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Description
Technical Field:

[0001] The present invention relates to an image
processor and an image processing method for compu-
ter graphics.

Background Art:

[0002] In the field of computer graphics, to realize a
higher capability of image processing, there has been
known a method of processing by which a screen is di-
vided into tiny rectangular regions (hereinafter referred
to as "fragments") and processing is done fragment by
fragment.

[0003] This conventional method will nhow be de-
scribed with reference to Figs.14 to 17, wherein, at first,
(1): each polygon is divided by frames of fragments and
memorized with the fragments containing the polygons
known.

[0004] InFig.14, there are fifteen fragments arranged
in a matrix of 3x5, on which polygons A, B and C are
defined. Concerning the polygon A, it corresponds to
eight fragments, as shown in Fig.15. These fragments
are stored in a buffer memory shown in Fig.16 according
to their coordinates o, B, v, etc. o1 and 0.2 in Fig.15 are
stored in the memory area o of the buffer memory, 1
and B2 in Fig.15 are stored in the memory area B of the
buffer memory, and y 1 and y 2 in Fig.15 are stored in
the memory area vy of the buffer memory. The same is
applied to the remaining coordinates.

[0005] (2): Next, of all the fragments, fragments cov-
ered by a polygon currently concerned are computed
and painted. For example, as shown in Fig.17, a frag-
ment 81 is first painted toward the polygon A (see Fig.
17(b)), painted toward the polygon B (see Fig.17(c)),
and finally painted toward the polygon C (see Fig.17(d)).
Such operation is repeated until the final polygon is
processed or the fragment is totally covered. And the
forgoing processing is performed for all the fragments.
[0006] The conventional data processing of image el-
ements has been performed on the foregoing proce-
dures (1) and (2).

[0007] However, such method requires all the poly-
gons to be divided into objective fragments, resulting in
that a huge amount of calculation is necessary and a
long processing time is also required.

[0008] Additionally, there arise various drawbacks.
For example, a storage of a greater capacity needs to
be arranged to memorize information to be produced
about polygons which have been divided. In order to
gain faster processing, the storage should be faster in
operation, raising the cost for the storage.

[0009] Incaseswhere semitransparent polygons pos-
sess texture data, these can be processed by the con-
ventional method.

[0010] The present invention is intended to resolve
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the foregoing problems, and aims to enable processing
of data of image elements to be performed efficiently
and rapidly in computer graphic systems and to obtain
higher-quality images at a lower cost than in conven-
tional systems. One method to realize such an aim is
based on dividing a screen into tiny regions (fragments)
for processing, and efficiently retrieving polygons in-
cluded in regions concerned. Briefly, a system and a
method according to the invention can provide images
of higher quality at a lower cost than in the conventional
systems.

Summary of the Invention:

[0011] Inone aspect, the invention provides an image
processor in which a screen is divided into regions of a
predetermined size and processing on polygon data is
performed region by region, comprising first rearranging
means for providing constituting elements of a plurality
of polygons, falling into individual regions on the screen
in a direction vertical to a scanning line, with vertical
links mutually linking constituting elements of a polygon,
and for rearranging links to constituting elements falling
into the same region, thus linking these elements; sec-
ond rearranging means for providing constituting ele-
ments of a plurality of polygons, falling into individual
regions on the screen in the direction of the scanning
line, with horizontal links mutually linking constituting el-
ements of a polygon, and for rearranging links to con-
stituting elements falling into the same region, thus link-
ing these elements; and an image processing means for
retrieving and processing constituting elements of di-
verse polygons falling in a given region, the sequence
of constituting elements being given by rearranged
links.

[0012] In the described embodiment, the first rear-
ranging means is operable to perform the rearrange-
ment based on minimum or maximum values of the con-
stituting elements with reference to the vertical direction;
and the second rearranging means is operable to per-
form the rearrangement based on minimum or maxi-
mum values of the constituting elements with reference
to the horizontal direction, in vertical coordinates of a
region to be processed by the first rearranging means.
[0013] It is thus clear that the rearrangement can be
performed either by minima or maxima, only the direc-
tions in the order of processing being changed ("left to
right sides" to "right to left sides" or "upper to lower
sides" to "lower to upper sides"), as necessary. Also,
similar processing can be used whether the processing
order is vertical to horizontal sides or horizontal to ver-
tical sides.

[0014] In the embodiment, the first and second rear-
ranging means determine whether or not, after comple-
tion of the processing of a polygon in the image process-
ing means for a said region, the constituting elements
for said polygon to be used by the image processing
means are included in a region to be image-processed
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atthe next processing, and perform link update process-
ing which removes from the link the constituting ele-
ments which are determined to not be included.

[0015] In the embodiment, the image processing
means, as to image processing for each divided region,
not only sections polygons to be processed into opaque
polygons, polygons with transparent pixels, and semi-
transparent polygons but also processes in the order of
the opaque polygons, polygons with transparent pixels,
and semitransparent polygons.

[0016] In another aspect, the invention provides an
image processing method by which a screen is divided
into regions of a predetermined size, and processing on
polygon data is performed region by region,the method
comprising the steps of a first rearranging step of pro-
viding constituting elements of a plurality of polygons,
falling into individual regions on the screen in a direction
vertical to a scanning line, with vertical links mutually
linking constituting elements of a polygon, and rearrang-
ing links to constituting elements falling into the same
region, thus linking these elements; a second rearrang-
ing step of providing constituting elements of a plurality
of polygons, falling into individual regions on the screen
in the direction of the scanning line, with horizontal links
mutually linking constituting elements of a polygon, and
rearranging links to constituting elements falling into the
same region, thus linking these elements; and an image
processing step of retrieving and processing constitut-
ing elements of diverse polygons falling in a given re-
gion, the sequence of constituting elements being given
by rearranged links.

[0017] According tothe described embodiment, in the
first rearranging step, the rearrangement is performed
based on minimum or maximum values of the constitut-
ing elements with reference to the vertical direction, and
in the second rearranging step, the rearrangement is
performed based on minimum or maximum values of the
constituting elements with reference to the horizontal di-
rection, in vertical coordinates of a region to be proc-
essed in the first rearranging step. According to the em-
bodiment, in the first and second rearranging steps, link
update processing is performed to invalidate an unnec-
essary region among the regions corresponding to the
constituting elements.

[0018] According to the embodiment, in the image
processing step, the image processing for each divided
region is performed with polygons to be processed sec-
tioned into opaque polygons, polygons with transparent
pixels, and semitransparent polygons, and performed in
the order of the opaque polygons, polygons with trans-
parent pixels, and semitransparent polygons.

Brief Description of the Drawings:

[0019]

Fig.1 is a block diagram functionally outlining an im-
age processor according to an embodiment of the
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present invention.

Fig.2 is a functional block diagram of a geometry
processor of the image processor according to the
embodiment of the present invention.

Fig.3 is a functional block diagram of a fill processor
of the image processor according to the embodi-
ment of the present invention.

Fig.4 is a functional block diagram of a texture proc-
essor of the image processor according to the em-
bodiment of the present invention.

Fig.5 is a functional block diagram of a shading
processor of the image processor according to the
embodiment of the present invention.

Fig.6 is a flowchart showing the whole processing
of the embodiment of the present invention.

Fig.7 is an illustration of processing as to a Y index
buffer and a Y sort buffer in the embodiment of the
present invention.

Fig.8 is an illustration of processing as to a Y index
buffer and a Y sort buffer in the embodiment of the
present invention.

Fig.9 is an illustration of processing as to a Y index
buffer and a Y sort buffer in the embodiment of the
present invention.

Fig.10is anillustration of processing as to a Y index
buffer and a Y sort buffer in the embodiment of the
present invention.

Fig.11 exemplifies a fragment that first become val-
id for each polygon in the embodiment of the
present invention.

Fig.12 is an illustration for link update processing in
the embodiment of the present invention.

Fig.13 is an illustration for link update processing in
the embodiment of the present invention.

Fig.14 is an illustration showing the relationship be-
tween fragments and polygons A, B and C, which
explains the conventional processing.

Fig.15 is an illustration showing fragments that cor-
respond to the polygon A, which explains the con-
ventional processing.

Fig.16 is an illustration showing contents of a buffer
memory, which is employed to explain the conven-
tional processing.

Fig.17 is an illustration for painting processing ac-
cording to the conventional processing.

[0020] An apparatus and method of an embodiment
according to the present invention will now be detailed.
[0021] Fig. 1 is an outlined functional block diagram
of an image processor according to the embodiment of
the present invention. In the figure, a reference 1 is a
CPU (central processing unit), which is used to operate
for objects in a virtual space, to obtain operating infor-
mation, and to perform a variety of controls. A reference
2 shows a geometry processor that performs high speed
geometric conversion (i.e. calculation in vector quanti-
ties), such as coordinate conversion of polygons, clip-
ping, perspective conversion in the three-dimensional
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computer graphics and/or intensity calculation. A refer-
ence 2a is a polygon/material/light buffer memory (pol-
ygon/material/light buffer RAM), which is used to mem-
orize valid polygon data, material data, and light data for
one frame by the geometry processor 2 under operation.
The polygons are polyhedrons constituting solids in the
virtual space. The contents of data stored into the buffer
memory 2a are as follows:

link information, coordinate information, and other
attribute information about polygons, which include
LINK X, LINKYY, X, Y, iz, Tx, Ty, Nx, Ny, Sign Nz,
Alpha, Light ID, and Material ID;

information of materials, which includes Depth en-
able, Depth function, Depth density, Texture enable,
Fog enable, translucency enable, texture type, tex-
ture function, offset x,y, size x,y, repeat x,y, mirror
X,y, color id, Shinines, Material specular, Material
emission, Polygon color, Texture mode, and blend
mode; and

information of light, which includes Light position,
Light Direction, Light Type, Attenuation Cutoff, Spo-
texp, Light Color, and Light Ambient.

[0022] Areference 3is afill processorthatisin charge
of hidden-surface elimination processing. The fill proc-
essor 3 paints polygons existing within a region in order
to acquire pixel by pixel each piece of information on a
polygon that is placed in the foreground position.
[0023] A reference 4 is a texture processor. The tex-
ture processor 4 maps textures on each pixel in aregion.
Texture mapping is processing that, for producing imag-
es, maps textures defined differently from the shape of
an object onto the surface of the object of which shape
is defined. A reference 4a is a texture memory (texture
RAM), in which texture maps used in the processing of
the texture processor 4 are preserved.

[0024] Areference 5 shows a shading processor. The
shading is a technique that expresses shades or the like
on objects composed of polygons in consideration of
normal vectors of polygons, locations and colors of a
light source, locations of a view point, directions of a line
of sight, and others. The shading processor 5 calculates
intensities of each pixel within a region. A reference 5a
is a frame buffer into which image data for one screen
are stored. Data are read in sequence from the frame
buffer 5a, and then converted from digital data to analog
signals, before supplied to such displays as a CRT, lig-
uid crystal display, plasma display device, which are not
shown in the figure.

[0025] A reference 6 represents a program work/pol-
ygon buffer memory (program work/polygon buffer
RAM) memorizing commands (such as database of pol-
ygons and display lists) to a graphic processor as well
as programs to the CPU 1. The buffer memory 6 also
serves as a work memory for the CPU 1.

[0026] The fill processor 3, texture processor 4 and
shading processor 5 are arranged for processing re-
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ferred to as rendering. In each region, the rendering
starts sequentially from its upper left position of the
screen. Practically, the geometry enables objects to be
located in the virtual space coordinates, and perspec-
tive-converts them onto a screen. By the rendering, pic-
tures are produced by processing data defined on the
screen coordinate. The rendering is repeated by the
number of regions.

[0027] Referring to functional block diagrams shown
in Figs.2 to 5, the image processor according to the em-
bodiment of the present invention will now be detailed.
[0028] Fig. 2 is a functional block diagram of the ge-
ometry processor 2. In the figure, a reference 21 is a
data dispatcher that not only reads commands from the
buffer memory 6 but also analyzes them, controls a vec-
tor engine 22 and a clipping engine 24 based on the an-
alyzed results, and provides a sort engine 27 with proc-
essed data.

[0029] Areference 22 shows a vector engine perform-
ing vector calculation. Vectors handled by the engine
are stored in a vector register 23.

[0030] A reference 23 is a vector register, which pre-
serves vector data which the vector engine 22 calcu-
lates.

[0031] Areference 24 is a clipping engine for clipping.
[0032] A reference 25 indicates a Y-sort index (Y-sort
INDEX) preserving Y-indices used in Y-sorting executed
by a sort engine 27.

[0033] A reference 26 expresses an X-sort index (X-
sort INDEX) preserving X-indices used in X-sorting ex-
ecuted by a sort engine 27.

[0034] Areference 27 shows a sortengine that carries
out X-sorting and Y-sorting, retrieving from the buffer 6
polygons falling into a fragment concerned. The re-
trieved polygons are not merely stored into the buffer
memory 2a but also sent to the fill processor 3 for ren-
dering. The sort engine 27 is also in charge of control of
both a polygon TAG 28 and a polygon cache 34.
[0035] Areference 28 is a polygon TAG for preserving
TAG of the polygon cache 34.

[0036] Fig.3 shows a functional block diagram of the
fill processor 3. In the figure, a reference 31 is a cache
controller controlling later-described material caches
42, 45, 51b, 52a and 53a and a light cache 51a.
[0037] A reference 32 is a material TAG, which pre-
serves TAGs of later-described material caches 42, 45,
51b, 52a and 53a and a light cache 51a.

[0038] A-reference 33 is a light TAG, which is a buffer
preserving TAG of a light cache 51a described later.
[0039] A reference 34 represents a polygon cache,
serving as a cache memory of polygon data.

[0040] A reference 35 shows an initial parameter cal-
culator used for obtaining an initial value of DDA.
[0041] A reference 36 shows a Z-comparator array,
which is responsible for the Z-comparison between pol-
ygons for hidden-surface elimination loading as well as
processing polygon IDs and an interior division ratio of
t0, t1 and t2. The Z-comparator array 36 is composed
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of 64 (8x8) Z-comparators. These comparators operate
in parallel, which enables 64 pixels to be processed con-
currently. One Z-comparator preserves data of a poly-
gon. For example, these data include polygon ID, iz, t0,
t1, t2, window, stencil, and shadow.

[0042] A reference 37 is a vertex parameter buffer,
which preserves parameters at the vertexes of poly-
gons. Correspondingly to the Z-comparator array 36,
the buffer has a capability of memorizing data of 64 pol-
ygons.

[0043] Areference 38is an interpolator that calculates
parameters of pixels by interpolation on the basis of the
results t0, t1, t2 and iz calculated by the Z-buffer array
36 and the contents of the vertex parameter buffer 37.
[0044] Fig.4 is a functional block diagram of the tex-
ture processor 4. In the figure, areference 41 is a density
calculator calculating a blend ratio necessary for fog and
depth queuing.

[0045] A reference 42 shows a material cache where
data regarding depth information are stored.

[0046] A reference 43 indicates a window register to
preserve pieces of information concerning windows.
Such information is expressed in the form of kz, cz, fog
function, fog density, and fog end z, for example.
[0047] A reference 44 is an address generator calcu-
lating addresses on a texture map using texture coordi-
nates Tx, Ty and LOD.

[0048] A reference 45 shows a material cache in
which data concerning materials are preserved.

[0049] A reference 46 is a TLMMI calculator (TLMMI:
Tri Linear MIP Map Interpolation) that performs "Tri Lin-
ear MIP Map interpolation" adopted as three-dimension-
al interpolation. The "MIP Map" is a technique eliminat-
ing anti aliasing, that is, jags of textures in mapping tex-
tures. This technique relies upon the following principle.
In principle, the color (intensity) of the surface of an ob-
ject projected onto one pixel should be a mean value
over the colors of corresponding mapping regions there-
to. If not so, jags become apparent, severely deteriorat-
ing the quality of textures. Processing to obtain each
mean value leads to enormous quantities of calculation
load, with the result that processing takes a longer time
or afast processoris required. The MIP Map is a solution
to this situation. According to MIP Map technique, to
simplify collection of colors (intensities) of mapping re-
gions in association with one pixel, a plurality of mapping
data of which width is a multiple of two are prepared in
advance. The sizes of all mapping regions in association
with one pixel become values that exist between any
two data produced by multiplying them by a multiple of
two. By comparing these two data to each other, the
colors of the corresponding mapping regions are ob-
tained. For instance, if there are a one-time screen A
and a 1/2-time screen B, each pixel of both the screens
A and B corresponding to each pixel of a 1/1.5-time
screen C is obtained. In this example, the color of each
pixel of the screen C equals a medium color between
the pixels of both the screens A and B.
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[0050] A reference 47 is a color converter converting
colors in 4-bit texel processing.

[0051] A reference 48 shows a color pallet in which
color information is preserved in 4-bit texel processing.
The color pallet 48 is used to store colors for graphic
drawing. On the basis of the contents of the color pallet
48, a color available to each pixel is determined.
[0052] Fig.5is afunctional block diagram of the shad-
ing processor 5. In this figure, a reference 51 is an in-
tensity processor that calculates intensities of polygons
on which texture mapping has been completed.

[0053] A reference 51a is a light cache to memorize
information on light.

[0054] A reference 51b shows a material cache to
memorize information about materials. This information
includes Shinies, Material specular, and material emis-
sion.

[0055] A reference 51c is a window register to pre-
serve information about windows. Such information is
formed from Screen center, Focus, Scene ambient, and
others.

[0056] Areference 52 indicates a modulate processor
that performs associating polygon colors with texture
colors, intensity modulation, and fog processing.
[0057] A reference 52a is a material cache in which
information on materials is stored. Such information in-
cludes Polygon color and Texture mode.

[0058] A reference 52b is a window register to pre-
serve information on windows. This information includes
Fog colors.

[0059] A reference 53 represents a blend processor
that performs blending with data stored in a color buffer
54 and writes the result into the color buffer 54. The
blend processor 53 blends a current pixel color and a
pixel color of a frame buffer on the basis of a blend rate
register, and then writes the blended result into a frame
buffer of a bank represented by a write bank register.
[0060] A reference 53a is a material cache in which
information regarding materials is stored. This informa-
tion includes "blend mode."

[0061] A reference 54 shows a color buffer having the
same size "8x8" as the fragments, which is made up of
a double-bank structure.

[0062] A reference 55 is a plot processor that writes
data in the color buffer 54 into the frame buffer 5a.
[0063] A reference 56 is a bitmap processor perform-
ing bitmap processing.

[0064] A reference 57 represents a display controller,
which reads data in the frame buffer 5a, and provides
them to a DAC (Digital to Analogue Converter) in order
to show them on a not-shown display.

[0065] By the way, in the embodiment of the present
invention, instead of dividing polygons fragment by frag-
ment, polygons are rearranged in both the vertical di-
rection (hereinafter referred to as the Y-direction) and
the horizontal direction (hereinafter referred to as the X-
direction) to a scanning line, resulting in that polygons
included in each fragment can be retrieved. Using this
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retrieved information makes it possible to process pol-
ygons every fragment concerned currently, enabling the
processing without the foregoing division of the poly-
gons. Accordingly, processing time is shortened and it
is possible to realize the processing using an apparatus
of which the memory device is smaller in capacity.
[0066] In rendering, the polygons are divided into
types of opaque polygons, semitransparent polygons,
and polygons with transparent pixels, and the semi-
transparent polygons are processed at the final step,
which makes it possible to process the semitransparent
polygons.

[0067] The entire flow of processing of the embodi-
ment according to the present invention will be de-
scribed in Fig.6.

[0068] Polygon data to be transmitted to the rendering
section are rearranged by a minimum Y-coordinate val-
ue of the polygons, and written into the buffer (ST1).
[0069] Polygon data agreeing with the Y-coordinate
value of a fragment concerned currently are rearranged
by a minimum X-coordinate value of a concerned Y-re-
gion of polygons (ST2).

[0070] Rendering is performed toward all the opaque
polygons whose coordinate agree with X- and Y-coordi-
nates of a currently concerned fragment (ST3).

[0071] Rendering is performed toward all the trans-
parent polygons whose coordinates agree with X- and
Y-coordinates of a currently concerned fragment (ST4).
[0072] According to the data in the buffer, textures are
painted, then shading is done, being converted into
color data (ST5).

[0073] The steps ST4 and ST5 may be executed in
the opposite order. Actually, it may be more practical to
execute them in the order of steps ST5 to ST4.

[0074] Semitransparent polygons agreeing with X-
and Y-coordinates of a fragment currently concerned
are rendered in the order of Z-coordinate values (ST6).
[0075] Color data in the buffer are written into the
frame buffer (ST7).

[0076] As shown in Fig.6, polygon data are first rear-
ranged by Y, then the rearranged data are rearranged
by minimum values of X in a region Y before proceeding
to processing of each line. As a result, the position of a
fragment of a polygon, which is to be processed at first,
is found. Accordingly, it is first found which fragment in-
cludes the polygon. In addition, after this processing
concerning the first fragment included, each polygon un-
dergoes link update processing (later described), by
which polygons unnecessary for the fragments to be
processed subsequently are removed, so that only nec-
essary polygons are included in pieces of information
on polygons included in the next fragment. Accordingly
tracing back all the links that have been made so far
allows all the polygons falling into each fragment to be
retrieved. Without dividing the polygons every fragment
in order to produce newly processed polygons, informa-
tion about polygons included in each fragment can be
read and processed.
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[0077] The link update processing is a technique that
examines whether or not, after completing the process-
ing of a polygon processing for a fragment concerned,
the polygon becomes invalid in the fragments that will
be subsequently concerned, and the examined polygon
is removed from the link if it becomes invalid.

[0078] The processing unit for rendering will be ex-
plained below.

(1): The polygons are first divided into types of
opaque polygons, polygons with transparent pixels,
and semitransparent polygons.

(2): The opaque polygons are then subject to
processing. Overwriting, independently of texture
data, realizes this processing, producing valid pix-
els finally remaining. Only the Z-comparison is then
performed at a faster speed.

(3): When having completed the above processes
(1) and (2), all the data in the fragment buffer be-
come valid. At this stage, texture data are read
based on the data in the fragment buffer, then their
color data are converted.

(4): Polygons with transparent pixels are then ren-
dered. To achieve this, it is necessary to determine
to depict the pixels depending on whether its texel
is transparent or not. In rendering, painting is there-
fore carried out as information on the transparent
texel is read. The other procedures are identical to
those for the opaque polygons. The processing or-
der of steps (3) to (4) is preferable to its opposite
processing order, because it is difficult to read infor-
mation on the transparent texel in rendering.

(5): The semitransparent polygons are then proc-
essed, in which the data of all the pixels that have
passed the Z-value comparison are valid. Hence,
texture data are read for each pixel and painted with
conversion to color data (blending). Since this
blending involves the order of depicting polygons
as an important matter, the Z-sorting is carried out
by any appropriate means in advance.

[0079] Referring to Figs.7 to 13, a fragment CG sys-
tem according to the embodiment of the present inven-
tion will now be detailed.

[0080] First the operation of rearrangement in the Y-
direction will be described. Fig.7 indicates the structures
of a Y index buffer and a Y sort buffer. In the Y index
buffer, are stored the top addresses of links of polygon
lists having fragment lines into each of which a minimum
value Ymin of Y coordinates is written. In the Y sort buff-
er, polygon data are stored in the order along which the
data are inputted. As LINK'Y parameters in the Y sort
buffer, the addresses of the next polygons belonging to
the same line are stored.

[0081] Accordingly, when it is desired to know poly-
gons that belong to a specified line, it is enough to trace
back the links from a corresponding Y INDEX address
to a polygon of which LINK Y is END.
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[0082] An example shown in Fig.7 will be described.
When observing the Y index buffer at the uppermost
fragment line whose address is zero, its content is
"EMPTY," showing that there is no polygon. The same
is applied to the second line. But the contents of the Y
index buffer at its address 2 showing the third line are
"ADR8". Hence, making access to ADRS8 of the Y sort
buffer leads to a LINK'Y content of "ADRS5." Hence, the
next access is made to ADRS. After this, the similar ac-
cess is made to ADR3 and ADR1 in sequence. Because
the LINK'Y content at ADR1 is "END," the link termi-
nates. An identical processing is executed for all the
fragment lines.

[0083] The operation for storing polygon data will be
described.
[0084] The assumption is made that in the state

shown in Fig.7, polygon data satisfying that Ymin is Y
INDEX=5 are inputted. Because the fifth content of the
Y index buffer is "EMPTY," the LINK Y of the polygon
data becomes "END." This polygon data is stored at
ADR10 of the Y sort buffer; also, "ADR10," which is an
address of the polygon data that have just been stored,
is written at the fifth line of the Y index buffer. This new
updated condition is shown in Fig.8.

[0085] Next, the operation will be described with a sit-
uation that in the state shown in Fig.8, polygon data sat-
isfying that Ymin is Y INDEX=2 are inputted. Since an
address of polygon data has already been stored at the
second line of the Y index buffer ("ADR8" in Fig.8), such
polygon data is to be placed after a polygon to be newly
written. Therefore, the LINK'Y of the polygon data is set
to "ADRS," the value of the original Y INDEX; also,
"ADR11," which is the address of the polygon data that
have just been stored, is written at the second line of the
Y index buffer. This new updated condition is shown in
Fig.9.

[0086] Fig.10 is an illustration for explaining rear-
rangement in the X-direction. The rearrangement in the
X-direction is processed similarly to that in the Y-direc-
tion, in which an Xmin in its line is obtained, then the
rearrangement is performed using the obtained value.
[0087] As described above, by performing the rear-
rangements in both the X- and Y-directions, a fragment
at which a polygon becomes valid for the first time (that
is, the polygon that makes a fragment concerned valid
for the first time) is found. For example, as shown in Fig.
11, a fragment of the least X-coordinate value is select-
ed among the least Y-coordinate values in each poly-
gon.

[0088] In addition, when referring to the rearranged
results, all the lines from zero to a concerned line (row)
are regarded as valid. Thus, if a certain polygon is con-
cerned, a region validating the polygon is shown as in
Fig.12, resulting in that the valid region for the polygon
includes unnecessary fragments. In this case, the link
is therefore updated as below.

[0089] First, after the completion of the polygon
processing, polygons that become invalid in the frag-
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ments subsequently processed are removed from the
links. In an example shown in Fig.13(a), fragments F1
to F7 are removed from the X LINK after the rendering.
The fragment F7 is also removed from the Y LINK after
the rendering. A polygon's valid region obtained by per-
forming the link update is exemplified in Fig.13(b).
[0090] The following are steps explaining the X-direc-
tional link with reference to Fig.13.

(1): Among the intersections made between the pol-
ygon's edges and the horizontal boundaries of the
fragments extending along the X-direction, an inter-
section having a larger X-coordinate value (P2) is
examined.

(2): Comparison is made between the X-coordinate
value at the point examined in the above step (1)
and X-coordinate values of boundaries (boundaries
1 to 3) having larger X-coordinate values selected
among the boundaries vertical to an X-coordinate
of a fragment residing in a line currently concerned.
(3): In cases the comparison result is "small (bound-
aries 1 and 2)," the polygon undergoes the link
processing, validating it toward the next fragment
as well.

(4): Where the comparison result is "larger," the pol-
ygon is removed from the link after rendering, inval-
idating it from the processing for the next fragment
(boundary 3).

[0091] The Y-directional link processing is also per-
formed with respect to the Y-direction by the identical
procedures.

[0092] As described above, in the embodiment of the
present invention, instead of dividing the polygons frag-
ment by fragment, the polygons are rearranged in both
the vertical direction and the horizontal direction to a
scanning line, thus polygons included in each fragment
being able to be retrieved. Since this retrieved informa-
tionis used and the polygons are divided every fragment
now concerned, it is possible to read and process poly-
gons included in each fragment, without producing pol-
ygons newly. Thus, unlike the conventional technique,
a huge amount of calculation necessary for dividing all
the polygons every fragment to be processed can be
eliminated and it is not necessary to install a storage
with greater amounts of capacity that has been needed
to store information about the polygons produced by the
division. As a result, the processing time is reduced and
it is possible to realize systems in which only a smaller
capacity of storage is required. In other words, cost-sav-
ing and high-performance systems can be achieved.
[0093] Such systems are also attributed to the fact
that the processing of the polygons for the semitrans-
parent nature is separated for opaque polygons, poly-
gons with transparent pixels, and semitransparent pol-
ygons and the semitransparent polygons are processed
at the last stage.
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Industrial Applicability:

[0094] Thus, in the image processor where a screen
is divided into regions at a predetermined size and
processing is performed region by region, owing to the
fact that image constituting elements are not merely re-
arranged in a vertical direction to a scanning line but
also rearranged in a horizontal direction to the scanning
line, then the image processing is performed based on
the rearranged image constituting elements, polygons
included in each region can be retrieved. Thus, dividing
the polygons every region currently concerned, using
this retrieved information, makes it possible to read and
process polygons included in each region, without pro-
ducing polygons newly. As a result, a period of process-
ing time is reduced and a memory capacity necessary
for the storage can be lowered.

[0095] Additionally, as to the image processing for
each divided region, objects to be processed are sec-
tioned into types of opaque polygons, polygons with
transparent pixels, and semitransparent polygons, then
processed in the order of the opaque polygons, the pol-
ygons with transparent pixels, and the semitransparent
polygons, so that the semitransparent polygons can be
processed even when texture data are given the poly-
gons.

Claims

1. Animage processor in which a screenis divided into
regions of a predetermined size, and processing on
polygon data is performed region by region, com-
prising first rearranging means for providing consti-
tuting elements of a plurality of polygons, falling into
individual regions on the screen in a direction ver-
tical to a scanning line, with vertical links mutually
linking constituting elements of a polygon, and for
rearranging links to constituting elements falling in-
to the same region, thus linking these elements;

second rearranging means for providing con-
stituting elements of a plurality of polygons, falling
into individual regions on the screen in the direction
of the scanning line, with horizontal links mutually
linking constituting elements of a polygon, and for
rearranging links to constituting elements falling in-
to the same region, thus linking these elements; and

an image processing means for

retrieving and processing constituting ele-
ments of diverse polygons falling in a given region,
the sequence of constituting elements being given
by rearranged links.

2. Animage processor according to claim 1, wherein

the first rearranging means is operable to per-

form the rearrangement based on minimum or max-

imum values of the constituting elements with ref-
erence to the vertical direction; and
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the second rearranging means is operable to
perform the rearrangement based on minimum or
maximum values of the constituting elements with
reference to the horizontal direction, in vertical co-
ordinates of a region to be processed by the first
rearranging means.

3. An image processor according to claim 1 or claim
2, wherein the first and second rearranging means
determine whether or not, after completion of the
processing of a polygon in the image processing
means for a said region, the constituting elements
for said polygon to be used by the image processing
means are included in a region to be image-proc-
essed at the next processing, and perform link up-
date processing which removes from the link the
constituting elements which are determined to not
be included.

4. An image processor according to any preceding

claim, wherein the image processing means, as to
image processing for each divided region, not only
sections polygons to be processed into opaque pol-
ygons, polygons with transparent pixels, and semi-
transparent polygons but also processes in the or-
der of the opaque polygons, polygons with trans-
parent pixels, and semitransparent polygons.

5. Animage processing method by which a screen is
divided into regions of a predetermined size, and
processing on polygon data is performed region by
region, the method comprising the steps of:

a first rearranging step of providing constituting
elements of a plurality of polygons, falling into
individual regions on the screen in a direction
vertical to a scanning line, with vertical links
mutually linking constituting elements of a pol-
ygon, and rearranging links to constituting ele-
ments falling into the same region, thus linking
these elements;

a second rearranging step of

for providing constituting elements of a plurality
of polygons, falling into individual regions on
the screen in the direction of the scanning line,
with horizontal links mutually linking constitut-
ing elements of a polygon, and rearranging
links to constituting elements falling into the
same region, thus linking these elements; and
an image processing step of

retrieving and processing constituting elements
of diverse polygons falling in a given region, the
sequence of constituting elements being given
by rearranged links.

6. A method according to claim 5, wherein,
in the first rearranging step, the rearrange-
ment is performed based on minimum or maximum
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values of the constituting elements with reference
to the vertical direction, and

in the second rearranging step, the rearrange-
ment is performed based on minimum or maximum
values of the constituting elements with reference
to the horizontal direction, in vertical coordinates of
a region to be processed in the first rearranging
step.

A method according to claim 5 or claim 6, wherein
in the first and second rearranging steps, link up-
date processing is performed to invalidate an un-
necessary region among the regions corresponding
to the constituting elements.

A method according to any one of claims 5 to 7,
wherein in the image processing step, the image
processing for each divided region is performed
with polygons to be processed sectioned into
opaque polygons, polygons with transparent pixels,
and semitransparent polygons, and performed in
the order of the opaque polygons, polygons with
transparent pixels, and semitransparent polygons.

An image processor according to any of claims 1 to
4, including:

a memory buffer arranged to memorize said
constituting elements and links; and

an index buffer arranged to memorize, for every
divided region, a location of memorization of at
least one of the constituting elements among
the constituting elements included in that re-
gion; and wherein

said image processing means reads from the
memory buffer by reference to the index buffer
constituting elements included in regions at
which the processing is to be performed and
performs desired image processing.

An image processor according to claim 9, wherein
the index buffer has a vertical-position index buffer
memorizing, for every divided region in the direction
vertical to the scanning line, a location of memori-
zation of at least one of the image constituting ele-
ments among the constituting elements included in
said divided regions at the positions in said vertical
direction and a horizontal-position index buffer
memorizing, for every divided region in the direction
horizontal to the scanning line, a location of mem-
orization of at least one of the image constituting
elements among the constituting elements included
in said divided regions at the positions in said hori-
zontal direction.
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Patentanspriiche

1.

Bildprozessor, bei dem ein Bildschirm in Bereiche
einer vorbestimmten GrofRe unterteilt ist, und die
Verarbeitung von Daten eines Vielecks Bereich flr
Bereich durchgefiihrt wird, umfassend erste Reor-
ganisationseinrichtungen, um Bestandteile einer
Vielzahl von Vielecken zur Verfigung zu stellen,
welche auf dem Bildschirm in einer vertikalen Rich-
tung im Verhaltnis zu einer Abtastzeile zu einzelnen
Bereichen gehdren, wobei vertikale Verknupfungen
Bestandteile eines Vielecks gegenseitig verknlp-
fen, und um Verknipfungen mit Bestandteilen, wel-
che zu demselben Bereich gehdren, zu reorganisie-
ren, wodurch diese Teile verkniipft werden;

zweite Reorganisationseinrichtungen, um Bestand-
teile einer Vielzahl von Vielecken zur Verfigung zu
stellen, welche auf dem Bildschirm in der Richtung
der Abtastzeile zu einzelnen Bereichen gehdren,
wobei horizontale Verknlpfungen Bestandteile ei-
nes Vielecks gegenseitig verkniipfen, und um Ver-
knipfungen mit Bestandteilen, welche zu demsel-
ben Bereich gehoéren, zu reorganisieren, wodurch
diese Teile verknlpft werden; und

eine Bildverarbeitungseinrichtung zum

Abrufen und Verarbeiten von Bestandteilen ver-
schiedener Vielecke, welche zu einem gegebenen
Bereich gehoren, wobei die Reihenfolge von Be-
standteilen durch die reorganisierten Verknipfun-
gen vorgegeben wird.

Bildprozessor nach Anspruch 1, wobei

die ersten Reorganisationseinrichtungen so funk-
tionieren, dass sie die Reorganisation auf der
Grundlage von Minimum- oder Maximumwerten der
Bestandteile im Verhaltnis zu der vertikalen Rich-
tung durchfiihren; und

die zweiten Reorganisationseinrichtungen so funk-
tionieren, dass sie die Reorganisation auf der
Grundlage von Minimum- oder Maximumwerten der
Bestandteile im Verhaltnis zu der horizontalen Rich-
tung, in vertikalen Koordinaten eines Bereiches
durchfiihren, der durch die ersten Reorganisations-
einrichtungen verarbeitet werden soll.

Bildprozessor nach Anspruch 1 oder Anspruch 2,
wobei die ersten und zweiten Reorganisationsein-
richtungen, nachdem die Verarbeitung eines Viel-
ecks in der Bildverarbeitungseinrichtung fiir den
Bereich abgeschlossen ist, bestimmen, ob die Be-
standteile flr das Vieleck, das durch die Bildverar-
beitungseinrichtung verwendet werden soll, in ei-
nem Bereich eingeschlossen sind oder nicht, wel-
cher beim nachsten Verarbeiten bildverarbeitet
werden soll, und eine Verarbeitung zur VerknUp-
fungsaktualisierung durchfiihren, bei welcher die
Bestandteile aus der Verkniipfung entfernt werden,
die bestimmt werden, nicht eingeschlossen zu wer-
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den.

Bildprozessor nach irgendeinem der vorhergehen-
den Anspriiche, wobei die Bildverarbeitungsein-
richtung, zum Bildverarbeiten fiir jeden unterteilten
Bereich, Vielecke, welche verarbeitet werden sol-
len, nicht nur in undurchsichtige Vielecke, Vielecke
mit durchsichtigen Pixeln, und halbdurchsichtige
Vielecke aufgeteilt, sondern auch in der Reihenfol-
ge undurchsichtige Vielecke, Vielecke mit durch-
sichtigen Pixeln und halbdurchsichtige Vielecke
verarbeitet.

Bildverarbeitungsverfahren, bei dem ein Bildschirm
in Bereiche einer vorbestimmten GréRe unterteilt
ist, und die Verarbeitung von Daten eines Vielecks
Bereich flr Bereich durchgefihrt wird, wobei das
Verfahren die folgenden Schritte umfasst:

einen ersten Reorganisationsschritt, um Be-
standteile einer Vielzahl von Vielecken zur Ver-
figung zu stellen, welche auf dem Bildschirm
in einer vertikalen Richtung im Verhaltnis zu ei-
ner Abtastzeile zu einzelnen Bereichen geho-
ren, wobei vertikale Verknupfungen Bestand-
teile eines Vielecks gegenseitig verknulpfen,
und um Verkniipfungen mit Bestandteilen reor-
ganisieren, welche zu demselben. Bereich ge-
hoéren, wodurch diese Teile verknlpft werden;

einen zweiten Reorganisationsschritt, um Be-
standteile einer Vielzahl von Vielecken zur Ver-
figung zu stellen, welche auf dem Bildschirm
in der Richtung der Abtastzeile zu einzelnen
Bereichen gehdren, wobei horizontale Ver-
knlipfungen Bestandteile eines Vielecks ge-
genseitig verkniipfen, und um Verknipfungen
mit Bestandteilen reorganisieren, welche zu
demselben Bereich gehéren, wodurch diese
Teile verknlpft werden; und

einen Bildverarbeitungsschritt zum

Abrufen und Verarbeiten von Bestandteilen von
verschiedenen Vielecken, welche zu einem ge-
gebenen Bereich gehoéren, wobei die Reihen-
folge von Bestandteilen durch die reorganisier-
ten Verknlipfungen vorgegeben wird.

Verfahren nach Anspruch 5, wobei

in dem ersten Reorganisationsschritt die Reorgani-
sation auf der Grundlage von Minimum- oder Maxi-
mumwerten der Bestandteile im Verhaltnis zur ver-
tikalen Richtung durchgefiihrt wird; und

in dem zweiten Reorganisationsschritt die Reorga-
nisation auf der Grundlage von Minimum- oder Ma-
ximumwerten der Bestandteile im Verhaltnis zur ho-
rizontalen Richtung, in vertikalen Koordinaten eines
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Bereiches durchgefiihrt wird, der in dem ersten Re-
organisationsschritt verarbeitet werden soll.

Verfahren nach Anspruch 5 oder Anspruch 6, wobei
in dem ersten und zweiten Reorganisationsschritt
die Verarbeitung zur Verknipfungsaktualisierung
durchgefiihrt wird, um einen nicht notwendigen Be-
reich unter den Bereichen zu annullieren, welche
den Bestandteilen entsprechen.

Verfahren nach irgendeinem der Anspriche 5 bis
7, wobei in dem Bildverarbeitungsschritt die Bild-
verarbeitung fur jeden unterteilten Bereich mit Viel-
ecken durchgefiihrt wird, die in undurchsichtige
Vielecke, Vielecke mit durchsichtigen Pixeln und
halbdurchsichtige Vielecke aufgeteilt verarbeitet
werden sollen, und in der Reihenfolge undurchsich-
tige Vielecke, Vielecke mit durchsichtigen Pixeln
und halbdurchsichtige Vielecke durchgefiihrt wird.

Bildprozessor nach irgendeinem der Anspriiche 1
bis 4, einschlieend:

einen Speicherpuffer, welcher angeordnet ist,
um die Bestandteile und Verknipfungen zu
speichern; und

einen Indexpuffer, welcher angeordnet ist, um,
fur jeden unterteilten Bereich, eine Speicher-
stelle von mindestens einem der Bestandteile
unter den Bestandteilen zu speichern, welche
in diesem Bereich eingeschlossen sind; und
wobei

die Bildverarbeitungseinrichtung unter Bezug-
nahme auf den Indexpuffer Bestandteile aus
dem Speicherpuffer liest, die in Bereichen ein-
geschlossen sind, an denen die Verarbeitung
durchgefuihrt werden soll, und die gewlinschte
Bildverarbeitung durchfiihrt.

10. Bildprozessor nach Anspruch 9, wobei der Index-

puffer einen Indexpuffer flr eine vertikale Position
aufweist, welcher, fiir jeden unterteilten Bereich in
vertikaler Richtung zu der Abtastzeile, eine Spei-
cherstelle von mindestens einem der Bildbestand-
teile unter den Bestandteilen speichert, die in den
unterteilten Bereichen an den Positionen in der ver-
tikalen Richtung eingeschlossen sind, und einen In-
dexpuffer flir eine horizontale Position, welcher, fiir
jeden unterteilten Bereich in horizontaler Richtung
zu der Abtastzeile, eine Speicherstelle von minde-
stens einem der Bildbestandteile unter den Be-
standteilen speichert, die in den unterteilten Berei-
chen an den Positionen in der horizontalen Rich-
tung eingeschlossen sind.
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Revendications

Processeur d'image dans lequel un écran est divisé
en régions d'une taille prédéterminée, et un traite-
ment de données de polygones est exécuté région
par région, comprenant des premiers moyens de
réorganisation pour fournir des éléments de cons-
titution d'une pluralité de polygones, venant se pla-
cer dans des régions individuelles a I'écran dans
une direction verticale a une ligne d'exploration,
avec des liaisons verticales reliant mutuellement
les éléments de constitution d'un polygone, et pour
réorganiser les liaisons aux éléments de constitu-
tion venant se placer dans la méme région, reliant
ainsi ces éléments ;

des seconds moyens de réorganisation pour
fournir des éléments de constitution d'une pluralité
de polygones, venant se placer dans des régions
individuelles a I'écran dans la direction de la ligne
d'exploration, avec des liaisons horizontales reliant
mutuellement des éléments de constitution d'un po-
lygone, et pour réorganiser les liaisons aux élé-
ments de constitution venant se placer dans la mé-
me région, reliant ainsi ces éléments ; et

des moyens de traitement d'image pour

récupérer et traiter des éléments de constitu-
tion de divers polygones venant se placer dans une
région donnée, la séquence d'éléments de consti-
tution étant fournie par les liaisons réorganisées.

Processeur d'image selon la revendication 1, dans
lequel

les premiers moyens de réorganisation peu-
vent fonctionner pour exécuter la réorganisation en
fonction de valeurs minimum ou maximum des élé-
ments de constitution par rapport a la direction
verticale ; et

les seconds moyens de réorganisation peu-
vent fonctionner pour exécuter la réorganisation en
fonction de valeurs minimum ou maximum des élé-
ments de constitution par rapport a la direction ho-
rizontale, dans des coordonnées verticales d'une
région a traiter par les premiers moyens de réorga-
nisation.

Processeur d'image selon la revendication 1 ou 2,
dans lequel les premiers et seconds moyens de
réorganisation déterminent, une fois le traitement
d'un polygone dans les moyens de traitement d'ima-
ge pour une dite région terminé, si les éléments de
constitution dudit polygone a utiliser par les moyens
de traitement d'image sont compris ou non dans
une région a laquelle appliquer un traitement d'ima-
ge lors du traitement suivant, et exécutent un trai-
tement de mise a jour de liaison qui supprime de la
liaison les éléments de constitution qui sont déter-
minés comme ne devant pas étre compris.
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4.

Processeur d'image selon I'une quelconque des re-
vendications précédentes, dans lequel les moyens
de traitement d'image, comme pour le traitement
d'image pour chaque région séparée, ne découpent
pas seulement des polygones a traiter en des poly-
gones opaques, des polygones avec des pixels
transparents, et des polygones semi-transparents
mais traitent également dans I'ordre des polygones
opaques, des polygones avec des pixels transpa-
rents, puis des polygones semi-transparents.

Procédé de traitement d'image grace auquel un
écran est divisé en régions d'une taille prédétermi-
née, et un traitement de données de polygone est
exécuté région par région, le procédé comprenant
les étapes suivantes :

une premiére étape de réorganisation pour
fournir des éléments de constitution d'une plu-
ralité de polygones, venant se placer dans des
régions individuelles a I'écran dans une direc-
tion verticale a une ligne d'exploration, avec
des liaisons verticales reliant mutuellement des
éléments de constitution d'un polygone, et des
liaisons de réorganisation aux éléments de
constitution venant se placer dans la méme ré-
gion, reliant ainsi ces éléments ;

une seconde étape de réorganisation pour
fournir des éléments de constitution d'une plu-
ralité de polygones, venant se placer dans des
régions individuelles a I'écran dans la direction
de la ligne d'exploration, avec des liaisons ho-
rizontales reliant mutuellement des éléments
de constitution d'un polygone, et des liaisons
de réorganisation aux éléments de constitution
venant se placer dans la méme région, reliant
ainsi ces éléments ; et

une étape de traitement d'image pour
récupérer et traiter des éléments de constitu-
tion de divers polygones venant se placer dans
une région donnée, la séquence d'éléments de
constitution étant fournie par les liaisons réor-
ganisées.

Procédé selon la revendication 5, dans lequel,

dans la premiére étape de réorganisation, la
réorganisation est exécutée en fonction de valeurs
minimum ou maximum des éléments de constitu-
tion par rapport a la direction verticale ; et

dans la seconde étape de réorganisation, la
réorganisation est exécutée en fonction de valeurs
minimum ou maximum des éléments de constitu-
tion par rapport a la direction horizontale, dans des
coordonnées verticales d'une région a traiter lors de
la premiére étape de réorganisation.

Procédé selon la revendication 5 ou 6, dans lequel
lors des premiére et seconde étapes de réorgani-



21 EP 0 984 392 B1

sation, un traitement de mise a jour de liaison est
exécuté pour invalider une région inutile parmi les
régions correspondant aux éléments de constitu-
tion.

8. Procédé selonl'une quelconque des revendications
5 a 7, dans lequel, lors de I'étape de traitement
d'image, le traitement d'image pour chaque région
séparée est exécuté avec des polygones a traiter
découpés en des polygones opaques, des polygo- 170
nes avec des pixels transparents, et des polygones
semi-transparents, et est exécuté dans l'ordre des
polygones opaques, des polygones avec des pixels
transparents, puis des polygones semi-transpa-
rents. 15

9. Processeur d'image selon l'une quelconque des re-
vendications 1 a 4, comprenant :

une mémoire tampon agencée pour mémoriser 20
lesdits éléments de constitution et les liaisons ;

et

un index tampon agencé pour mémoriser, pour
chaque région séparée, un emplacement de
mémorisation d'au moins un des éléments de 25
constitution parmi les éléments de constitution
compris dans cette région ; et dans lequel

lesdits moyens de traitement d'image consul-
tent dans la mémoire tampon. en référence a
l'index tampon, les éléments de constitution 30
compris dans les régions dans lesquelles le
traitement doit étre exécuté, et exécutent le
traitement d'image souhaité.

10. Processeur d'image selon la revendication 9, dans 35
lequel l'index tampon comprend un index tampon
de position verticale mémorisant, pour chaque ré-
gion séparée dans la direction verticale par rapport
a la ligne d'exploration, un emplacement de mémo-
risation d'au moins un des éléments de constitution 40
parmi les éléments de constitution compris dans
lesdites régions séparées aux positions dans ladite
direction verticale, et un index tampon de position
horizontale mémorisant, pour chaque région sépa-
rée dans la direction horizontale par rapport a la li- 45
gne d'exploration, un emplacement de mémorisa-
tion d'au moins un des éléments de constitution par-
mi les éléments de constitution compris dans lesdi-
tes régions séparées aux positions dans ladite di-
rection horizontale. 50
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FIG.6

START

| /ST

POLYGON DATA TRANSMITTED TO RENDERING
SECTION ARE REARRANGED BY MIN.
Y-COORDINATFE-VALUE OF POLYGON AND WRITTEN IN BUFFER

,ST2

POLYGON DATA AGREEING WITH Y-COORDINATE OF
FRAGMENT CONCERNED ARE REARRENGED BY MIN.
X-COORDINATE VALUE OF Y-REGION CONCERNED OF POLYGON

, ,ST3

ALL OPAQUE POLYGONS WHOSE COORDINATES AGREE WITH
XY COORDINATES OF FRAGMENT CONCERNED ARE RENDERED

, ST4

ALL POLYGONS TRANSPARENT PIXELS AGREEING WITH
XY COORDINATES OF FRAGMENT CONCERNED ARE RENDERED

'  STS

TEXTURES ARE STUCK IN ACCORDANCE WITH DATA IN BUFFER
AND SHADING AND CONVESION INTO DATA ARE PERFORMED

, ST6

SEMITRANSPARENT POLYGONS AGREEING WITH
XY COORDINATES OF FRAGMENT CONCERNED
ARE RENDERED IN THE ORDER OF Z-COORDINATES

‘ /517

COLOR DATA IN BUFFER ARE WRITTEN IN FRAME BUFFER

l

END
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FIG.11
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FIG.13
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FIG.16
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