to render 320x240 piXel or 640x480 pixel image 

data in NTSC, PAL or other formats, for example, in realtime at least 10 to several 

dozen times within 1/30 to 1/60 second. 

Image processing chip 33 also has programmable CRT controller (PCRTC) 44, 

20 and this PCRTC 44 has functions for controlling in realtime the position, size, 

resolution, or other properties of the image data that was input from video camera 35. 

PCRTC 44 writes the image-data that was input from video camera 35 to texture area 51 

(Fig. 7) of image memory 43 via memory interface 42. Also, PCRTC 44 reads the 

image data that was rendered in rendering area 52 (Fig. 7) of image memory 43 via 

25 memory interface 46 and outputs this data to CRT 36 for display. 

Image memory 43 has a unified memory structure in which texture area 51 and 
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rend.ering area 52 can be specified in the same area, as shown in .Fig. 7. 

When main CPU 31 renders a stipulated texture of texture area 51 in rendering 

area.52, it generates a Flat Texture Polygon command and outputs this command to 

rendering engine 41. For example, the command for rendering a triangle polygon is as 

5 follows. 

~lat_ Texture_ Triangle(DxO,DyO,Dxl,Dyl ,Dx2,Dy2,Sx0,Sy0,Sxl,Syl,Sx2,Sy2,L) 

Here, DxO, DyO, Dxl, Dyl, Dx2, and Dy2 represent the coordinates of the 

vertices of the triangle to be rendered at the destination (rendering area 52) and SxO, 

SyO, Sxl, Syl, Sx2, and Sy2 represent the coordinates of the vertices of the source 

10 (texture area 51) triangle. Also, L represents the luminance value to be multiplied by 

the texture pixel values within the polygon (triangle) that is represented by the point 

sequence (Sxn,Syn). 

Similarly the rectangle rendering command is expressed as follows. 

Flat_ Texture_ Rectangle(Dx0,Dy0,Dxl,Dyl,Dx2,Dy2,Dx3,Dy3,Sx0,Sy0,Sxl,Syl,Sx2,S 

. 15 y2,Sx3,Sy3, L) 

Here, DxO, DyO, Dxl, Dyl, Dx2, Dy2, Dx3, and Dy3 represent the coordinates 

of the vertices of the rectangle to be rendered at the destination (rendering area 52) and 

SxO, SyO, Sxl, Syl, Sx2, Sy2, Sx3, and Sy3 represent the coordinates of the vertices of 

the source (texture area 51) rectangle. 

20 When a triangle rendering command, :for example, is input from main CPU 31 

via bus 34," rendering engine 41 multiplies the value L by the pixel values of the points 

(Sxn,Syn) within the polygon defined by the coordinates (SxO,SyO), (Sxl,Syl), and 

(Sx2,Sy2) of the three vertices in texture area 51 and renders the results at the 

corresponding points (Dxn,Dyn) within the polygon defined by the coordinates 

25 (DxO,DyO), (Dxl,Dyl), and (Dx2,Dy2). The coordinates (Dxn,Dyn) in rendering area 

52 that correspond to coordinates (Sxn,Syn) of texture area 51 can be obtained by the 
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affine transformation processing represented by the following equation (11 ). 

(Dxn)-=(a , b)(Sxn)+(OFX) 
Dyn c , d Syn OFY 

(11) 

In the above equation, a, b, c, and d are coefficients for rotation, and OFX and 

OFY are coefficients for translation. 

5 Actually, rendering is performed in pixel units in rendering area 52, and the 

pixel values of the coordinates in texture area 51 that are obtained from the coordinates 

in the rendering area by the inverse affine transformation processing.represented by the 

following equation (12) are used as ·the pixel values that are rendered. 

(x + h) =(a , b)- '(x -O~) 
y + v c , d y - OFY 

(12) 

10 In the above equation, hand v are coefficients that are greater than or equal to 0 

and less than 1.0, and x, y, X, and Y are integers. 

Also, since these coordinate values normally have fractional parts and become 

coordinates that are positioned between individual pixels, as shown in Fig. 8, the pixel 

. value SP(X,Y), for which bilinear interpolation was performed according to the 

15 equation shown below, is used. 

SP (X, Y) = (1-h) * (1-v) * T P (x, y) 

+ h * (1-v) * T P (x + 1, y) 

+ (1-h) * v * TP (x, y+l) 

+h*v*TP(x+l,y+l) (13) 

20 That is, a weighted value corresponding to the distances from the surrounding 

points TP(x,y), TP(x+l,y), TP(~,y+l), and TP(x+l,y+l) is.used for the pixel value of 

the point (x+h,y+v)," which is separated by a distance of +h in the x-direction and +v in 

the y-direction from the point TP(x,y) in texture area 51. 
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In addition, rendering engine 41 performs blending between the destination pixel 

value DP(X,Y) in rendering area 52 and the source pixel value SP(X,Y) in texture area 

51 according to the mode.specified from main CPU 31 by the blending mode setting 

function Set Mode (MODE). 

5 the blending modes executed by rendering engine 41 are mode 0, mode 1, mode 

2, and mode 3. The following blending is executed in each mode. 

MODEO : S P (X, Y) 

MODE1 : DP (X, Y) + SP (X, Y) 

MODE2 : DP (X, Y) - S P (X, Y) 

10 MODE3 : (1 - CXsp (X, Y ) )* D P (X, Y) 

+asp(X, Y)*SP(X, Y) 

asp(X,Y) represents the a value of the source pixel value. 

That is, in mode 0, the source ·pixel value is rendered directly at the destination. 

In mode 1, the source pixel value is added to the destination pixel value and the sum is 

15 rendered. In mode 2, the source pixel value is subtracted from the destination pixel 

value and the difference is rendered. In mode 3, the source and destination pixel values 

are combined by performing a weighting corresponding to the ~ource a value. 

The image data that was rendered in rendering area 52 of image memory 43 is 

loaded into PCRTC 44 via memory interface 46 and output from there to CRT 36 for 

20 display. 

Here follows an explanation of processing in which convolution filtering is 

executed for the image data that was input from video camera 35 and the result is output 

to CRT36. 

In this case, the image data to be processed, which was input from video camera 

25 35, is written from PCRTC 44 to texture area 51 of image memory 43 via memory 

interface 42, as shown in Fig. 6. This results in an XMAX x VMAX array of source 
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pixel data Csp being written to texture area 51, as shown in Fig. 10, for example. 

An mxn array of.convolution filter coefficients (3 x 3 for the example in Fig. 

11) for performing convolution filtering computations on this image data is provided as 

shown in Fig. 11, for example. These convolution filter coefficients are multiplied by a 

5 3x3 array of pixel data centered on the source subject pixel, and the value obtained by 

adding these multiplication results is rendered in rendering area 52 as the destination 

pixel data corresponding to the subject pixel. 

However, in this embodiment, a single convolution filter coefficient Coo is first 

extracted from among the 3x3 array of convolution filter coefficients, and rendering is 

10 performed by first multiplying this convolution filter coefficient Coo by all of the 

source image data in texture area 51. Next, a convolution filter coefficient located at a 

position shifted by one pixel (for example, Co1) is read, and rendering is· performed by 

multiplying this convolution filter coefficient by all of the source pixel data and adding 

the result to or subtracting the result from the destination pixel value in rendering area 

15 52 at which the computed value has already been rendered. 

Convolution filtering is executed by repeatedly executing the processing 

described above. 

That is, when the convolution filter coefficient is positive, main CPU 31 outputs 

the commands shown below to rendering engine 41 to execute convolution filtering. 

20 Set_ Mode(O); 

25 

O); 

ibr(n=o; n< 3; n*){ · 

ibr(m=O; m<3; m++){ 

Flat_ Texture_ Redangie(l,1,HMAX-1, 1,HMAX-1, VMAX-1, 1, VMAX-1, 

m,n,HMAX-2+m,n,HMAX-2im, VMAX-2+n,m, VMAX-2-Hl, 
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Cv(m][n]); 

} 

} 

} 

5 Fig. 12 shows the above processing method represented in a flowchart. 

First, in step S31, main CPU 31 causes rendering engine 41 to clear rendering 

area 52 (output area) as the destination_ and then to set convolution filter coefficients 

Cv[ m ][ n] to stipulated values. In this case, a 3x3 array of convolution filter coefficients 

is provided, as shown in Fig. 11. 

10 Next, in step S32, main CPU 31 outputs a command to rendering engine 41 for 

setting mode 0 as the blending mode. Rendering engine 41 sets the blending mode to 

mode 0 according to this command. 

Next, in step 33, main CPU 31 generates a command for rendering the.pixel 

value 0 in the rectangle (1, 1, HMAX-1, 1., HMAX-1, VMAX-1, 1, VMAX-1) within 

15 the destination constituted by the HMAX x VMAX array of pixels and outputs this 

command to rendering engine 41. Rendering engine 41 renders the value 0 at each pixel 
! 

excluding the row j=O and the column i=Q within the HMAX x VMAX destination, as 

shown in Fig. i3, according to this command. 

Next, in step 834, rendering engin~ 41 sets mode 1 as the blending mode 

20 according to an instruction from main CPU 31. That is, the mode in which rendering is 

performed by adding the sol!l'ce pixel value to the destination pixel value is fixed. 

Next, in steps S35 and S36, the variable n, which represents the y-coordinate of 

the convolution filter coefficient, and the variable m, which represents the x-coordinate 

of the convolution filter coefficient, are each initialiZed to 0. 

25 Next, in step S37, rendering engine 41 executes processing in which the values 

of the convolution filter coefficients Cy[~][n], as shown in Fig. 11, are multiplied by 
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the pixel values within the range of the rectangle polygon (m, n, HMAX-2+m, n, 

HMAX-2+m, VMAX-2+n, m, VMAX-2+n) among the source pixel values constituted 

by the HMAX x VMAX array c;>f pixel data CsP, as shown in Fig. 10,. and the results are 

rendered within the range of the destination rectangle (1, 1, HMAX-1, 1, HMAX-1, 

5 VMAX-1, 1, VMAX-1). In this case, the values obtained by multiplying coefficient Coo 

(=Cv[O][O]) by. the source pixel data Csp from the range i=O to 4,j=O to 4 as shown in 

Fig. 10 are rendered in the range i=l to ff¥AX-1 (HMAX-1=5 for the example in Fig. 

14), j=l to VMAX-1 (VMAX-1=5 for the example in Fig. 14) within the HMAX x 

VMAX destination area as shown in Fig. 14 of rendering area 52 in image memory 43. 

10 For example, 

Cdpl 1 =CspooxCoo 

and 

Cdp21 =Csp1oxCoo 

are obtained. Also, 

15 Cdp12=Cspo1xCoo 

and 

Cdp22=Cspl1 xCoo 

are obtained. 

Next~ processing advances to step 838 where a judgment is made to determine 

20 whether or not the variable m is less than 2. Since m=O at this time, the judgment result 

is YES. Therefore, processing advances to step S39, and the variable m is incremented 

by 1. At this time, m=l. 

Next, processing returns to step S37, where rendering is performed by adding 

the values obtained by multiplying convolution filter coefficient Cv[l][O] (=C10) by the 

25 pixel data Csp from the range defined by i=l to 5,j=O to 4 in Fig. 10 to the previously 

. rendered values in the destination rectangle defmed by i=l to 5 andj=l to 5. That is, 
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for example, . 

Cdpl l =CspooxCoo+Csp1oxC10 

and 

Cdp21 =Csp1oxCoo+Csp20xC10 

5 are obtained as shown in Fig. 15. Also, 

and 

Cdp22=Cspl1 xCoo+Csp21 xC10 

are obtained. 
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10 Next, processing advances to step S38 where a judgment is made to determine 

whether or not the variable m is less than 2. Since m=l at this time, the judgment result 

is YES. Therefore, processing advances to step S39, and the variable m becomes m=2. 

Then, processing returns to step S37, where rendering is performed by further adding 

the values obtained by multiplying convolution filter coefficient Cv[2][0] (=C20) by the 

15 pixel data from the range defined by i=2 to 5, j=l to 5 of.the source rectangle to the 

previously rendered pixel values in the destination rectangle. 

As a result ?fthis processing, values such as Cdp11' Cdp21' Cdp12 and Cctp22' 

for example, are obtained as shown in Fig. 16. 

Cdpl 1 =:CspooxCoo+ Csp1oxC10+ Csp2oxC20 

20 Cdp21 =Csp1oxCoo+Csp2oxC1o+Csp30xC20 

Cdp12=Csp01 xCoo+Csp11 xC1o+Csp21 xC20 

Cdp22=Cspl1 xCoo+Csp21 xC1o+Csp31 xC20 

Since the pixel value of Csp6j is required as source pixel data at this time and 

this image data does not actually exist, the pixel data Cdp for i=5 (=HMAX-1) becomes 

25 invalid pixel data, as shown in Fig.16. 

Next, processing advances to step S38 where a judgment is made to determine 
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whether or not the variable m is less than 2. Since m=2 at this time, the judgment result 

is NO. Therefore, processing advances to step S40. In step S40, a judgment is made to 

determine whether or not the variable n is less than 2. Since n=O at this time, the 

judgment result is YES. Therefore, processing advances to step S41 where n is 

5 incremented by 1. After n becomes n=l, processing returns to step S36. 

In step S36, variable m is initialized to 0 again, and in step S37, processing is 

~xecuted in which rendering is performed by further adding the values obtained by 

multiplying convolution filter coefficient Cy[O][l] (=Co1) by the source pixel data Csp 

from the range defined by i=O to 4, j=l to 4 to the previously rendered destination 

10 values. 

As a result of this processing, values such as Cdpll' C dp12' Cdp21' and ~p22, 

for example, are obtained as shown in Fig. 17. 

Cdpll =CspooxCoo+CsplOxC1o+Csp20xCzo+Csp01 xC01 

Cdp21 =Csp1oxCoo+Csp20xC1o+Csp30xCzo+Csp11 xC01 

15 Cdp12=Csp01 xCoo+Cspll xC1o+Csp21 xC20+Cspo2xCo1 

Cdp22=Cspl1 xCoo+Csp21 xC1o+Csp31 xC20+Csp12xCo1 

Thereafter, similar processing is executed repeatedly until the judgment is made 

in step S40 that variable n is not less than 2 (that is, until the variable n becomes n=2). 

-As a result of this processing, rendering such as that shown in Fig. 18 is performed in 

20 the destination area and values such as Cdpll' Cdp2h Cdp12~ and Cdp22' for example, 

are obtained. 

Cdpll =CspooxCoo+CsplOxC10+ Csp2oxC2o+CspOl xC01 

+Cspl 1 xC11 +Csp21 xC21 + Csp02xC02+Csp12xC12+Csp22xC22 

Cdp21 =Csp1oxCoo+Csp20xC10+ Csp3oxC2o+Cspl1 xC01 

25 +Csp21 xCu +Csp31 xC21 + Csp12xC02+Csp22xC12+Csp32xC22 

· Cdp12=Csp01 xCoo+Cspll xC10+ Csp21 xC2o+Cspo2xCo1 
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+Csp12xC11 +Csp22xC21 + Cspo3xC02+Csp13xC12+Csp23xC22 

Cdp22=Csp11 xCoo+Csp21 xC10+ Csp31 xC2o+Csp12xCo1 

+ Csp22xC11 +Csp32xC21 + Csp13xC02+Csp23xC12+Csp33xC22 

PCT/JP99/02622 

Since the pixel value of Csp16 is required as source pixel data at this time and 

5 this image data does not actually exist, the pixel data Cdp for j=5 {=VMAX-1) becomes 

invalid pixel data, as shown in Fig. 16. 

As a result of the processing described above, pixel data _values are obtained for 

which convolution filtering was executed in the range defined by i=l to HMAX-2 and 

j=l to VMAX-2. 

10 The processing described above is for convolution filter coefficients that are 

positive. If the convolution filter coefficients contain negative numbers, the rendering 

commands that are output from main CPU 31 to rendering engine 41 are as follows. 

Set_ Mode(O); 

Flat_Redaogle(l,1,HMAX-1,1,HMAX-1, VMAX-1,1,VMAX-1, 

15 for(n=O;n<3;nt+){ 

for(m=O;m<3;mH-){ 

if(Cv[ m][n]> O){ 

Set_ Mode(l); 

Flat_ Texture_ Redangle(l,l,HMAX-1, 1,HMAX-1, VMAX-1, 1, VMAX-1,m 

20 n,HMAX-2+m,n,HMAX-2+m, VMAX-2-+il,m, VMAX-2-fil, Cv[m][n]); 

} 

if(c;,[m][n]<O){ 

Set_ Mode(2); 

Flat_ Texture_ Redangie(l,l,HMAX-1, 1,HMAX-1, VMAX-1, 1, VMAX-1,m 

25 n,HMAX-2+m,n,HMAX-2+m, VMAX-2+n,m, VMAX;.2+n, -c;,[m][nD? 

} 



} 

} 

Set_ Mode(2); 
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Flat_ Texture_Roclangle(l,1,HMAX-1,1,HMAX-1, VMAX-1, 1,VMAX-1, CMAX!2); 

S Fig. 19 and Fig. 20 show this process represented as a flowchart. 

First, in step SSl, the convolution filter coefficients Cv[m][n] are set to 

stipulated values. Next, in step SS2, rendering engine 41 sets mode 0 as the blending 

mode according to an instruction from main CPU 31. Then, in step SS3, rendering 

engine 41 renders the value CMAX/2 in the destination area rectangle (1, 1, HMAX-1, 

10 1, HMAX-1, VMAX-1, 1, VMAX-1) in rendering area S2 of image memory 43. 

CMAX is the maximum value of the pixel values. In this case, the value that is 1/2 of 

the maximum value of the pixel values is rendered in the range defined by i=l to 

HMAX-1 and j=l to VMAX-1 of the destination area, as shown in Fig. 21. 

Next, in steps SS4 and SSS, the variables n and mare each initialized to 0, and in 

lS step SS6, a judgment is made to determine whether or not the convolution filter 

coefficient Cv[m][n] is positive. If this filter coefficient is positive, processing 

advances to step SS7 where mode 1 is set ~s the blending mode. Next, processing 

advances to step SSS and rendering is performed. Since this rendering is similar to the 

processing in step S37 of Fig. 12, whlch was' described above, its explanation is omitted 

20 here. 

After step SSS, processing advances to step SS9 where a judgment is made to 

determine whether or not the variable m is less than 2. If m is judged to be less than 2, 

processing advances to step S60, where the variable m is incremented by 1. Then, 

processing returns to step SS6. The subsequent processing is executed again. 

25 In step S59, if the variable m is not judged to be less than 2 (that is, when m=2), 

processing advances to step S61, where a judgment is made to determine whether the 
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variable n is less than 2. If the variable n is less than 2, processing advances to step S62, 

where the variable n is incremented by 1. Then, processing returns to step SSS, and the 

subsequent processing is executed again. 

In step S61, if the variable n is not judged to be less than 2 (that is, when n=2), 

S processing advances to step S63, where mode 2 is set as the blending Diode. Then, in 

step S64, rendering engine 41 ~xecutes processing in which rendering is performed by 

subtracting the CMAX/2 values that were rendered in step SS3 from the pixel values of 

the destination area rectangle (1, 1, HMAX-1, 1, HMAX-1, VMAX-1, 1, VMAX-1). 

On the other hand, when the convolution filter coefficient Cv[ m ][ n] is not judged 

10 to be positive in step S56, processing advances to step S6S, where a judgment is made 

to determine whether or not this coefficient is negative. If this coefficient is judged to 

be negative, processing advances to step S66, where mode 2 is set as the blending mode. 

Then in step S67, similar rendering processiiig is execut~ as th<? processing in step S58 

(that is, step S37 of Fig. 12). 

15 In s~p S65, if the coefficient Cv[m][n] is not judged to be negative (that is, this 

coefficient is judged to be 0), the processing of steps S66 and S67 is skipped. 

After step S67, processing advances to step 8S9, and similar processing to that 

described above is executed. 

Although the above processing executed convolution ~tering by rendering pixel 

20 data in units of polygons, similar processing can be executed even if ihe rendering is 

performed in units of pixels. Fig. 22 shows a processing example for this case. 

First, in step S71, the convolution filter coefficients Cv[m][n] are set. In step 

872, mode 1 is set as the blending mode. In steps S73 and S74, the variables j and i are 

each initialized to 1, and in step S75, the values of the destination pixel data Cdp[i][j] 

25 are initialized to 0. 

Next, in steps S76 and S77, the variables n and m are initialized to 0. In step 
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878, processing is executed in which rendering is performed by multiplying the 

· convolution filter coefficient Cy[ m ][ n] by the source pixel data Csp[i+m-1 ]fj+n-1] and 

adding the result to the destination pixel data Cdp[i][j]. 

Next, in step S79, a judgment is made to determine whether or not the variable 

5 m is less than 2. Since ~=0 at this time, the judgment result is YES, and the variable m 

is incremented by 1 in step S80. After mis set to m=l, processing returns to step 878. 

In step 878, processing is executed in which rendering is performed by 

multiplying the adjacent convolution filter coefficient Cy[m][n] located one pixel to the 

right in the X-direction by the adj~cent source pixel data Csp[i+m-l]fj+n-1] located one 

10 pixel to the right in the X-direction and adding the result to the same destination pixel 

data Cdp[i][j]. 

Similar processing is repeatedly executed until the variable m is not judged to be 

less than i (that is, until m=2) in step S79. Then, processing advances to step S81 

where a judgment is made to determine whether or not the variable n is less than 2. If 

15 the variable n is less than 2, processing advances to step S82, where the variable n ·is 

incremented by 1. Then, processing returns to step S77, and the subsequent processing 

is executed again. 

The above processing is repeatedly executed until the variable n is not judged to 

be less than 2 (that is, until n=2) in step 881. The processing described above causes 

20 the results of multiplying by each of the elements of the 3x3 array of convolution filter 

coefficients to be repeatedly rendered and added to the s~e destination pixel data 

Cdp[i][j]. That is, the convolution filtering of a single subject pixel is completed. 

Next, processing advances to step 883, where a judgment is made to determine 

whether or not the variable i is less than HMAX-2. If the variable i is less than HMAX-

25 2, processing advances to step S84, where the variable i is increment by 1. After the 

variable i is incremented, processing returns to step S75, and subsequent processing is 
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executed again. That is, the destination pixel data is shifted one pixel at a time in the X­

direciion, and similar processing is executed. 

In step S83, if the variable i is not judged to be less than HMAX-2 (that is, when 

i=HMAX-2), processing advances to step S85, where a judgment is made to determine 

5 whether or-not the variable j is less than VMAX-2. If the variable j is less than VMAX-

2, processing advances to step S86, where the variable j is increment by 1. After the 

variable j is incremented, processing returns to step S74, and subsequent processing is 

executed again. That is, similar processing is repeatedly executed sequentially while 

the destination pixel data is shifted one pixel· at a time in the Y-direction. Then, when 

10 the variable j is judged to be j=VMAX-2 in step 885, convolution filtering is terminated. 

This processing enables a similar result to be obtained as the processing shown 

in Fig. 12 or in Fig. 19 and Fig. 20. However, when rendering is performed in units of 

pixels, not in units of polygons, the processing ultimately takes considerable time 

because the address generation processing is time consuming. Therefore, it is preferable 

15 to execute rendering in units of polygons as shown in Fig. 12 or in Fig. 19 and Fig. 20. 

Here follows an explanation of pyramid filtering. Pyr(lmid filtering repeatedly 

performs processing in which the average value of fom mutually adjacent pixel values 

of a processing image is obtained and that pixel is placed at the center of the fom pixels. 

That is, when processing that computes the average pixel value of four neighboring 

20 points according to bilinear interpolation is executed, an (n/2) x (n/2) array of image 

data is obtained from an n x n (n is a power of 2) array of processing jmage data. : 

When this processing is repeatedly executed, the data for the single pixel at the apex of 

the pyramid will be the pixel data representing the average value of all of the pixels of 

the base of the pyramid. 

25 To execute this kind of pyramid filtering, main CPU 31 outputs the following 

kind of rendering commands to rendering engine 41. 
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int L; /* Length of one side of source area *' 
int offset; 

L=2NI\ ; '* Length of one side initial image * 
offset= O; 

5 while (L> 1 ){ 

Set_Texture_Base (0,offset); /*Set base point of texture area~ 

offset+= L; 
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Set_ Drawing_ Base(O,offset); /* Set base point of rendering area ~ 

Flat_ Texture_ Rectangle(O,O, L/2,0, L/2,L/2, O,L/2, 0.5,0.5, L+0.5, 

10 0.5, L+0.5,L+0.5, 0.5,L+0.5, 1.0); 

L=L/2; 

} 

Fig. 24 shows these rendering commands represented as a flowchart. First, in 

step S91, the variable offset is initialized to 0. Next, in step S92, processing is executed 

15 in which (0, offset) is set for the base point of texture area 51. That is, the base point 

T(O,O) is set, as shown in Fig. 25. Next, processing advances to step S93, where the 

variable offset is incremented by L Then, in step S94, (O,offset) is set for the base point 

of rendering area 52. At this time, the base point D(O,L) is set, as shown in Fig. 25. 

Next, in step S95, processing is executed in which rendering is performed by 

20 multiplying 1 by the pixel values of the source (texture) rectangle (0.5, 0.5, L+0.5, 0.5, 

L+0.5, L+0.5, 0.5, L+0.5) and adding the· result to the destination rectangle (0, 0, L/2, 0, 

L/2, L/2, 0, L/2). ·That is, the processing image of the next higher level is obtained from 

the processing image of the lowest (pyramid base) processing image, as shown in Fig. 

23. 

25 Next, processing advances to step S96, where the variable L becomes 1/2 of its 

current value. In step S97, a judgment is made to determine whether or not the variable 
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Lis greater than 1. If the variable L is greater than 1, processing returns to step S92, 

and subsequent processing is executed again. That is, the image data of the third level 

will be obtained by this processing from the data of the second level. 

Then, similar processing is executed again. When the variable L is not judged to 

5 be greater than 1 (that is, when the variable Lis judged to .be L=l) in step S97, pyramid 

filtering is terminated. 

Here follows an explanation of interframe differencing. In interframe 

differencing, the difference of the image of the frame at time t and the image of the 

frame at time t+ 1 is computed, as shown in Fig. 26. This enables the area of the image 

10 containing movement to be extracted. 

In this case, main CPU 31 causes rendering engine 41 to execute the processing 

shown in the flowchart of Fig. 27. First, in step S101;, rendering engine 41 sets mode 2 

as the blending mode according to an instruction from main CPU 31. Next, in step 

S102, rendering engine 41 sets the image data of the temporally later frame as the 

15 destination image and sets the image data of the temporally earlier frame as the source 

image data. Then, in step $103, rendering engine 41 executes processing in which 

rendering is performed by subtracting the pixel valu~s of the source rectangle from the 

pixel values of the destination rectangle. In a static image area, the pixel data of the 

destination frame and the pixel data of the source frame will essentially have the same 

20 values. As a result, when the processing is executed in step S103, the values of.that 

pixel data will be practically 0. 

In contrast, the values of pixel data in an area containing movement will differ in 

the destination and source. Therefore, the pixel data values obtained as a result of the 

processing in step S103 will have fixed nonzero sizes. Consequently, areas containing 

25 movement and areas containing static images can be distinguished from the size of each 

pixel data value of image data for which interframe differencing was performed. 
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Here follows an explanation of interimage distance computation. The 

interimage distance represents the degree to which the images of the two frames 

indicated by image A and image B differ, as shown in Fig. 28. To obtain this 

interimage distance, processing for obtaining the difference image of image A and 

5 image B is executed with clamping. Clamping is a saturation process wherein values 

less than 0 are set to 0 and values greater than a maximum value are set to the maximum 

value. To obtain the interimage distance of image A and image B, clamped difference 

image data for which image B was subtracted from image A and clamped difference 

image data for which image A was subtracted from image B are obtained, and those are 

10 added to obtain the difference image data for which the absolute value has been taken. 

For example, assume that the value of fixed pixel data of image A is 13 and the 

value of the corresponding pixel data of image Bis 20. Then the· value. of A-Bis -7, and 

the value when the result is clamped will be 0. Also, the value of B-A is 7. As a result, 

the value obtained by adding both of these will be 7. 

15 When the difference image data for which the absolute value has been taken is 

obtained in this way, pyramid filtering of this data is executed next. When pyramid 

filtering is executed as described above, the value of the single pixel at the apex will be 

the average value of all of the pixels of the processing image (difference image for 

which the absolute value has been taken). Since this average value is the average of the 

20 absolute values of the difference of image A and image B, it can be considered as the 

interimage distance of image A and image B. 

To obtain the interimage distance, main CPU 31 causes rendering engine 41 to 

execute processing like that shown in the flowchart of Fig. 29. First, in step Slil, 

rendering engine 41 sets the first image (image A in Fig. 28) as the destination image 

25 and sets the second image (image B) as the source image. In step 8112, rendering 

engine 41sets the blending mode to mode_ 2. Next, in step 8113, rendering engine 41 
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performs rendering by subtracting the pixel values of the source image (image B) from 

the pixel values of the destination image (image A) and executing clamping. As a result 

of this processing, the clamped difference image data of A-Bis obtained in the first 

distance image area. 

5 · Next, in step 8114, processing is executed in which the second image (image B) 

is set as the destination image and the first image (image A) is set as the source image. 

Next, in step S115, mode 2 is set as the blending mode. In step 8116, processing is 

executed in which rendering is performed by subtracting the pixel values of the source 

image (image A) from the pixel values of the destination iniage (image B) and 

10 · executing clamping. As a result of this processing, the clamped difference image data 

of B-~ is obtained in the second distance image area. 

Next, in step 8117, rendering engine 41 sets the image of the first distance 

iinage area (clamped difference image of A-B) as the destination image and sets the 

image of the second distance image area (clamped difference image of B-A) as the 

15 source image. Then, in step S118, mode 1 is set as the blending mode. In step 8119, 

processing is executed in which rendering is performed by adding the pixel values of 

the source image (clamped difference image of B-A) to the pixel values of the 

destination image (clamped difference image of A-B). As a result of this processing, 

the difference image data for which the absolute value has been taken is obtained. 

20 Next, in step 8120, the interimage distance can be generated by applying the 

pyramid filtering to the absolute value for the difference image shown in Fig. 29. 

Here follows an explanation of pattern matching. To execute pattern matching 

of a subject image and template image when the template image size is large (for 

example, when it is equal to the subject image size), main CPU 31 causes rendering 

25 engine 41 to execute processing like that shown in the flowchart of Fig. 30, for example. 

First, in step S131, rendering engine 41 reduces the PxQ pixel subject image top 
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xq pixels by executing pyramid filtering. Similarly, in step S132, rendering engine 41 

reduees the PxQ pixel template image to pxq pixels by executing pyramid filtering. 

Next, in step S133, rendering engine 41 obtains the interimage distance between 

the pxq pixel subject image and the _pxq pixel template image in an sxt pixel block. The 

5 interimage distance computation is performed as shown in the flowchart of Fig. 29, 

which was described above~ 

· Next, in step S134, a judgment is made to determine whether or not the 

interimage distance has been obtained in all ranges. If there still exists a range for 

which the interimage distance has not been obtained, processing advances to step S135, 

10 where processing is executed for shifting the block position by one pixel. Then, 

processing returns to step S133, and similar processing is executed again. 

If it is judged in step S134 that the interimage distance has been obtained in all 

ranges, processing advances to step S136. In step S136, main CPU 31 controls 

rendering engine 41, causing it to extract a more detailed image of the neighborhood of 

15 the area with the closest distance among the interimage distances that were obtained by 

repeatedly executing the processing of step S133. 

Next, processing advances to step S137, where pro~ssing is executed for 

obtaining the interimage distance of an s x t pixel block of the area that was extracted 

in step S136. In step 8138, a judgment is made to determine whether or not the 

20 interimage distance has been obtained in all ranges. If there still exists a range for 

which the interimage distance has not been obtained, processing advaI,J.ces to step S139, · 

where processing is executed for shifting the block position by one pixel. Then, 

processing returns to step S137, and similar processing is executed again. 

If it is judged in step S138 that the interimage distance has been obtained in all 

25 ranges, processing advances to step S140 wherein the block corresponding to the one 

with the closest distance among the multiple interimage distances that were obtained by 



PCT/JP99/02622 

33 

repeatedly executing the processing of step 8137 is extracted. 

The processing described above is performed when the template image size is 

relatively large compared with the subject image size. However, if the template is 

sufficiently small compared with the subject image, pattern matching can be performed 

5 as shown in the flowchart of Fig. 31. 

In this case, in step 8151, the subject image is selected as the first image. Then, 

in step 8152, rendering engine 41 generates the second image by arranging multiple 

instances of the relatively small template, as shown in Fig. 32. In step 8153, processing 

is executed for computing the interimage distance of the subject image that was selected 

10 in step 8151 and the template image that was generated in step 8152. This interimage 

distance computation is executed in a similar manner as that shown in the ·flowchart of 

Fig. 29. However, in this embodiment, since the second image is generated by 

arranging multiple instances of the template, as shown in Fig. 32, the interimage 

distance is computed in units of this template. 

15 In step 8154 the minimum value of the interimage distance of each template is 

selected. In step 8155 the coordinates of the first image corresponding to the selected 

template are detected. In step 8156 the region in the vicinity of the detected coordinates 

of the first image is set to be the search range. In step 8157 one template is set to be the 

second pixel. In step S158 the interimage distance of an sxt pixel block is obtained. 

20 In step 8159, a judgment is made to determine whether or not the interimage 

distance has been obtained in all search ranges. If there still exists a range for which the 

interimage distance has not been obtained, processing advances to step 8160, where the 

position of the second image is shifted by one pixel. Then, processing returns to step 

8158, and the subsequent processing is executed again. 

25 If it is judged in step 8159 that the interimage distance has been obtained in all 

search ranges, processing advances to step S161 wherein the block with the closest 
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interimage distance among the multiple interimage distances that were obtained by 

repeatedly executing the processing of step S158 is extracted. 

Fig. 33 shows an example of processing for detecting motion vectors. First, in 

step S161, PCRTC 44 causes the previous frame image and the current frame image, 

5 which were output from video camera 35, to be stored in image memory 43, as shown 

in Fig. 34. Next, processing advances to step S162, where main CPU 31 extracts one 

block of the previous frame image as the template. Then, in step S163, main CPU 31 

executes processing for obtaining the interimage distance of the template that was 

extracted in step S162 and the image (block) of the corresponding range of the current 

10 frame, as explained in the flowchart of Fig. 29. 

Next, in step S164, main CPU 31 judges whether or not all search ranges of the 

current frame have been searched. If there still exists a range that has not been searched, 

processing advances to step S165, where the position of the image (block) of the 

corresponding range of the current frame is shifted by one pixel. Then; processing 

15 returns to step S163, where processing for obtaining the interimage distance of the 

template image and the image of the block of the current frame is executed again. 

The processing described above is repeatedly executed until it is judged in step 

S164 that all search ranges have been searched. When it is judged in step S164 that all 

search ranges have been searched, processing advances to step S166, where main CPU 

20 31 obtains the closest interimage distance from among the multiple interimage distances 

that were obtained by repeatedly executing the processing of step S163 and selects the 

corresponding block in the current frame as the closest block. Then, in step S167, main 

CPU 31 obtains the motion vector between the template and the closest block that was 

selected in step S166. 

25 Next, in step S168, main CPU 31 judges whether or not motion vectors have 

been obtained for all blocks of the previous frame. If there still remains a block for 
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which the motion vector has not been obtained, processing returns to step S162, where 

main CPU 31 extracts a new block from the previous frame as the template, and similar 

processing is executed again. 

If it is judged in step Sl68 that motion vectors have been obtained for all blocks 

5 of the previous frame, processing is terminated. 

Although motion vectors can be obtained as described above, they can also be 

obtained as shown in Fig. 36, for example. In this example, in step Sl 71, the previous 

frame image and the current frame image, which were output from video camera 35, are 

stored in image memory 43. Next, in step Sl 72, the interimage distances of each block 

10 of the previous frame and current frame are obtained simultaneously, as shown in Fig. 

38. 

In step 8173, main CPU 31 judges whether or -not the position of the current 

frame has been shifted relative to the previous frame in the entire search range. If there 

still remains an unshifted current frame position within the entire search range, 

15 processing advances to step 8174, where main CPU 31 executes processing for shifting 

the position of the current frame relative to the previous frame by one pixel. Then, 

. processing returns to step 8172, and processing for simultaneously o_btaining the 

interimage distance of each block of the previous frame.and current frame is executed 

again. 

20 The processing described above is repeatedly executed until it is judged in step 

8173 that the current frame has been shifted in the entire search range. Each time the 

processing of step Sl 72 is executed, the m~mber of interimage distances that are . 
obtained is equal to the total number of blocks. Therefore, in step Sl 73, when the 

judgment is made that the current frame has been shifted in the entire search range, the 

25 number of interimage distances that have been obtained will be equal to the number of 

pixels in the search range multiplied by the number of blocks. 
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In step Sl 75, the closest interimage distance among the pixel-count number of 

interimage distances within the search range is selected for a single block, and the block 

in the current frame that corresponds to that closest interimage distance is selected as 

the closest block. Similar processing is executed for all of the blocks. Then, in step 

5 Sl 76, the motion vector of the closest block, which was obtained in step Sl 75, and the 

previous frame is obtained for each block. 

Obtaining the motion vectors in this way enables the motion vectors to be 

obtained quicker than by the method shown in Fig. 33. 

Obtaining the motion vectors as shown in the flowchart of Fig. 38 also enables 

10 them to be ·obtained quicker than by the method shown in Fig. 33. 

In the example shown in Fig. 38, in step 8181, the previous frame image and the 

current frame image, which were output from vi~eo camera 35, are stored in image 

memory 43. Next, processing advances to step 8182, where main CPU 31 creates low 

resolution image data by executing pyramid filtering on the previous frame and the 

15 current frame, respectively, as shown in Fig. 39. This pyramid filtering is executed as. 

explained for the flowchart in Fig. 24. 

Next, in step 8183, main CPU 31 executes processing for obtaining low 

precision motion vectors by using the low resolution image data that was obtained in 

step S182. This processing for obtaining the motion vectors is executed as explained 
' 

20 for Fig. 33 or Fig. 36. When the low precision motion vectors have been obtained in 

step 8183, processing advances to step 8184. In step 8184, main CPU 31 executes 

processing for obtaining high precision motion vectors by searching the range covered 

by the low precision motion vectors, for each block, based on the original resolution 

(before pyramid filtering was performed) image data. This processing for obtaining the 

25 motion vectors is also executed as shown in Fig. 33 or Fig. 36. 

Here follows an explanation of a Hough transformation. A Hough 
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transformation, which is processing for transforming a straight line to a point, is defmed 

as follows. 

· Ah( P, e )= SS.t\(x,y) ~ ( p-xcos e-ysin e )dxdy (14) 

The above equation can be transformed as follows. 

5 Ah(p, e)= S A(pcose-tsine, psine-tcose)dt (15) 

Fig. 40 represents an example of processing in which· rendering engine 41 

executes a Hough transformation. First, in step S191, 0 is initialized to 0. This 0 

represents the rotation angle of the input image, as shown in Fig. 41. In step S192, 

image data is computed by applying an affine transformation of angle 0 to the input 

10 image. This angle 0 defines the coefficients a to din equation (11) described above. 

Next, processing advances to step S193, where bilinear reduction in they­

direction is executed. Details about this bilinear reduction in the y-direction are 

described· later for the flowchart in Fig. 42. This processing causes the input image that 

had been rotated by the angle 0 to be expressed as a single straight line in the y-

15 direction, as shown by a typical example in Fig. 41. 

Next, processing advances to step S194. In step S194, processing is executed.in 

which the point sequence that had been linearly reduced in step S193 is written at the 

position corresponding to the angle 0 in rendering area 52. 

Next, in step S195, a judgment is made to determine whether or not 0 is equal to 

20 3t. If it is not equal to 3t, processing advances to step S196, where 0 is incremented by 3t 

/n. Then, processing returns to step S192, and the subsequent processing is executed 

again. When the judgment is made in step S195 that 0 is equal to 3t, processing is· 

terminated. 

For example, if the angular resoiution is 'Jt/n, this processing enables a Hough 

25 transformation to be performed on a 64x64 pixel image by using at most 6n polygons. 

Also, if the angular resolution .is 1t/n, a Hough transformation can be performed on 256x 
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256 pixel image data by using at most Sn polygons. 

Here follows an explanation of the processing details for performing the bilinear 

reduction in the y-direction in step S193 of Fig. 40. To cause rendering engine 41 to 

execute this processing, main CPU 31 supplies the following kinds of commands, for 

5 example, to rendering engine 41. 

int L; /* Length of one side of source area *1 

int offset; 

L0=2"N; /*Length of one side initiaI image*/ 

L=LO; 

10 offset=O; 

while(L> 1 ){ 

Set_ Texture_ Base(O,offset); /*Set base point of texture are8*/ 

offset +=L; 

Set_ Drawing_ Base (0, offset); /*Set base point of rendering area*1 

15 Flat_ Texture_ Rectangle(O,O, LO,O, L0,1/2, 0,1/2, 

0,0.5, L0,0.5, LO,L+0.5, O,L+0.5, 1.0);-

L=l./2; 

} 

Fig. 42 shows this processing represented as a flowchart. First, in step S201, the 

20 variable L is initialized to Lo and the variable offset is initialized to 0. Next, in step 

S202, processing is executed in which (O,offset) is set for the base point of texture area 
' . 

51. That is, the base point T(O,O) is set, as shown in Fig. 43. Next, processing advances 

to step S203, where the variable offset is incremented by L. Then, in step S204, 

(O,offset) is set for the base point of rendering area 52. At this time, the base point 

25 D(O,L) is set, as shown in Fig. 38. 

Next, in step S205, processing is executed in which rendering is performed by 
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multiplying 1 by the pixel values of the source (texture) rectangle (0, 0.5, Lo, 0.5, Lo, 

L+0.5, 0, L+0.5) and adding the result to the destination rectangle (0, 0, Lo, 0, Lo, LJ2, 

0, LJ2). 

Next, processing advances to step S206, where the variable L becomes 1/2 of its 

5 current value. In step 8207, a judgment is made to determine whether or not the 

variable L is greater than 1. If the variable L is greater than 1, processing returns to step 

S202, and subsequent pr_ocessing is executed again. 

Then, similar processing is repeatedly executed. When the variable L is not 

judged to be greater than 1 (that is, when the variable Lis judged to be L=l) in step 

10 S207, bilinear reduction in they-direction is terminated. · 

Here follows an explanation of motion blurring. If motion has occurred between 

the previous frame Ft and the current frame F2, as shown in Fig. 44, a motion vector 

exists between them. When the image is captured by u8ing a CCD with an electronic 

shutter, the image is captured without blur even for a rapidly moving object. When the 

15 movement is fast (that is, when the motion vector value is large), if frame F2 is directly 

displayed after frame Ft, the image may not appear to be moving smoothly because 

there is no image blur. In this situation, n convolution coefficients (the value of 

convolution coefficient C is assumed to be 1.0/n) are set along the motion vector to 

generate an image in which n images are superimposed. For example, in Fig. 39, since 

20 n=5 has been assumed, an image in which frames Fu to Ft5 have been superimposed 

is output after the previous frame Ji't instead.ofthe current frame F2· This enables the 

user to perceive the image as a smoothly moving image. This processing is called 

motion blurring. 

Here follows an explanation of motion blurring that is performed by rendering 

25 engine 41 as shown in the flowchart of Fig. 45. First, in step 8221, processing is 

executed for detecting motion vectors from the previous frame and current frame. That 
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is, for example, processing is executed for extracting motion vectors from the images of 

the current frame and its preceding frame among the images that were output from 

video camera 35, which has built-in CCDs with electronic shutters, as shown in Fig. 46. 

Next, in step S222, n convolution coefficients C are determined along the motion 

5 vectors. As described above, the values of these convolution coefficients C will be 1/n 

when the number of frames to be interpolated is n. 

Next, in step 223, mode 1 is set as the blending mode. In _step S224, the variable 

N, which indicates the number of times the convolution coefficients are to be changed, 

is initialized to 0. Next, in step S225, the previous frame image is set as the source 

10 image. In step S226, processing is executed in which rendering is performed by 

multiplying one convolution coefficient by the source and adding the result to the 

destination. 

Next, processing advances to step S227, where a judgment is made to determine 

whether or not all of the n convolution coefficients have been multiplied. If there still 

15 exists a convolution coefficient that has not been multiplied, processing advances to 

step S228, where processing for changing the convolution coefficients is executed. 

Then, in step S229, the variable N, which indicates the number of times the convolution 

coefficients are to be changed, is incremented by 1. 

In step S230, a judgment is made to determine whether or not the variable N, 

20 which is the number of times the convolution coefficients are to be changed, is greater 

than n/2. If the variable N is less than n/2, processing returns to step S225, and the 

subsequent processing is executed again. 

If the variable N is judged to be greater than n/2 in step S230, processing 

advances to step S231, where the image of the current frame is set as the source frame. 

25 Then, processing. returns to step S226, and the subsequent processing is executed again. 

· In step S227, when all of the n convolution coefficients have been multiplied, 
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processing is terminated. 

If there are 4 (n=4) convolution filter coefficients, as shown in Fig. 47, frames 

F21 and F22 (frames that are generated by the first and second renderings), which are 

close to the previous frame Fl, are generated based on the previous frame Fl, and 

5 frames F23 and F24 (frames generated by th~ third and fourth renderings) are generated 

based on the current frame F2 since they are close to the current frame F2. In this case, 

since the direction of the motion vector is opposite the natural direction, rendering is 

executed so that this fact is taken into account. 

S~ce the motion vectors exist in units of macro blocks, as shown in Fig. 46, · 

10 motion blurring is executed in units of macro blocks. 

By causing rendering engine 41 to execute the various types of processing 

described above, the processing results can be displayed on CRT 36, as shown in Fig. 

48, for example. In this case, main CPU 31 executes processing like that shown in the 

flowchart of Fig. 49. 

15 In step S251, main CPU 31 takes the video images that were input from video 

camera 35 via PCRTC 44 and memory interface 42 and stores them in image memory 

43. 

Next, in step S252, main CPU 31 controls rendering engine 41 to make it 

execute interframe differencing (motion extraction) as explained for the flowchart in Fig. 

20 27. 

Next, in step S253, main CPU 31 controls rendering engine 41 to make it 

execute edge extraction. Edge extraction is performed by setting values like those 

shown in Fig. 50 as the convolution filter coefficients for the convolution filtering 

e~plained in Fig. 12. 

25 Next, processing advances to step S254, where main CPU 31 controls rendering 

engine 41 to make it execute a Hough transformation as explained in the flowchart of 
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Fig. 40. Then, in step S255, main CPU 31 controls rendering engine 41 to make it 

execute line segment extraction based on the Hough transformation that was executed in 

step S254. 

In step S256, a judgment is made to determine whether o~ not the user instructed 

5 that the processing result of steps S252 to S255 be displayed. If no instruction was 

issued, processing returns to siep S251, and the subsequent processing is executed again. 

If it is judged in step S256 that the user instructed that the processing result be displayed, 

processing advances to step S257. In step S257, main CPU 31 controls PCRTC 44 so 

that PCRTC 44 reads the image that has been rendered in imag_e memory 43 via 

10 memory interface 46 and outputs that image to CRT 36 for display. As a result, the 

image is displayed on CRT 36, as shown in Fig. 48, for example. 

In the display example in Fig. 48, the image of the interframe differencing 

(motion extraction), whiCh is performed in step S252, is displayed at the left side, and 

the image of the edge extraction, which.is performed in step S253, is displayed to the 

15 right of the interframe differencing image. 

Then, to the right of the edge extraction image, the input image, which was 

introduced in step S251, is displayed at the bottom, the image of the Hough 

transformation (output image of Ah(p,0) in Fig. 41), which is performed in step S254, is 

displayed above the input image, and the result of the line segment extraction (line 

20 segments that were extracted by the Hough transformation), which is performed in step 

S255, is displayed above the Hough transformation image. 

In the above, the present invention was explained using the case of its 

application in a computer entertainment device as an example. However, the present 

invention can also be applied in other image processing devices. 

25 In this Specification, "system" refers to the entire apparatus consisting of 

multiple individual devices. 
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Note that the distribution medium used to distribute to users the computer 

program that performs the processing as described above may be magnetic disk, CD­

ROM, solid-state memory or other storage media, or a network, satellite or other 

communications medium may be used. · 

5 As described above, with the image processing device, the image processing 

process and the distribution medium of the present invnention, the action of applying a 

stipulated pixel-unit operation and rendering the data in the second storage means in 

units of polygons is performed repeatedly until a stipulated arithmetic result is obtained, 

so it is possible to perform image processing with a low-cost device having a simple 

10 construction. 

Also with the image processing device, the image processing method and the 

distri~ution medium of the present invention, there are generated rendering commands 

that cause the action of applying a stipulated p:Qcel-unit operation and rendering the data 

in units of polygons to be performed repeatedly until a stipulated arithmetic result is 

15 obtained, so rendering commands are used to permit the stipulated operations to be 

executed. 

With the image processing device of the present invention one portion of the 

operations among some stipulated pixel-unit operations are performed and the data is 

rendered in the second storage means in units of polygons, and then another portion of 

20 the operations among some stipulated pixel-unit operations are performed and this data 

is added to or subtracted from the image data and the data is rendered in units of 

polygons, so by means of the rendering process, various operations can be performed 

rapidly. 
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CLAIMS 

1. An image processing device comprising: 

a first storage means .for storing source image data in units of pixels; 

5 a second storage means for storing destination image data in units of pixels; and 

10 

a rendering means for performing an action of applying a stipulated pixel-unit 

operation to the source image data stored in said first storage means and rendering the 

data as destination image data in the second storage means in units of polygons 

repeatedly until a stipulated arithmetic result is obtained. 

2. The image processing device recited in Claim 1, wherein the source image data 

stored in said first storage means is image data output from a video camera. 

3. The image processing device recited in Claim 1, _and further comprising 

15 specification means for specifying an operation mode between said source image data 

and said destination image data. 

4. The image processing device recited in Claim 3, wherein said specification means 

specifies as said operation mode either a first mode wherein said source image data is 

20 added to said destination image data, or a second mode wherein said source imagC? data 

is subtracted from said destination image data. 

5. The image processing device recited in Claim 4, wherein said. specification means 

further specifies as said operation mode a third mode wherein said source image data is 

25 stored as said destination image data in said second storage means. 
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6. The image processing device recited in Claim 1, wherein smd stipulated operation is 

one of convolution filtering, pyramid filtering, interframe differencing, interimage 

distance computation, Hough transformation, motion blurring or bilinear interpolation. 

5 7. The image processing device recited in Claim 1, wherein said image processing 

device is a computer entertainment device. 

8. An image processing method in an image processing device including:. 

a first storage means that stores source image data in units of pixels, and a 

10 second storage means that stores destination image data in units of pixels comprising: 

the image processing method comprising: 

a rendering step wherein the action of applying a stipulated pixel-unit operation 

to the source image data stored in said first storage means and rendering the data as 

destination image data in the second storage means in mll:ts of p~lygons is performed 

15 repeatedly until a stipulated arithmetic result is obtained. 

9. A distribution medium used in an image processing device including a first storage 

means that stores source-image image data in units of pixels, and a second storage 

means that stores destination image data in units of pixels; 

20 said distribution medium is used to distribute a program that executes processing 

comprising: 

a rendering step wherein an action of applying a stipulated pixel-unit operation 

to the source image data stored in said first storage means and rendering the data as 

destination image data in the second storage means in units of polygons is performed 

25 repeatedly until a stipulated arithmetic result is obtained. 
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10. An image processing device comprising: 

storage means comprising a first storage unit that stores source image data in 

units of pixels and a second storage unit that stores destination image data in units of · 

pixels; 

5 a generation means that generates rendering commands that cause the action of 

applying a stipulated pixel-unit operation to the source image data stored in said first 

storage means and rendering the data as destination image data in .the second storage 

means in units of polygons to be performed repeatedly until a stipulated arithmetic 

result is obtained; and 

10 an execution means that C?xecutes rendering commands generated by said 

15 

generation means. 

11. The image processing device recited in Claim 10, wherein the source image data 

stored in said first storage means is image data output from a video camera. 

12. The image processing device recited in Claim 10, and further comprising 

specification means for specifying the operation mode between said source image. data 

and said destination image data. 

20 13. The image processing device recited in Oaim 12, wherein said specification means 

specifies as said operation mode either a first mode w~erein said source image data is 

added to said destination image data, or a second mode wherein said source image data 

is subtracted from said destination image data. 

· 25 14. The image processing device recited in Claim 13, wherein said specification means 

further specifies as said operation mode a third mode wherein said source image data is 
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stored as said destination image data in said second storage means. 

15. The image processing device recited in Claim 10, wherein said stipulate~ operation 

is selected from the group consisting of convolution filtering, pyramid filtering, 

5 interframe differencing, interimage distance computation, Hough transformation, 

motion blurring and bilinear interpolation. · 

10 

16. The image processing device recited in Claim 10, wherein said image processing 

device is a computer entertainment device. 

17. An image processing method in an image processing device which has storage 

units that store image data, comprising: 

a storage step wherein source image data is stored in a first storage unit in units 

of pixels and also destination image data is stored in a second storage unit in units of 

15 pixels; and 

a generation step of generating rendering commands that cause the action of 

applying a stipulated pixel-unit operation to the source image data stored in said first 

storage means in said storage step and rendering the data as destination image data in 

the second.storage means in units of polygons to be performed repeatedly until a 

20 stipulated arithmetic result is obtained. 

18. A distribution medium used in an image processing device that has storage units 

that store image data, to distribute a program that executes processing, the distribution 

medium comprising: 

25 a storage step wherein source image data is stored in a first storage unit in units 

of pixels and also destination image data is stored in a second storage unit in units of 
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pixels; and 

a generation step of generating rendering commands that cause the action of 

applying a stipulated pixel-unit operation to the source image data stored in said first 

st<?rage unit in said storage step and rendering the data as destination image data in the 

5 second storage unit in units of polygons to be performed repeatedly until a stipulated 

arithmetic result is obtained. 

19. An image processing device comprising: 

a first storage means that stores source image data in units of pixels; 

10 a second storage means that stores destination image data in units of pixels; 

a first rendering means that performs one portion. of the operations among some 

stipulated piXel-unit operations to the source image data stored in said first storage 

means and renders the data as destination image data in the second storage means in. 

units of polygons; and 

15 a second rendering means that performs another portion of the operations among 

20 

some stipulated pixel-unit operations to the source image data stored in said first storage 

means, adds or subtracts this data to or from the image data already rendered by said 

first rendering means and renders the data as destination image data in the second 

storage means in units of polygons. 

20. The image processing device recited in Claim 19, wherein the source image data 

stored in said first storage means is image data output from a video camera. 

21. The image processing device recited in Claim 19, and further comprising 

25 specification means for specifying the operation mode between said source image data 

and said destination image data. 

' 
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22. The image processing device recited in Claim 21, wherein said specification means 

specifies as said operation mode either a first mode wherein said source image data is 

added to said destination image data, or a second mode wherein said source image data 

5 is subtracted from said destinatio.n image data. 

10 

15 

23. The image processing device recited in Claim 22, wherein said specification means 

further specifies as said operation mode a third mode wherein said source image data is 

stored as said destination image data in said second storage means. 

24. The image processing device recited in Claim 19, wherein said stipulated operation 

is selected from the group consisting of convolution filtering, pyramid filtering, 

interframe differencing, interimage distance computation, Hough transformation, 

motion blurring or bilinear interpolation. 

25. The image processing device recited in Claim 19, wherein said image processing 

device is a computer entertainment device. 

26. An image processing method in an image processing device including a first 

20 storage means that stores source· image data in units of pixels, and a second storage 

means that stores destination image data in units of pixels, the image processing method 

comprising: 

a first rendering step wherein one portion of the operations among some 

stipulated pixel-unit operations are perfo~ed on the source image data stored in said 

25 first storage means and the data is rendered as destination image data in the second 

storage means in units of polygons; and 
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a second rendering step wherein another portion of the operations among some 

stipulated pixel-unit operations are performed on the source image data stored in said 

first storage means, this data is added to or subtracted from the image data already 

rendered in said first rendering step and the data is rendered as destination.image data in 

5 the second storage means in units of polygons. 

27. A distribution medium used in an image processing device including a first 

storage means that stores source image data in units of pixels, and a second storage 

means that stores destination image data in units of pixel_s, the distribution medium 

10 being used to distribute a program that executes processing comprising: 

a first rendering step wherein one portion of the operations among some 

stipulated pixel-unit operations are performed on the source image data stored in said 

first storage means and the data is rendered as desti_nation imag~ data in the second 

storage means in units of polygons; and 

15 a second rendering step wherein another portion of the operations among some 

20 

stipulated pixel-unit operations are performed on the source image data stored in said 

first storage means, this data is added to or subtracted from the image data already 

rendered in said first rendering step and the data is rendered as destination image data in 

the second storage means in units of polygons. 
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