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DESCRIPTION

IMAGE PROCESSING DEVICE, METHOD AND DISTRIBUTION MEDIUM
BACKGROUND OF THE INVENTION |
Technical Field

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

method and distribution medium, and particularly to an fmage 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 conﬁguratibﬁ 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. Image processor 2 stores the image data
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 12 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

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

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

The display data that was generated in graphics processor 3 is output and displayed on
CRT 4.

CPU 5 also receives a suppiy of data that is output from video camera 1 or

~ 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 prooessing
that applied convolution filtering to the image data that ;;vas output from video camera 1
and output the result to CRT 4 for display, the operation at this time would be, forl
example, as shown in the flowchart in Fig. 2. This processing is basically executed by
CPUSs.

In step S1, 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 s_duroe frame
image data, consists of an HMAXxVMAX array of pixel data Cgp as shown, for

example, in Fig. 3. In step S1, CPU 5 also sets the convolution filter coefficients
C[m][n]. In the example in Fig. 4, these convolution filter coefficients Cy[m][n] consist

of a 3x3 array of coefficients.

Next, in step S2, CPU 5 assumes an HMAXxVMAX array of pixél data as

destination frame pixel data Cdp, as shown in Fig. 5, and initializes the value of pixel
data Cgp[1][1] corresponding to coordinate (1,1) among them to 0. In additibn, CPUS
initializes variable j to 1 in step S3 and variable i to 1 in step S4. The variables i and j
represent the horizontal coordinate (i) and vertical coordinate (j) of the source ﬁame
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 variable j takes the values from 0 to
VMAX-1.

In steps S5 and S6, the variables n and m aré each initialized to 0. The variables

n and m represent the horizontal coordinate (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

equation.

Caplillil=Cdp[i][i]+Cy[m][n]*Cgp[i+m-1][j+n-1] @
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Now, since j=1, i=1, n=0, and m=0 have been set and the initial value of
Cdpli][i] has been set to 0, the following equation can be obtained.
Cap[1][1]=Cy[0][0]*Csp[0][0] | @

Next, processing advances to step S8, and CPU 5 judges whether or not variable
m is less than 2. Since m=0 at this time, it is less than 2. Therefore, processing

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

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

obtained as the result.
Cap[11[1]=Capl1][1]+Cy[1][0]*Csp[1][0] C)

Here, the value of C4p[1][1] on the right hand side of equation (3) is the value
obtained by using equation (2).

Processing advances to step S8, and CPU § again judges whether or not variable
m is less than 2. Since m=1 at this time, processing advances to step S9 where m is
increrhented by 1. At this'time, m=2. Then, processing returns to step S7, and equation
(1) is computed again. |

The following equation is obtained as the result.
Capl11[1]=Cdp[1][1]+Cy[2][0]*Csp[2][0] @ _

The processing described above results in a value that is the sum of the products
obtained by multiplying the convolution filter coefficients Cy[0]{0], Cy[1][0], and
Cy[2][0] by the source pixel data Cspl0][0], Csp[1][0), and CSP[Z] [0], respectively.

Next, processing advances to step S8, and CPU'5 judges whether or not variable
m is less than 2. Siﬁce 1ﬂ=2 at this time, the judgment result is NO, and processing
advances to step S10. In step S10, CPU 5 judges whether or not variable n is less than 2.
Since n=0 at this time, the judgment result is YES, and processing advances to step S11.
In step S11, variable n is incremented by 1. At this time, n=1.

Then, after processing returns to step S6 where m is initialized to m=0, equation
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(1) is computed again in step S7. The following equation is obtained as the result.
Capl1][11=Capl1][1]+Cy[0][1]¥Cspl0][1] ©)

Next, processing advances to step S8, and CPU 5 judges whether or not variable
m is less than 2. Since m=0 at this time, the .judgment result is YES, and m is set to
m=1 in step S9.- Then, processing returns to step S7, and equation (1) is computed again.
Equation (6) is obtained as the resulit.
CaplLI[1}=Cap[1][1]+Cyl ][ 11*Csp[11[1] (6)

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

computed as the results. _
Capl11[11=Capl1][1]+Cy[2][1]*Csp[2][1] Q)
Capl1I[1]=Cdp[1I[1+Cy[0][2]*Csp[O0][2] . ®
Capl11[1]=Cap[11[11+Cy[1][2]*Csp[11[2] ©®)
Capl11[11=Capl1]1[1]+Cy[2][2]*Csp[2][2] (10)

This completes convolution filtering in which the single pixél data Csp[1][1] is the
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 variableiis
less than HMAX-2=4). Since i=1 at this time, it is less than HMAX-2, and the
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 S5, and the
subsequent processing is executed. That is, convolution filtering in which the pixel data
Cspl2][1] is the subject pixel is executed in a similar manner as described for
convolution filtering in which pixel data Cspl1][1] is the subject pixel.

.Convolution filtering is performed sequentially for each pixel data in row j=1.

When pixel data Cgp[1]JHMAX-2] (for the example in Fig. 3, this is Cspl11[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 whethér 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=1 at .th'is time, the jhdgment result is YES. Processing advances to step S15
where variable j is incremented by 1. At this timé, j=2. Then, processing returns to step
S4, and the subsequent processing is executed. That is, convolution ﬁlteﬁng is executed
for each pixel data in row j=2 in a similar manner as described abbve.

When the convolution filter coefficient computation is completed as described
above for the source pixel data Csp[HMAX-2][VMAX-2] in the column for which i is
HMAX-2 of the row in which j is VMAX-2, the judgment result is NO in step S14, and

-convolution filteririg 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
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 i)e provided
separately, and this processing can also be executed by that hardware.

In an image processing device as described abéve, it is assumed that stipulated
operations will be performed by CPU 5, image processor 2, or special-purpose hérdware.
As a result, there are problems in that either 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
increase.

It is an object of the present invention to provide a low-cost device with a simple
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construction that is able to perform image processing.

Desclosure of Invention

An image processing device of the present invention comprises a first sbrage
means that stofes 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 means in units of polygons repeatedly until a stipulated arithmetic result is
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 iinage

 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
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 data in units of pixels, is used
to distribute a program that executes processing including 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 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
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; 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
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

a generation step for generating rendering commands that cause the action of applying a
stipulated pixel-unit operation 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.

Further, the distribution medium of the present invention is used to distribute a
program that executes processing ihcluding a storage step wherein source image data is
stored in a first storage unit of the device in units of pixels and also destinaﬁon 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
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
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 pottion 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 th_é second storage means in units of polygons; and a second
rendering means 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 renders the data as destination image data in the sécond storage means in
units of polygons.

Further, the image processing method of the present invention comprises 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 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 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 wﬁerein 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 opefations among some stipulated pixel-unit
operations are 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 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
data as destination image data in the second storage means in units of polygons is
performed repeatedly until a stipulated arithmetic result is obtained.

In the image processing .devioe, the image processing process and the
distribﬁtion medium of the invention, there are generated rendering commands that
cause the action of applying a stipﬁlé.ted 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 to be performed repeatedly until a stipulated
arithmetic result is obtained.

In the image processing device, the image prooeséing process and the
distribution medium, one portion of the operations among some stipulated pixel-unit
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 ih units
of pol}?gons, 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
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
conventional image processing device;

Fig.2 isa 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

~ processing device according to the present invention;.

Fig. 7 is a diagram used to explain the storage area within the image memory of
tﬁe device of Fig. 6;
Fig.8isa diagrani used to explain bilinear interpolation;
Fig. 9 is a diagram used to explain cdnvolution filtering;
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;
Fig. 15 is a diagram used to explain the destination image data;
Fig.16isa diagram used to explain the destina_tiqn 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;
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;
' Fig. 23 is a diagram used to explain pyramid filtering;

Fig. 24 is a flowchart used to explain pyramid filtering;



{

v

-8
2]

10

15

20

PCT/JP99/02622
1

Fig. 25 is a diagram used to explain the processing of steps S92 and S94 in Fig.

Fig. 26 is a diagram used to expiain interframe différencing;

Fig.27isa flowchart used to explain interframe differencing;

Fig. 28 is a diagram used to explain the interimage 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; |

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 blqck within a search range;

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

Fig. 37 is a diagram used to explain the process of obtaining the interimage
distance in step S172 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-5182 of
Fig. 38; | .

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

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

Fig.42isa flowchart used to explain bilinear reductibn in the y direction in step
S193 of Fig. 40; |

. Fig.431isa 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.45isa ﬂowchart used to explain motion blurring;

Fig. 46 is a diagram used to explain the compensation of motion pictures from a
CCD camera with an electronic shutter; |

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

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 correspondenée between the various means of the invention
recited in the claims, here follows description of the characteristics of the present
invention with the addition of the corresponding embodiment (one exampl'ej n
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
pixels; a second storage means (for ekample, 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 as destination image data in the second storage means in units of polygons
reﬁeat_edly 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 between source

.image data and destination image data.

The image proéessing device comprises storage means (for example, image
memory 43 in Fig. 6) including a ﬁrst.storage unit (for example,.textlue area 51 in Fig.
7) that stores source image data in units of pixels and a second storage unit (for example,
rendering area 52in 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
image data in the second storage unit in units of polygons to be performed répeatediy
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
(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, $38, and
S39 in Fig. 12) that 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 the second storage means in units of
polygons; and a second 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
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
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.

Rendering engine 41 of image processing chip 33 executes operations for
rendering stipulated image data in imagé memory 43 via memory interface 42 according
to rendering commands supplied from main CPU 31. Bus 45 is connected 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
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,
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
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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rendering area 52 can be specified in the .san.le area, as shown. in Fig. 7. .

When main CPU 31 renders a stipulated texture of textﬁre 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
follows.

Flat;Texture_Triangle(DXO,DyO,Dx1,Dy1 ,Dx2,Dy2,5x0,Sy0,5x1,Sy1,Sx2,Sy2,L)

Here, Dx0, Dy0, Dx1, Dyl, Dx2, and Dy2 represent the coordinates of the
vertices of the triangle to be rendered at the destination (rendering area 52) and Sx0,
Sy0, Sx1, Syl, Sx2, and Sy2 represent the coordinates of the vertices of the source
(texture area 51) triangle. Also, L represents the luminance value to be mﬁltiplied by .
the texture pixel values within the polygon (triangle) that is represented by the point
sequence (Sxn,Syn).

- Similarly the rectangle renderinglcommand is expressed as follows.
Flat_:Texture_Rectangle(Dx(),DyO,Dx1,Dy1,Dx2,Dy2,Dx3,Dy3,SxO,SyO,Sx1,Sy1,Sx2,S
¥2,8x3,Sy3, L) |

Here, Dx0, Dy0, Dx1, Dyl, Dx2, Dy2, Dx3, and Dy3 represent the coordinates '
of the vertices of the rectangle to be rendered af the destination (rendering area 52) and
Sx0, Sy0, Sx1, Syl, Sx2, Sy2, Sx3, and Sy3 represent the coordinates of the vertices of
the source (téxture area 51) rectangle.

When a triangle rendering command, for example, is input from main CPU 31
via bus 34, rendering engine 41 multiplies the iralue L by the pixel values of the points
(Sxn,Syn) within the polygon defined b& the coordinates (Sx0,Sy0), (Sx1,Sy1), and
(5x2,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
(Dx0,Dy0), (Dx1,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\
= + (11)

In the above equation, a, b, ¢, and d are coefficients for rotation, and OFX and
OFY are coefficients for translation.

Actually, rendeﬁng is performed in pixel units in rendering area 52, and the
pixel values of the coordinatés 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) fa , by [x-OFX
| = ' | (12)
(y+v) (c , d) (y-OFY)

In the above equation, h and 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 poéitioned between individual pixels, as shown in Fig. 8, the pixel

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

equation shown below, is used.
SPX,Y) = 1-h)*(1-v)*TP(x,y)
+h*(1-v)*TP(x+1,y)
+(1-h) * v ¥ TP (x, y+1)
+h*v*TP(x+l, y+1) 13)
That is, a weighted value corresponding to the distances from the surrounding
points TP(x,y), TP(x+1,y), TP(X_,y+1), and TP(x+1,y+1) is used for the pixel value of
the point (x+h,y+v), which is sepai'ated 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 blendiﬁg mode setting
function Set Mode (MODE).

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: SP (X,Y)

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

MODE2 :DP(X,Y)-SP(X,Y)

MODES3 : (1-a5p (X, Y)#DP(X,Y)

+0gp (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 ié rendered directly at the destination. |
In mode 1, the source pixel value is added to the destination pixel value and the sum is
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 source a value.
| The image data that was rendered in rendering area 52 of image memory 43 is
loaded into PCRTC 44 via mémory interface 46 and output from there to CRT 36 for
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 CRT 36.

In this case, the image data to be processed, which was input from video camera
35, is written from PCRTC 44 to texture area 51 of image memory 43 via inemory

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 bya
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 Cqy is first
extracted from among the 3x3 array of convolution filter coefficients, and rendering is
performed by first multiplying this convolution filter coefficient Cqq 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, Cq1) 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
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.oonvolution filtering.
Set Mode(D); |
Fiat Reciangle(LLHMAX-1, LHMAX-, VMAX-LLVMAX],  Of
Set Mode(1);
forfo=0; n< ;) - _

h(m:(); m<3;m++H)H{

Flat Texture Rectangle(1,1,HMAX-1, ,HMAX-1, VMAX-1, 1, VMAX-1,
mnHMAX-2+mnHMAX-2+m VMAX-24nm VMAX-2+,
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Gylm]in])

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
C,[m][n] to stipulated values. In this case, a 3X3 array of convolution filter coefficients
is provided, as shown in Fig. 11.

Next, in step 532, main CPU 31 outputs a command to rendering engine 41 for
setting mode O 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
the destination constituted by the HMAX x VMAX array of pixels and outputs this
command to rendering engine.41. Rendexé'ing engine 41 renders the value 0 at each pixel
excluding the row j=0 and the column i=q within the HMAX x VMAX destination, as
shown in Fig. 13, according to this command . '

Next, in step S34, rendering engin§ 41 sets mode 1 as the blending mode
according to an instruction from main CPU 31. That is, the mode in which rendering is
performéd by adding the source pixel value to the destination pixel value is fixed.

Next, in stéps S35 and S36, the variable n, which represents the y-cdordinate of
the convolution filter coefficient, and the v_ariable m, which represents the x-coordinate
of the convolution filter coefficient, are each initialized to 0.

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

of the convolution filter coefficients Q[m] [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+h, m, VMAX-2+n) among the source pixel values constituted
by the HMAX x VMAX array of pixel data Cgp, as shown in Fig. 10, and the results are
rendered within the range of the destination rectangle (1, 1, HMAX-1, 1, HMAX-1,
VMAX-1,1, VMAX-1). In this case, the values obtamed by multiplying coefficient Cog
(=Cy[0][0]) by the source pixel data Csp from the range i=0 to 4, j=0 to 4 as shown in
Fig. 10 are rendered in the range i=1 to HMAX-1 (HMAX-1=5 for the example in Fig. |
14), j=1 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.
For example,

Cdp11=Csp00%Co0
and

Cdp21=Csp10%Co0
are obtéined. Also,

Cdp12=Csp01*Co0
and

Cdp22=csp'11’-‘c00
are obtained.

Next, processing advances to step S38 where a judgment is rﬁ_ade to determine
whether or not the variable m is less than 2. Since m=0 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=1.

Next, processing returns to step S37, where rendering is performed by adding
the values obtained by multiplying convolution filter coefficient Cy[1][0] (=Ci) by the
pixel data Csp from the range defined by i=1 to 5, j=0 to 4 in Fig. 10 to the previously

_rendered values in the destination rectangle defined by i=1 to 5 and j=1 to 5. That is,
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for example, .

Cdp11=Csp00xC00+Csp10%C10

_and

Cdp21=Csp10%Co0+Csp20%C10
are obtained as shown in Fig. 15. Also,

Cdp12=Csp01%C00+Csp11xC10
and '

Cdp22=Csp11xCo0+Csp21xC10
are obtained.

Next, processing advances to step S38 where a judgment is made to determine
whether or not the variable m is less thaﬁ 2. Since m=1 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 ﬁMﬁplﬁng convolution filter coefficient Cy[2][0] (=C30) by the
pixel data from the range defined by i=2 to 5, j=1 to 5 of the source rectangle to the
previously rendered pixel values in the destination rectangle.

As a result pf this processing, values such as Cdp11- Cdp21, Cdp12 and Cdp22,
for example, are obtained as shown in Fig. 16. |

Cdp11=Csp00%Co0+ Csp10%C10+ Csp20%C20

Cdp21=Csp10%Co0+Csp20%C10+Csp30%C20

Cdp12=Csp01%Co0+Csp1 1><C10+Csp21><Czo

Cdp22=Csp11xCo0+Csp21%C10+Csp31xC20

Since the pixel value of Csp6;j is required as source pixel data at this time and
this image data does not actually exist, the pixel data Cap for i=5 (—HMAX 1) becomes
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

~ isNO. 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=0 at this time, the
judgment result is YES. Therefore, processing advances to step S41 where n is
incremented by 1. After n becomes n=1, processing returns to step S36.

In step S36, variable m is initialized to 0 again, and in step S37, processing is
executed in which renderiﬁg is performed by further adding the values obtained by
multiplying convolution filter coefficient Cy[0][1] (=Cp1) by the source pixel data Csp
from the range defined by i=0 to 4, j=1 to 4 to the previously rendered destination
values. |

As a result of this processing, values such as Cdp11, C dp12, Cdp21, and Cdp22
for example, are obtained as shown in Fig. 17.

Cdp11=Csp00*C00+Csp10%C10+Csp20%C20+Csp01%Co1

Cdp21=Csp10%C00+Csp20%xC10+Csp30%C204+Csp11xCo1

Cdp12=Csp01xC00+Csp11xC10+Csp21%C20+Csp02xCo1

Cdp22=Csp11xCoo+Csp21xC10+C§p31x020+Csp1szO1

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

the destination area and values such as Cap11, Cap21- Cdplé; and Cqp22, for example,
are obtained.
Cdp11=Csp00%Cop0+Csp10%C10+ Csp20%C20+Csp01xCo1
+Csp11xC11+Csp21%C21+ Csp02%C02+Csp12xC12+Cop22%C22
Cdp21=Csp10%Co0+Csp20%C10+ Csp30%C20+Csp11%Co1
+Csp2'1 xC11+Csp31xC21+ Csp12xC02+Csp22xC12+Csp32%C22
| Cap12=Csp01%Co0+Cop11%C10+ Csp21%C20+Csp02xCot
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+Csp12xC11+Csp22xCa1+ Csp03><Coz+Csp13><012+Cs§23x022
Cdp22=Csp11xCo0+Csp21xC104+ Csp31%C20+Csp12xCo1
+ Csp22%C11+Csp32%C21+ Csp13%C02+Csp23*xC12+Csp33xC22

Since the pixel value of Cspyg is required as source pixel data at this time and
this image data does not actually exist, the pixel data Cap for i=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=1 to HMAX-2 and
j=1 to VMAX-2.

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(0); |
Hat Rectangle(1,1HMAX-1,1 HMAX-1,VMAX-1,1, VMAX-1, CMAX/2);
for (n=0; n<3; n++){

for (m=0; m<3;m-+)}{
if(Gy{ mfn}>0Y

Set Mode(T);

Flat Texture Rectangle(L,LHMAX-1, 1, HMAX-1, VMAX-1, 1, VMAX-1m

nHMAX-2+m, n, IMAX-2+m, VMAX-2+n, m, VMAX-2+1, Gyim]fn]; -

}
H{Cyfm][n}<0H

Set Mode(2);

Hat Texture Rectangle (1,LHMAX-1, LHMAX-1, VMAX-1, 1,VMAX-1)m

nHMAX-24m, 0, HMAX-2+m, VMAX 240, m, VMAX 24, -Gy
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Set Mode(2);
Flat Texture Rectangle(1,1, HMAX-1,1, HMAX-1, VMAX-1,1,VMAX-1, CMAX}2),

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

First, in step S51, the convolution filter coefficients Cy[m][n] are set to
stipulated values. Next, in step S52, rendering engine 41 sets mode 0 as the blending
mode according to an instruction from main CPU 31. Then, in step S53, rendering
engine 41 renders the value CMAX/2 m the destination area rectangle (1, 1, HMAX-1,
1, HMAX-1, VMAX-1, 1, VMAX-1) in rendering area 52 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=1 to
HMAX-1 and j=1 to VMAX-1 of the destination area, as shown in Flg 21,

Next, in steps S54 and S55, the variables n and m are each initialized to 0, and in

step S56, a judgment is made to determine whether or not the convolution filter

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

advances to step S57 where mode 1 is set as the blending mode. Next, processing
advances to step S58 and rendering is performed. Since this rendering is similar to the
processing in step 537 of Fig. 12, which _was‘ described above, its explanation iS omitted
here.

. After step S58, processing advances to step S59 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 S56. The subsequent processing is executed again.

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 S55, and the
subsequent processing is executed again. |
In step S61, if the variable n is not j_udged to be less thaﬁ 2 (that is, when n=2),
processing advances to step S63, where mode 2 is set as the blending miode. Then, in
stép S64, rendering engine 41 executes processing in which rendering is performed by
sﬁbtracting the CMAX/2 values tﬁat were rendered in step S53 from the pixel values of
the destination area rectangle (1, 1, HMAX-1, 1, HMAX-1, VMAX-I, 1, VMAX-1).
On the other hand, when the convolution filter coefficient C,[m][n] is not judged
to be positive in step S56, processing advances to step S65, 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 processing is executed as the processing in step S58

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

In step S65, if the coefficient Cy[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 S59, and similar processing to that
described above is executed. |

Although the above processing executed convolution filtering by rendering pixel

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

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

First, in step S71, the convolution filter coefficients Cy[m][n] are set. In step
S72, mode 1 is set as the blending mode. In steps $73 and S74, the variables j and i are
each initialized to 1, and in step S75, the values of the destination pixel data Caplilli]
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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S78, 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]ﬁ+n-1] and

adding the result to the destination pixel data Cgpl[i]j]-

Next, in step S79, a judgment is made to determine whether or not the variable
m is lesé than 2. Since m=0 at this time, the judgment result is YES, and the variable m
is incremented by 1 in step S80. After m is set to m=1, processing returns to step S78.

In step S78, 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 adjacent source pixel data Cgp[i+m-1][j+n-1] located one
pixel to the right in the X-direction and adding the result to the same destination pixel |
data Cgpi](j].

Similar processing is repeatedly executed until the variable m is not judged to be
less than 2 (that is, until m=2) m 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

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

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

is executed again.

The above processing is repeatedly gxecuted until the variable n is not judged to
be less than 2 (that is, until n=2) in step S81. The processing described above causes
the results of multipiying by each of the elements of the 3x3 array of convolution filter
coefficieﬁts to be repeatedly rendered and added to the same destination pixel data
Cdp[i][j]. That is, the convolution filtering of a single subject pixel is completed.

Next, processing advances to step S83, where a judgment is made to determine
whether or not the variable i is less than HMAX-Z. If the variable i is less than HMAX-
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-
direction, 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 |
whether or not the variable j is less than VMAX-2. If the Qariable j 1s 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 exécuted sequentially while
the destination pixel data is shifted one pixel at a time in the Y-direction. Then, when
the variable j is judged to be j=VMAX-2 in step S85, convolution filtering is terminated.
This processing enables a similar result to be obtained as the processing shoﬁ
in Fig. 12 br 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
to execute rendering in units of polygons as shown in Fig. 12 or in Fig. 19 and Fig. 20.
Here follows an explana(ion of pyramid filtering. Pyramid filtering repeatedly
performs processing in which the average value of four mutually adjacent pixel values
of a processing image is obtained and that pixel is placed at the center of the four pixels.
That is, when procéssing that computes the average pixel value of four neighboring
points according to bilinear interpolation is executed, an (n/2) x (n/2) amiy of image
data is obtained from ann x n (n is a power of 2) array of processing image data. |
When this processing is repeatedly execﬁted, the data fof 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.
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 x/
int offset;
L=2N" ; /% Length of one side initial image %
offset = 0;
while (L>1){ .
Set_Texture_Base (0,0ffset); /x Set base point of texture area &/
offset +=L;
Set_Drawing_Base(0,0ffset); /x Set base point of rendering area /
Flat_Texture_Rectangle(0,0, L/2,0, L/2,1/2, 0,L/2,0.5,0.5, L+0.5,
0.5, L+0.5,L+0.5, 0.5,L+0.5, 1.0); |
L=1/2;

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
in which (0, 6ffset) is set for the base point of texture area 51. That is, the base point
T(0,0) is set, as shown in Fig. 25. Next, processing advances to step S93, where the
variable offset is incremented by L. Then, in step $94, (0,0ffset) is set for the base point
of rendering area 52. At this time, the base point D(0,L) is set, as shown in Fig, 25.

Next, in step S95, processing is executed in which rendering is performed by
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/2,1/2,0,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.

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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L is 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
be greater than 1 (that is, when the variable L is judged to be L=1) in step $97, pyramid
filtering is terminated.

* Here follows an explanation of interframe differencing. In interframe
differencing, the difference of the hnége 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
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
8162, rendering engine 41 sets the image data of the tempo;ally later frame as the
destination image and sets the image data of the temporally earlier frame as the source
image data. Then, in step S103, rendering engine 41 executes processing in which
rendering is performed by subtracting the pixel values 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
values. As a result, when the processing is executed in step S103, the values of,thaf
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
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

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
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 B is 20. Then the value of A-B is -7, and
the value when the result is clamped wﬂl be 0. Also, the value of B-A is 7. As a result, |
the value obtained by adding both of these will be 7

When the difference image data for which the absolute value has been taken is
obtained in this way, pyrainid filtering of this data is executed next. When pyramid
filtering is executed as described aboire, 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
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 renderihg engine 41 to
execute processing like that shown in the flowchart of Fig. 29. First, in step S111,
rendering engine 41 sets the first image (image A in Fig. 28) as the destination image
and sets the second image (image B) as the source image. In step S112, rendering

engine 41 sets the blending mode to mode 2. Next, in step S113, rendering engine 41
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performs rendéring 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-B is obtained in the first
distance image area.

Next, in step S114, 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 S116, processing is
executed in which rendering is perfoﬁned by subtracting the pixel values of the source
image (image A) from the pixel values of the destination image (image B) and
executing clamping. As a result of this processing, the clamped difference image data
of B-A is obtained in the second distance imagé area.

Next, in step S117, rendering engine 41 sets the image of the first distance
i'magé 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
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 pixél valués 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.

Next, in step S120, 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 pattefn .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
enginé 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 to p
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- xq pixels by executing pyramid filtering. Similarly, in step $132, rendering engine 41

reduces 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
interimage distance computation is performed as sho§vn 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 tl_lé interimage distance has not been obtained, processing advapces to step S135,
where processing is executed for shifting the block position by one pixel. Then,
processing returns fo step S133, and similar pmcessing 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 ﬁeighborhood of
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 processing 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 S138,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 S139,
where processing is executed for shifting the block position by oné 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
ranges, processing advances to step S140 wherein the block oorresponding to the one

with the closest distance among the multiple interimage distances that were obtained by
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repeatedly executing the processing of step S137 is extracted.

The processing described above is performed when the template image size is
relatively large cdmpared with the subject image size. | However, if the template is
sufficiently small compared with the subject image, pattern matching can be perfc_irmed
as shown in the flowchart of Fig, 31.

In this case, in step S151, the subject image is selected as the first image. Then,
in step S152, rendering engine 41 generates the second image by arranging multiple
instances of the relatively small template, as shown in Fig. 32. In step S153, processing
is .executed for computing the interimage distance of the subject image that was selected
in step S151 and the template image that was generated in step S152. 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.

In step S154 the minimum value of the interimage distance of each template is
selected. In step S155 the coordinates of the first image corresponding to the selected
template are detected. In step S156 the region in the vicinity of the detected coordinates
of the first image is set to be the search range. In step S157 one template is set to be the
second pixel. In step S158 the interimage distance of an -sxt pixel block is obtained.

In step S159, 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 S160, where the
position of the second image is shifted by one pixel. Then, processing returns to step
$158, and the subsequent processing is executed again. | |

| I it is judged in step S159 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 inultip‘le 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,
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

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. Therﬁprocessing
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 jﬁdged in step S164 that all
search ranges have been searched, processing advances to step S166, where main CPU
31 obtains tﬁe closest interimage distance from among the multiple interimage distances
thaf 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 ahd the closest block that was
selected in step S166. |

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 S168 that motion vectors have been obtained for all blocks
of the previous frame, processing is terminated. .

Although motion vectors can be obtained as described above, they can also be
obtained as shown ih Fig. 36, for example. In this example, in step S171, 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 S172, the interimage distances of each block
of the previous frame and current frame are obtained simultaneously, as shown in Fig.
38. | |

In step S173, 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,
processing advances to step S174, 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 S172, and proéessing for simultaneously obtaining the

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

The prdcessing described above is repeatedly executed until it is judged iﬁ step
S173 that the current frame has been shifted in the entire sea{rch range. Each time the
processing of step S172 is executed, the number of interimaée distances that' are
obtained is equa:ﬂ to the total number of blocks. Therefore, in step S173, when the
judgment is made that the current frame has been shifted in the entire search range, the
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 S175, the closest interimage distance among the pixel-count number of
interimage distances within the search range is selected for a siﬁgle 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

- §176, the motion vector of the clo_sest block, which was obtained in step S175, and the

previoﬁs 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
them to be obtained quicker than by the method shown in Fig, 33.

In the example shown in Fig. 38, in step S181, the previous frame image and the
current frame image, which were output from video camera 35, are stored in image
memory 43. Next, processing advances to step S$182, where main CPU 31 creates low |
resolution image data by executing pyramid filtering on the previous frame and the |
current frame, respectively, as shown in Fig. 39. This pyramid ﬁltering is executed as -
explained for the flowchart in Fig. 24.

Next,. in step S183, main CPU 31 executes processing for obtaiﬁing low
precision motion vectors by using the low resolution image data that was obtained in
step S182. ThlS processing for obtaining the motion vectors is executed as explained
for Fig. 33 or Fig. 36. When the low precision motion vectors have 5een obtained in
step S183, processing advances to step S184. In step S184, 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
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 defined

as follows.

- Ah(po, 8)=35A(x,y)6 (0-xcos9-ysin6)dxdy (14

The above equation can be transformed as follows.
Ah(p, 8)=S A(ocos@-tsin@, psind-tcos@)dt (15)

Fig.l 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 6 to the inpuf
image. This angle 6 defines the coefficients a to d in equation (11) described above.

Next, processing advances to step 8193, where bilinear reduction in the'y-
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-
dir.eecﬁbn, 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 8 in rendering area 52.

Next, in step S195, a judgment is made to determine whether or not 0 is eqﬁal to
®. If it is not equal to , processing advances to step S196, where 0 is incremented by n
/n. Then, processing returns to step S192, and the subsequent processing is executed
again. When the judgmeﬂt is made in step $195 that B.is equal to &, processing is
terminated.

For example, if the angular resolution is m/n, this processing enables a Hough
transformation to be perfdrmed 6n a 64x64 pixel image by using at most 6n polygons.

Also, if the angular resolution is #/n, a Hough transformation can be performed on 256x
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256 pixel image data by using at most 8n 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
example, to rendering engine 41.

int L; /¢ Length of one side of source area %/
int offset;
LO=2"N; /sLength of one side initial images /
L=L0;
offset=0;
while(L>1){

Set_Textdre_Base(O,offset); /%Set base point of texture areay/

offset +=L;

Set_Drawing_Base (0, offset); /«Set base point of rendering areay/

Flat Texture_Rectangle(0,0, L0,0, LO,L/2, 0,L/2, |

0,0.5, 1L0,0.5, LO,L+0.5, 0,L+0.5, 1.0);

L=L/2;

Fig. 42 shows this processing represented as a flowchart. First, in step S201, the
variable L is initialized to Lo and the variable offset is initialized to 0. Next, in step
S202, processiﬁg is executed in which (0,0ffset) is set for the base point of texture area
51. That is, the base point T(0,0) is set, as shown in.Fig. 43. Next, processing advances
to step S203, where tﬁe variable offset is incremented by L. Then, in step S204, |
(0,0ffset) is set for the base point of rendering area 52. At this time, the base point
D(0,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, Ly, 0.5, Ly,
L+0.5, 0, L+0.5) and adding the result to the destination rectangle (0, 0, Lg, 0, Lg, L/2,
0, L72).

Next, processing advances to step S206, whére the variable L becomes 1/2 of its
current value. In step S207, 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
$202, and subsequent processing is executed again.

Then, similar processing is repeatedly executed. When the variable L is not
judged to be greatér' than 1 (that is, when the variable L is judged to be L=1) in step
S$207, bilinear reduction in the y-direction is terminated. -

Here follows an explanation of motion blurring. If motion has occurred between
the previous frame F1 and the current frame F7, as shown in Fig. 44, a motion vector
exists between them. When the image is captured by using a CCD with an electronic
shutter, the image is captured without blur even for a rapidly moving object. When the
movement is fast (that is, when the motion vector value is large), if frame F; is directly
displayed after frame F1, 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

n=5 has been assumed, an image in which frames F1 1 to F15 have been superimposed
is output after the previous frame '1_5‘1 instead of the current frame F». This enables the
user to perceive the imagé as a smoothly moving image. ﬂﬂs processing is called
motion blurring.

Here follows an explanation of motion blurring that is performed by rendering
engine 41 as shown in the flowchart of Fig. 45. First, in step S221, 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 |
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 bleﬁding 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 $225, the previous frame image is set as the source
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 tb determine
whether or not all of the n convolution coefficients have been multiplied. If there still

exists a convolution coefficient that has not been multiplied, procéssing 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 -
cocfficients are to be changed, is incremented by 1.

In step S230, a judgment is 'made to determine whether or not the variable N,
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, prooessing 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.
Then, processing returns to step $226, 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, framesl
F21 and Fp7 (frames that are generated by the first and second renderings), which are
close to the previous frame Fy, are genemted based on the previous frame F1, and
frames Fp3 and Fy4 (frames generated by the third and fourth renderings) are generatéd
based on the current frame F; since they are close to the current frame F. 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.

Since the motion vectors exist in ufxits of macro blocks, as shown in Fig. 46,
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, '

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 merhory
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;
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
explained in Fig. 12.

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 jddgmént is made to determine whether or not the user instructed
that the processing result of steps S252 to S255 be displayed. If no instruction was |

issued, procéssing returns to step 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 image memory 43 via
memory interface 46 and outputs that image to CRT 36 for display. As a result, the
iinage 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 $253, is displayed to the
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 imé‘ge of the Hough
transformation (output image of Ah(p,O) in Fig. 41), which is performed in step S254, is
displayed above the input image, and the result of the line segment extraction (line
segments that were extracted by the Hough transformation), which is performed in step
5255, 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 proéessing devices.

In this Specification, "system" refers to the entire apparatus consisting of

multiple individual devices.
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Note that the distribution mediﬁm used to distribute to users the computer
program that performs the pfocessing 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. |

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 piocessing with a low-cost device having a simple |
construction.

Also with the image processing device, the image processing method and the
distribution medium of the present invention, there are generated rendering commands
that cause the action of applying a stipulated pixel-unit operation and rendering the data
in units of polygons to be performed 'repeatedly until a stipulated arithmetic result is
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

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;

a second storage means for storing destination image data in units of pixels; and

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 $aid first storage means is image data output from a video camera.

3. The image processing device recited in Claim 1, and further comprising
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
added to said destination image data, or a second mode wherein said source image 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

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 said stipulated operation is
one of convolution filtering, pyramid filtering, interframe differencing, interimage

distance computation, Hough transformation, motion blurring or bilinear interpolation.

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
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 units of polygons is performed

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;

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

- 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; |

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 repeatediy until a stipulated arithmetic
result is obtained; and

an execution means that executes rendering commands generated by said .

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.

13. The image processing device recited in Claim 12, 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

is subtracted from said destination image data.

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 stipulated operation
is selected from the group consisting of convolution filtering, pyramid filtering,
interframe differencing, interimage distance compufation, Hough transformation,

motion blurring and bilinear interpolation. -

16. The image processing device recited in Claim 10, wherein said image processing

device is a computer entertainment device.

17. Animage 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 dﬁta is stored in a second storage unit in units of
pixels; and

a generation step of generating rendering commands that cause the action of
applying a stipulated pixel-unit operation to thel 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

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:

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
storage unit in said 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.’

19. An image processing device comprising:

a first storage means tﬁat 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 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 |

a second rendering means that performs another portion of the operations among
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

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

49

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 soutce image data

is subtracted from said destination image data.

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
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 performed on the source image data stored in said
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

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 pixels, the distribution medium
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 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 said
first storage means, this data is added to or subtrqéted 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.



