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IMAGE PROCESSING DEVICE, IMAGE PROCESSING METHOD 

AND PUOGRAM IUS'l'IUHUTION MEDIUM AND DATA UISTIUUUTJON 

MEDIUM Fon PROCESSING IMAGES 

HACKGltOUND OF THE INVENTION 

Fil'lrl of' Chr fnn·nfinn 

This invention relates to an image processing-device, image processing method, 

a program distribution medium, and a data distribution medium more specifically, this 

invention relates to an image processing device and image processing method, a program 

distrihution medium, and a data distribution medium, hy which, for example, an image of 

detailed shape can be gcncrnted from rough shapes. 

Description ol' t.hc Prior A1·C 

The higher degree of integration and higher speeds achieved in processors and 

memories have made possible what was previously difficull, namely the generation of 

three-dimensional images in real lime, making it rossible to display Lhrcc-dimcnsional 

images (three-dimensional graphics) with a sense of presence for example on video game 

machines. If a three-dimensional image is to be displayed, in many cases the three-

dimensional image is broken up into multiple polygons (unit graphic lhrms), and the 

three-dimensional image as n whole is drawn bf drawing each of these polygons. Thus it 

can be said lhal a three-dimensional image that is drawn in this way is defined as a 

combination of polygons. 

Three-dimensional images are produced by composing three-dimensional shapes 
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with, for example, wire frnmes. I lowcvcr, lo compose a wire frame the producer must set 

dctailc<l parameters concerning three-dimensional shapes, which has been troublesome. 

That is, as a three-dimensional shape becomes more complex, the wire frame parameters 

must also he set in detail, which has hecn lroublcsomc. 

SUMMAltY OJ1' TllE INVENTION 

lt is an object of the present· invention to make it possible to generate an image of 

detailed shape from rough shapes. 

To attain the above itnd other objects the image processing device of the present 

invention comprises an interpolated line computation means for determining an 

interpolated line I hat is the line which interpolates between two vertices from the 

interpolation vector and vertex coordinates used for determining the line that interpolates 

a space between a given point and another point in the vertices of a unit graphic f.(um, and 

an interpolated point computation means for determining, as the vertices of sub-unit 

graphic forms, interpolated points which arc points on the interpolated line. 

An image processing method of the present invention comprises an interpolated 

line computation slep of detennining the interpolated line which interpolates between two 

vertices from the coordinates of the vertices and an interpolation vector used for 

determining the line which interpolates between one vertex and another in the vertices of 

a unit graphic form, and an interpolated point computation step of determining, as the 

vertices of suh-unit graphic forms, interpolated points that arc points on an interpo1atcd 

line. 
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A program distribution medium of Lhc present invention provides a computer 

program that has an inlcrpolatcd line computntion step that determines the interpolated 

line thal interpolates between two vertices from the coordinalcs of the vertices and an 

interpolation vcctnr used for determining the line that interpolates between one vertex and 

another in the vertices of a unil graphic form, and an interpolated point computation step 

thal 'lt~termincs. as !hr. vcrlices nf suh-unit graphic.· fnrms, inlcrpolatcd poi111~ lhal arc 

points on an interpolatc<l linc. 

According to an embodiment, an image processing device of the present invention 

comprises an operation means that is operated when a unit graphic form is input, and an 

interpolation vector generation means for generating an interpolation vector used for 

determining the interpolated line that is the line that interpolates hctwccn a given vertex 

and another vertex in the vertices of a unit graphic form that is input by the operation 

means being operated. 

An image processing method of the present invention comprises an interpolation 

vector generation step of generating an interpolation vector used for determining an 

interpolated lfnc that is the line that interpolates between a given vertex and another 

vertex in the vertices of a unit graphic form that is input by the operation means which the 

latter is being operated. 

A program distribution medium according to the present invention provides a 

computer program that has an interpolation vector generation step that generates an 

interpolation vector used llw determining the interpolated line that is the line that 

interpolates between a given vertex and another vertex in the vertices of a unit graphic 
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form that is inpul by the operation means which lhc latter is hcing operated. 

In a data distribution medium of this invention, if a uni! graphic form is inpul, 

interpolation vectors arc generated, used for determining an inlcrpolatcd line which is the 

line thal interpolates a space between a given vertex and another vertex in the vertices or 

lhc unil graphic form, and the data distribution medium provides as data concerning the 

imrtgr, :ti lf'nst the <:oorclinatcs of the vcrl ices I hus ohl ~tined and 11w intcrpolal ion vectors 

al the vertices. 

In an embodiment, an image processing device comprises a provision device 

which includes an operation means that is operated when a unit graphic form is input, and 

an interpolation vector gcnerntion means that generates interpolation vectors used for 

determining an interpolatcc.l linc that is the line that interpolates between a given vertex 

and another vertex in the vertices of the unit graphic forms input hy the operated 

operation means, and a client device which has an interpolated line computation means 

for determining the interpolated lines from the coordinates of the vertices of the unii 

graphic forms and from the interpolation vectors, and an interpolated point computation 

means that determines, as the vertices of sub·unit graphic forms, interpolated points that 

are points on the interpolated Jines. 

In the image processing device of the present invention, the interpolated line 

computation means determines the interpolated line that is the line that interpolates 

between two vertices from the interpolation vector used for determining the line that 

interpolates the space between a given vertex and another vertex in the vertices of a unit 

graphic form and from the coordinates o[ the VCl'liccs, and the intcrpolalcd poinl 
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computation means determines, as the vertices of sub-unit graphic forms, interpolated 

points that arc points on an interpolated line. 

In the image processing method of the present invention, the interpolated line that 

is the line that interpolates between two vertices is determined from the coordinates of the 

vel'lices and the interpolation vector used ll>r determining the line that interpolates 

hctwc<"n ~ given vertex and another vertex in the vcrliccs of a unit graphic form, and 

interpolated points that are points o'n an interpolated-line arc determined as the vertices of 

sub-unit graphic forms. 

In the program distribution medium of the present invention, a computer program 

is provided, which determines the interpolated Jine that is the line that interpolates 

between two vertices from the coordinates of the vertices and the interpolation vector 

used frlr determining the line lhal interpolates between a given vertex and another vertex 

in the vertices of a unit graphic form, and determines, as the vt!rlices of sub-unit graphic 

forms, interpolated points that arc points on an intt!rpolatcd line. 

In an embodiment of the image processing device, the operation means is operated 

when a unit graphic form is input, and the interpolation vector generation means generates 

the interpolation vector lhat is used to determine the interpolated line that is the line that 

interpolates between a given vertex and another vertex in the vertices of the unit graphic 

form input by the operated operation means. 

According to yet another embodiment, in the image processing method uf this 

invention the interpolation vector is generated that is used lo determine the interpolated 

Jinc that is lhc line that inlerpolalcs between a given vertex and another vertex in the 
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vertices of the unit graphic form input by the operation means when the laHer is hcing 

opera I ed. 

In the progrnm distrihution medium of the present invention, a computer program 

may he provided which generates an interpolation vector used for determining the 

interpolated line that is the line that interpolates between a given vertex and another 

v1~rtt>x in the vertices of a unit graphic form that is inpul hy thl' operation mea11s being 

operated. .. .. 

Jn the data distribution medium of the present invention, if a unit graphic form is 

input, by general ing the interpolation vector used for determining an interpolated line thal 

is the line which interpolates between a given vertex and another vertex in the vertices of 

the unit graphic form, there arc provided as data concerning the image, at least the 

coordinates of the vertices thus obtained and the interpolation vcclors at the vertices. 

In yet another embodiment of the image processing device, the operation means is 

operated when a unit graphic form is input, nnd the interpolation vector generation means 

generates interpolation vectors used for determining the interpolated line that is the line 

that interpolates between a given vertex and another vertex in the vertices of the unit 

graphic form input by the operated operation means. The interpolated line computation 

means determines the interpolated lines from the coordinates of the vertices of the unit 

graphic forms and from the interpolation vectors, and the interpolated point computation 

means determines, as the vertices of suh-unit graphic forms, interpolated points that are 

points on the interpolated lines. 
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URll~F EXPLANATION OF THE OUA WINGS 

Figure 1 is a diagram that shows an example of the configuration of an 

ernhodimcnl of a dala provision system lo which the present invcnlion applies; 

Figure 2 is a block diagram or an embodiment of the data provision device of the 

system of Figure 1 ; 

Figure 1 is a block diagram or an cmhmlimcnt of the user terminal or the syslcm 

of Figure 1.; 

Pie,•u·.:. 4 j,., <l .:liag1 tuu .:'1huwiu0 polygon.:t und norm.al vector.it, fi:lr ~xplnining the 

computation method for intcqx1lated lines according lo the invention; 

Figure 5 is a diagram that shows an interpolated line if angles 0 1 and 8 2 

between a line segment lilrms with the tangent vectors arc Ct}Wtl; 

Pigurc 6 is a diagram for explaining how control edge lengths L1 and LQ arc 

determined in the method of the present invent ion; 

Figure 7 is a diagram for explaining how control edge lengths L1 and Li arc 

determined; 

Figures 8(A)-8(C) show diagrams for explaining how an interpolated line is 

determined if angles (J 1 and e 2 are difforent from each other; 

Figure 9 is a flowchart for explaining control point computation processing; 

Figures lO(A) and 10(8) show diagrams of simulation rcsu]ts in which an 

interpolated line is determined; 

Figures 1 l{A) and 1.1.(B) show diagrams of simulation results in which a11 

interpolated line is dclcrminccl; 
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Figures l2(A) and I 2(B) arc diagrams showing simulation results in which an 

intcrpolat.ed line is determined; 

Figure 13(A) and L3(B) arc diagrams which show simulation results in which an 

interpolated line is determined; 

Figure 14 is a diagram for explaining how an interpolated line is determined for a 

JH.1lygu11 lhal t..:11111prises a lhrct.:-dinu.:nsiona.l .shape; 

l'igure 15 is a diagram for explaining fine splitting processing; 

Figure 16 is a diagram for expJaining how a normal vector at a vertex of a 

suhpolygon is determined; 

Figure 17(A) and 17(B) arc diagrams for explaining lhc diilicullies in fine 

splilling processing ir only normal vectors at vertices arc used as inlcrpolalion vectors; 

Figure .1.8 is a diagram for explaining the difficulties in line splitting processing if 

only normal veclors at vertices are used as interpolation vectors; 

Figure 19(A)-19(D) arc diagrams for explaining fine splitting processing if both 

curved surface interpolation normal vectors and frame line interpolation normal vectors 

arc adopted as interpolation vectors; 

Figure 20 is a flowchart for explaining splitting polygon data generation 

processing; 

Figure 21 is a diagram for explaining the processing of step S14 in Figure 20; 

Figure 22(A) and 22(B) are diagrams that show how Bezier curves as frame lines 

that constitute a three-dimensional shape are drawn in .sequence; 

Figure 23 is a diagram for explaining frame line interpolation normal vcclors 
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(normal vectors nr frame lines); 

Pigure 24 is a diagram for explaining the processing of step S16 in Figure 20; 

Figure 25(A) and 25(B) arc diagrams that show interpolated lines nhlaincd using 

frame line interpolation normal vectors and inlcrpolated Jines ohlaincd using curved 

surface interpolation normal vcclors; 

data; 

Figun; 2h(A)-26(D) diagra111malk:ally .show U~c formal of the spliltiug puJygon 

f-1igure 27 is a llowcharl lbr explaining fine splitting processing; 

Figure 28 i.s a diagram for expJaining fine splitting processing; 

Figure 29 is a diagram for explaining the processing of steps S2'1 and S22 in 

Figure 27; 

Figure 30 is a diagram for explaining the processing of slep.s S23 and S24 in 

Figure 27; 

Figure 31 is a diagram for cxp1aining the processing of step S25 in Figure 27; 

Figure 32 is a diagram for explaining the processing of step S26 in Figure 27; 

11igure 33 .is a diagram for explaining the processing of step S25 in Figure 27; 

Figure 34 is a flowchart for explaining splitting processing of frame lines; 

Figure 35 is a flowchart for explaining splitting processing in the interior of a 

polygon; 

Figure 36 is a diagram that shows polygons that constitute a cube to be subjected 

lo fine splitting processing; 

Figure 37 is a photograph of a halflonc image appearing on a display lhal shows 
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the drawing results if fine splitting processing is not done on the polygons of Figure 36; 

Figure 38 is a photograph of a halftone image appearing on a display that shows 

the drawing re.suits if fine splitting processing is done Oil the polygons or Figure· 36; 

Figure 39 is a diagram that shows an example or generation of a sc1uashcd sphere 

(side views) at the slate in which the interpolation normal vectors assigned lo a cube lo be 

suhjcc1 cd to fine sp1ill ing processing arc modified; 

Figure 40 is a photograph of a halftone imag·c appearing on a display that shows 

the drawing results if fine splitting processing is done on the poJygons of Figure 36; 

Figure 41 is a photograph of a halllone image appearing on a display that shows 

the drawing results if fine splitting processing is done on the polygons of Figure 36; 

Figure 42 is a photograph of a haUlone image appearing on a display that shows 

the draw.ing results if fine splitting processing is done on the polygons of Figure 36; 

Figure 43 is a flowchart for explaining the processing of user terminal in Figure 3; 

Figure 44 is a hJock diagram that shows an example of the electric configuration if 

the user terminal is configured as a video game machine; and 

Figure 45 is a block diagram that shows an example of the configuration of the 

graphic memory in Figure 44. 

DE'l'AILED DESCRIPTION Oll' THE l1REFERRED EMBODIMENTS 

The symbols designating various parts of the present inventions are as follows: 

1 is a data provision device, 2 is a transmission medium, 3 is a recording medium, 

4 is a user terminal, 11 is an inpul unit, 12 is a data processing unit, 1.2A is a memory, 13 



11 

is a splitting datahasc, 14 is a splilling processing unit, 15 is a rendering unit, 16 is display 

unit, l 7 is a texture dalahasc, 18 is a transmission/recording device, 21 is a 

reccpl ion/playback device, 22 is a splitting database, 23 cJcnolcs a geometry processing 

unit, 24 designates a splitting processing unit, 25 is a rendering unit, 26 is a display unit, 

27 is a texture database, 28 is a main unit, ·101 is a main hus, 102 is a sub hus, 111 is a 

main CPU, 112 is a main memory, 113 is a main DM~C, 114 is MDP.C, L 15 is GPU, 116 

is a bus controller, 117 is GTE, 1.18 is a graphic memory, 119 is a cache memory, 121 is a 

sub CPU, 122 is a sub memory, 123 is sub DMAC, 124 is ROM, 125 is SPlJ, 126 is ATM 

communication unit, 127 is an auxiliary memory device, 128 is an input device interface, 

129 is a sound memory, ·14·1 is a frame buffer, 142 is an Z buffer, 143 is a texture memory. 

Referring now to the drawings in detail 

Figure 1 shows an example of a data provision system to which this invention 

applies ( 11syslem11 means an aggregate in which multiple devices arc collected together 

logically, regardless of whether the constituent devices are in the same housing). 

In this data provision system, three-dimensional image data generated on the side 

of a data provision device 1 is provided lo a user terminal 4. 

That is, data for three-dimensional images, such as data about polygons that 

constitute a three-dimensional shape, is generated by the producer on data provision 

device l, and it is provided to user terminal 4 by being transmitted via a transmission. 

medium (transmission route) 2, for example, via Internet, satellite circuit, ground wave, 

cable television (CATV) network, public switched telephone network (PSTN), or 

intcgraled service digital network (JSDN). Or, alternatively, data fo.- three-dimensional 
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images generated hy data provision device l is provided to user terminal 4 hy being 

recorded on recording medium 3, for cx.ainple, on opticaJ disk, oplomagnclic disk, 

magnetic disk, magnetic tape, or phase-change disk. 

Al user terminal 4, the data provided from data provision device 1 as described 

above is processed, and a three-dimensional image is displayed. 

Figure 2 shows an example of tlu: conligurntion of data provision device I of 

Figure 1. 

Input unit 11, which is a keyboard, mouse, tablet, or similar device, is operated 

when data for producing the polygons that constitute a three-dimensional shape is lo he 

input, when the texture lo he mapped onto the polygons is to be speciffod, and when 

necessary commands, etc. arc lo be input. Here, data for producing the polygons that 

constitute the thrcc-dimcnsionaJ shape that is input by input unit U heing operated is 

supplied lo data processing unit 12, the spccitlcation of the texture to he mapped onto lhe 

polygons is supplied to rendering unit 1.5, and commands arc supplied to the necessary 

block. 

Data processing unit 12 generates the coordinates of the vertices on the polygons 

in three-dimcnsiona) space, as well as the below-described interpolation vector at each 

vertex, by processing, using memory 12A if necessary, the data for producing the 

polygons that is supJ>lied from iupul unlt 1.1, and supplies them to splitting database 1.3. 

Herc the coordinates of the vertices of the polygons and the interpolation vectors are used 

for splitting processing of the polygons, which is described hclow, .so in the fhllowing, for 

convenience, these arc holh referred to as splilling polygnn data. 
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Memory 12A temporarily stores the data needed for processing hy data processing 

unit 12. Splitting database 13 temporarily .stmcs the splilling polygon data from data 

processing un.il 12. 

Splitting processing unit 14 reads the splitting polygon data that is stored in 

splilling datahase 13, performs splitting processing (fine spliUing processing), which is 

di.<icusscd below, splils ruugh polygons into mulliplc Hue polygons (hcrcallcr referred lo, 

for convenience, as suhpolygons), and supplies lhcn{to rendedng unil 15. 

Rendering unit 15 performs rendering processing on the suhpolygons from 

splitting processing unit 14. That is, rendering unit 15 pcrfi>rms on the subpoJygons 

brightness calculations, etc. for shading, and converts the coordinate system of the 

polygons in three-dimensional space into the coordinate .system (screen coordinate 

system) of display unit 16 as a two-dimensional output device that displays three­

dimcnsional images. Also, using the texture data stored in texture datahasc 17, rendering 

unit 15 carries out calculation of the texture address lbr texture mapping, determines the 

final RGB values (the brightness values of the R (red) compon~nt, G (green) component, 

and B (blue) component) of each pixel that comprises display unit 16, and outputs them to 

display unil 16. The textures for texture mapping are specified by, for example, input unit 

11 being operated. 

DispJay unil 16, which is for example a cathode ray tube (CRT) or liquid crystal 

display, displays the pixels that correspond to the ROB values from rendering unit 15. 

Texture datubasc l 7 stol'Cs data on textures lo be used li..u texture mapping. 

Transmission/recording device 1.8 reads the spliUing polygon data slorcd in spliUing 
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c..latahasc 13, reads the texture data stored in texture c..lalahase 17, and transmits it via 

transmission medium 2 or records ii in recording medium 3. 

Ncxl, Pigurc 3 shows an example of the configuration of user terminal 4 of Figure 

1. 

The user terminal includes a reception/playback device 21 which receives data 

lhal is transmillcd via transmission medium 2 or plays_ hack lhc data that is recorded in 

recording medium 3, and among this it supplies the splitting polygon data lo a splitting 

database 22 and the texture data to a texture database 27. 

Splilling database 22 temporarily records the splitting polygon data from 

reception/playback device 21. A geometry processing unit 23 reads the splitting polygon 

data stored in splilling database 22, does geometry processing on the input from input unit 

28, that is, performs coordinate conversion, clipping, etc., and supplies it to a splilling 

processing unit 24. 

Splitting processing unit 24, or rendering unit 25, to which its output is supplied, 

carries out lhe same processing as in the case of splitting processing unit 14 or rendering 

unit 15, respectively, which forms part of data provision device 1. in Figure 2. A display 

unit 26 is constituted in the same way as display unit 16, which fmms part of data 

provision device 1 in Figure 2, and it displays a three-dimensional image that corresponds 

to the ROB va1ucs from rendering unit 25. 

Texture database 27 stores the texture data from reception/playback device 21. 

This texture data is used for lhc texture mapping done by rendering unil 25. 

Input unit 28 is frir cx:amplc a kcyhoan.l, mouse, joystick, buttons, etc. and is 
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operated hy the user when a prescribed input (fbr example, in particular, information 

ahout the viewpoint) is lo be input. 

Next, the processing in <lala provision device 1 of Figure 2 will he described and 

in user terminal 4 of Figure 3. However, first the polygon splitting processing done in 

splitting processing unil 14 will he described, which forms part of dala provision device l 

of Figure 2, and in splilling processing unit 24, which _Jimps part of user lcrmiuaJ (client 

terminal) 4 of Figure 3. 

If a three-dimensional shape in a three-dimensional image is represented by 

polygons, the three-dimensional shape can be reproduced with greater fidelity by using 

finer polygons. However, ff fine polygons arc used, the number of polygons that 

represent the three-dimensional shape increases, so one must set a11 thc data frH these 

many polygons, which is trouhlcsomc; in addition, the £1uanlity of data becomes greater. 

On the other hand, if a three-dimensional shape is represented hy a small number 

of polygons, a small quantity of data to be set suffices, but lhc reproduced three­

dimcnsional shape then becomes coarse, which degrades the quality of the thrcc­

dimensional image. 

In the polygon splitting that is generally done, a number of fine polygons that 

make up a three-dimensional shape are assembled to form a large polygon, and the large 

polygon and the original fine polygons are selected as necessary, so the data that must be 

set when constituling a three-dimensional shape is no different from the case in which the 

three-dimensional shape is constituted by fine polygons. 

In the polygon splitting that is done in splitting processing units 14 and 24 (called 
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hereinafter fine splitting processing to distinguish it from conventional polygon splitting), 

from lhc beginning a rough polygon is splil into dclailcd (fine) polygons so as 10 give a 

:-imoolh llm~c-tlimcnsional .shape, and even ir dctaili.;u ual<1 ahuul lhc lhrc~-llhmmsional 

shape to be realized is not given in this way, a delicate lhrcc-dimcnsional shape can he 

oblaincd by simply giving, so to speak, rough data. 

Thal is, splilling processing units 14 and 24 an.: given, as splitting polygon data, at 
.. 

least the interpolation vectors, and the coordinates onhc vertices, for determining the line 

thnt interpolates between a given vcrlcx and another vertex in the vertices ofthc polygon, 

and in fine .splitting processing, interpolated lines that arc lhe lines that intcrpnlatc 

between two vertices arc determined from the interpolation vectors and the coordinalcs of 

the vertices, and interpolated points that arc points on a given interpolated line arc 

determined as the vertices of .subpolygons into which the original polygon is split. 

Herc, as data for a three-dimensional image composed of polygons, generaUy the 

coordinates of the vertices of a polygon are given for specifying the shape of the polygon. 

For slmding, the normal vector at each vertex of the polygons of a curved surface that 

make..~ up part of a three-dimensional shape to be realized by polygons is also given as 

data for the three-dimensional image. 

In fine splitting processing, the normal vectors at the vertices of the polygons are 

used as interpolation vectors, and the interpolated Jines that interpolate between two 

vertices arc determined. 

That is, in order now to simplify the explanation, given, as shown in Figure 4, lwo 

vertices P1 and P2 of a polygon that makes up part of a two-dimensional shape, and 
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normal vectors n1 and n2 al vertices P1 and P2, respectively, we describe the method for 

calculating the interpolated line that interpolates between vertices Pt and P2 in this case. 

In this embodiment, il is taken to he ideal for the interpolated line to he equal to 

the m"l: of a circle or cJlipsc that passes through the two vertices that the interpolated line 

interpolates, and such an interpolated Jinc is to be determined. Herc, all smooth curves 

can he approximated hy a succession of minute arcs (i\lduding an.:s of both circles and 

c11ipses), so here one adopts as interpolated Jines cu..Ves that arc represented by fonctions 

that can approximate an arc. 

As shown in Figure 5, given normal vectors at vertices Pt and P2 of a two­

dimcnsioual shape that passes through vertices P1 and P2 (since normal vectors n1 and n2 

arc perpendicular to lhc two-dimensional shape, tangent vectors can be determined from 

these normal vectors n1 and n2), the angle that line segment P1 P2 joining vertices Pt and 

P2 forms with the tangent vector at vertex Pt or Pz, is denoted by (} 1 and (} z, 

respectively. In this case, if (} 1 and 0 2 arc et1ual, the arc ol' a circle that passes through 

both vertices P1 and P2 can be taken as the interpolated line. 

The curve that is taken as the interpolated line is selected with the relationship 

between e 1 and 0 2 as a condition: for example, if e .1 and {} 2 are eciual, for example 

an arc of a circle that passes through both vertices P1 and P2 is taken as the interpolated 

line; if 8 1 and 8 2 differ by a smaH amount, for example an arc of an ellipse that passes 

through hnth vertices P1 and P2 is taken as the interpolated line; nnd if (} l and (} 2 differ 

hy a large amount, for example a spline curve that pnsscs through both vertices P1 and P2 

is taken as the interpolated line. Thus sometimes the inlvrpolatctl line docs not vary 
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continuously when the relationship hctwccn 0 l and 0 2 varies. 

Thus here, for example, a 13ezier curve is adopted uniformly as the interpolated 

line regardlc:-;s of the relationship between 0 1 and e 2 (strictly speaking, there should he 

an nculc accent over the 11c 11 following the "B" in 11 Bezicr11
). The order of the Bczicr curve 

is set to, for example, 3, so that arbitrary 8 1 and 0 2 can be given. 

A third-order Bezicr curve is specified hy fouryo1~trol points, two uf which 

coincide with the starling point and ending point of i=ile Bczicr cuive. The other two 

control points lie on the tangent at the starting point and ending point of the Bczicr curve, 

respectively. 

Meanwhile, because the tangent vector at vertex P1 and P2 is determined based on 

normal vector ni or n2, respectively, the lcn1gent direction of the Bezier curve that passes 

through vertex Pi or P2 is specified by giving normal vector n1 or n2. And the starting 

point or ending point of the Dczier curve that is the interpolated line is given hy vertex P·i 

or P2 (or Pz or P1), respectively. Therefore the third-order Bezicr curve as the 

interpolated line that interpolates between vertices Pt and P2 is specified uniquely if one 

determines a control point in the direction of the tangent vector al vertex P1 or P2, 

respectively. 

In Figure 6, 1 is normal direction, 2 is length Lt. 3 is tangent ".ector, 4 is an 

interpolated line (Bezier curve), 5 is tangent vector, 6 is length L2, 7 is normal direction. 

In the situation shown in Figure 6: 01 is a control point in the direction of the tangent 

vector at vertex P1, 02 is a contro] point in the direct ion of the tangent vector Ht vertex P2. 

anc.l lhc length L1 of line segment P10-i and the length L2 of line segment P2Q2 arc 
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dclermined (in the following, for convenience, Lt and L2 arc referred lo as control edge 

lengths). 

First, the third-order Bezicr curve B that serves as the interpolated line is 

expressed hy the following equation using panuneter l (0 ~ l ~ 1) and (the coordinates ol) 

the four control points P1, Pz, 01. 02. 

... (I) 

Now if in Figure 6 we set 8 1 = 8 2 = 8, then since as slated above i1 L'> ideal 

here that the interpolated line be an arc of a circle, the situation shown in Figure 7 rcsulls 

if Figure 6 is rewritten so that, for example, the origin is taken as the center C of the circle 

and line segment P1 P2 is parallel to the xMaxis. Jn Figure 7, 1 is length Ll, 2 is 

interpolated line, 3 is Y-axis, 4 is length Lz, R represents the intersection point of they­

axis and the arc of the circle that is the interpolated line, and this intersection point R can 

be determined by setting t = 0.5 in equation (1). Herc, line segment RC is the radius of 

the arc of the circle that is the interpolated line, and in this case, because center C lies at 

the origin, the radius of the circle is R. 

If the interpolated line is an arc of a circle, control edge lengths L1 and L2 will he 

equal, so setting this lo L (= L1 = ~). from Figure 7 the foUowing equations holds true. 

Pty = P2y = R cos8, Oty = 02y = Pty + L sin8 ... (2) 

where Pty• Oty are lbe y-coordinales of control points P1, Qi. and P2y. 02y are 

the yMcoordinatcs of control points Pz, 02. respectively. 

Also, intersection point R is cxprcRscd hy lhe following equation hy setting t to 

0.5 in equation (1) and substituting the Ply• P2y• Ot y• 02y of cqm1tk'n (2) fr1r P1, P2, 01, 



20 

R = R cos 014 + 3/4 (R cos(} + L sin 0) ... (3) 

As shown hy lhc following equation, the length L' (= 1)(2 R sinO) of lhc control 

cc.lgc when lhe length of chord P1 P2 is normalized to I can he dclcrmincd hy solving 

equations (2) and (3) t<u control edge length Lund dividing it by the length (2 R sin(}) of 

chord P1 P2. 

L' = 2/(3(1 + cos8 )} ... (4) 

Aller control edge length L' is determined from equation (4), by using this control 

edge length L' and vertex P1 or Pz, control point 01 or Oz, respective( y, can he 

determined, and therefore the Ilczier curve is spccjficd as lhe interpolated line. 

In the foregoing, 81 and 8 2 arc equal, but even if() 1 and 0 2 arc different, hy 

performing a transformation to cxpand/contracl one axis, conlrol points 01 and Qz can be 

dclcrmined in the same way as if () 1. and e 2 are equal. 

That is, if () 1 and () 2 arc different, as shown in Figure 8(A), the triangle formed 

by vertices P1 and P2 and intersection point P' where the tangents at vertex P1 or P2 

intersect with each other will be a scalene triangle (whereas in the case in Figure 7 it is an 

isosceles lriangle ), and here the length of side Pt P' or P2P' of this scalene triangle are 

denoted by kt or k2• respectively. Also, the length of side Pt P2 is denoted by K. 

In this case, the fo11owing equations hold true. 

kl sinO 1 = k2 sinG2, kt cos81 + k2 cosB2 = K ... (5) 

Nso, K can be determined from the coordinates of vertices P1 and P2. 

Solving equation (5) for ki and kz, we gel the following e<11mlions. 
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k I = K sin 0 2/(sin (] 2 ens 0 1 + cos 8 2 sin 0 1) 

k2=KsinG1/(sii182cosfJ1 + cosO 2 sin 0 l) ... (6) 

Meanwhile, ir !Or example as shown in Figure 8(B), denoting hy V the 

perpendicular dropped from point P2 lo straight line P·1 P', if point P2 is moved along 

perpendicular V so as to deform triangle Pt P2P' into triangle P1 P2'P' (expansion 

transformation or conlractinn lransformalinn) ns shown in Figure 8(C'), then 1hc rntin of 

control edge length L2 from control point P2 to Qz.-in triangle Pi P2P' before the 

deformation lo control edge length L1' from control point Pz' to Q1' in triangle P1 Pz'P' 

after the deformation will be equal to the ratio of length k2 of side P2P' in triaiiglc 

P1P2P' before the deformation to length k2' of side P2'P' in triangle P1P2'P' after the 

deformation, and as a result, the following e<1uation holds true. 

... (7) 

Therefore if triangle P1 P2' P' afler the deformation is made into an isosceles 

triangle in which the length of side PlP' and the length of side P2'P' arc equal (but in 

order to make triangle P1P2'P', ailer a deformation by an expansion/contraction 

transformation of one:: axis, into an isosceles triangle, 0 1 and e 2 must be formed on the 

same side of chord P1 P2), thC?n control edge length LJi.' can be determined by equation (4), 

and control edge length L2 can be determined from equations (6) and (7). That is, control 

edge length L2 can be determined by the following equation. 

J--2 = K x k2 x 2 x cos8' x 2/(3(1 + cosB ')) ... (8) 

Similarly, control edge length Lt can be determined by the following c(1uation. 

LJ = K x k] x 2 x cusO' x 2/(3("1 + cns8 ')) ... (9) 
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The 0' in equations (8) and (9) denotes the .angle formed hclwccn .sic.Jc P1 Pz and 

side P2'P' in triangle P1P2'P' after the deformation (82' in f<igure 8(C)) (or the angle 

formed by side P1 P2 and side P1 P' ( 8 1' in Figure R(C)) ( fJ 1 = 8 2). 

After control edge length L·1 or Lz has been determined as dcscril>cd ahnvc, 

control point 01or02 can be determined from vertex P1 or Pz, respectively, and thereby 

lhc. He-.dcr cmvc is spcciliecl as lhe inlcrpolalion line .. 

Although 8 ' can be accurately determined hy expressing the contraction 

transformation with a numerical expression, in this embodiment, in order lo reduce the 

increase in the amount o[ calculation, cosfJ' is approximated bys in the following 

equation. 

cos 0 's ·. (cos() 1 + cos D z)/2 ... (10) 

In this case, control edge lcnglhs Ll and L2 arc determined according to the 

following equations. 

L1 = K x kl x 2 x s x 2/(3(1 + s)) 

Li= K x kz x 2 x s x 2/(3(1 + s)) ... (11) 

Next, referring to the llowchart in Figure 9, the method will he described for 

calculating control points 01 and 02 (control point computation processing) for 

specifying lhc Bezicr curve that is the interpolated Jine. 

In compuling control points Q1 and Q2, first, in step S1, length kl or k2 of side 

Pt P' or P2P' of triangle P1 P2P' in Figure R(A) is determined according to equation (6), 

then one proceeds ln .step S2. Jn step S2, the appmximalc value s of the cosine of base 

angle fJ' (= 0 1' = 0 2') when triangle P1 PzP' is deformed, by performing an 
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expansion/contraction transformation, tn isosceles P1P2'P' as shown in Figure K(C) is 

determined according lo equation (I 0), then one proceeds lo step S3. In slcp S3, 

equations (11) arc calculated 10 determine control edge lengths Li and Lz, thereby 

determining control points Ot and Oz. 

Figures 10 through 13 shnw the results of simulations in which K = 1 is set, 

control points Ot and 02 arc determined, and the intcrpola!ctl line is dcll:rmincd lhat is 

the Bczier curve specitied by these control points Qf and Q2. [n Figures 10 through 13, 

(A) shows the radius of curvature of the interpolated line, and (B) shows the shape of the 

interpolated line. Also, Figure 10 shows the case where 8 1 = 0 2 = 18 degrees, Figure 

11 shows the case where () 1 = 18 degrees and () 2 = 22 degrees, Figure 12 shows the 

case where () 1 = 28 degrees and 8 2 = 32 degrees, and Figure 13 shows the case where 

8 1 = 20 degrees and 8 2 = 60 degrees. 

The foregoing concerns a polygon lhal is parl of a two-dimensional shape, but for 

a polygon that is part of a three-dimensional shape, the normul vectors n1 or n2 at its two 

vertices P1 or P2 are in general in mutually twisted positions. As shown in Figure 14, the 

angle formed by line segment P1 Pz and the projection (orthogonal projection) of this line 

segment P1 P2 onto the plane A which is perpendicular to normal vector n1 and includes 

vertex P1 is adopted as the 81 in equations (6) and (10). That is, the unit vector in the 

direction of the projection of line segment P1 P2 onto the plane including vertex Pr that is 

perpendicular lo normal vector n1 is taken as the tangent vector B of the three­

dimensional shape al vertex P1, and the angle formed by this tangent vector and line 

segment PJ Pz is taken as the 0 1 in equations (6) and (10). 
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Similarly, the angle formed by line segment P:1P2 and the projection or this line 

scgmenl P1 P2 onlo lhe plane C including vertex Pz that is perpendicular lo normal vector 

n2 is taken as the 02 in cl111atinns (6) and (10). 

ln the following, as explained in Figure 9, by determining control points 01 and 

Q2, the Bczicr curve can he determined as the interpolated line that interpolates between 

vertices PI and P2. In I his case, lhe Dczicr curve as t~1c intcrp0Ja11.:d line is gl:nt:rally a 

curve that is spatially twisted, but because the bulge-:is near lo that of a circle or cJlipsc, 

ultimately it interpolates smoothly between vertices P1 and P2. 

Alier the inlcrpnlaled line is determined as described ahovc, in fine splitting 

processing, as stated above, interpolated points on a given interpolated line arc 

determined as vertices of subpolygons into which the original polygon is split, and these 

inlcrpolaled points can he determined by inpulting an appropriate value for parnmelcr tin 

equation (I), which expresses the Bczicr curve as the interpolated line. 

The interval between vertices P] and P2 can be split into M parts by setting M-1 

interpolated points between them, and if this is done, then it suffices to calculate equation 

(l) with parameter l set to, for example, i/M (i = 1, 2, ... , M-1). 

Next the case, as shown for example in Figure 15, will be described in which four 

vertices Pt through P 4 are shown, and fine splitting processing is done on quadrilateral 

polygon P1PzP4P3 that is part of a lhree~dimensiona] shape and in which line segments 

P-i P2 and P3P 4 lie opposite each other, and line segments P1 P3 and P2P 4 lie opposite 

each other. 

Assuming now that the interval between vertices Pt and P2 is split into, for 
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example, two parts (in this case, the interval helween vertices P3 and P4, which lies 

opposite line segment P1 Pz, is also split into lwo parts), as explained in Figure 9, 

interpolated line 1312 (interpolated line J), which interpolates between verl ices Pi and r2, 

is determined, and interpolated line B34 (interpolated line 2), which interpolates between 

vertices P3 and P 4, is determined. And interpolated point P12 or P34 can he determined 

on inl crpnlalcd line R 1.2 or BJ4 hy compul ing e4uat ion fl) with parameter l ~cl to, for 

example, 0.5. 

Ju this way, quadrHateral polygon P1PzP4P3 is split into two subpolygons, the 

quadrilateral polygons P1 P·12P34P3 and P12P2P 4P34. 

And if the inte1val between vertices P1 and P3 and the interval between vertices 

Pz and P 4 arc each split into two parts, then, likewise ~1s explained in Pigure 9, 

interpolated line B13 (interpolated line 3), which interpolates between vertices P1 and P3, 

is determined, and interpolated line Bz4 (interpolated line 4), which interpolates between 

vertices P2 and P 4, is determined. And interpolated point P13 or P24 can he determined 

on interpolated line 813 or B24 by computing equation (1} with parameter l set to, fi.>r 

example, 0.5. 

And in this case, interpolated line Bt234 (interpolated line 5), which interpo1atcs 

between interpolated points P12 and P34, which were previously determined as the 

vertices of subpolygons, is also determined as explained in Figure 9. And interpolated 

point P1324 can be determined on interpolated line B1234 by computing equation (1) 

with parameter t set lo, for example, 0.5. 

In this way, quadrilateral polygon P1PzP4P3 is split into four subpolygons, the 
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Herc quadrilateral polygon P1 P2P4P3 Le; spJil into 2x2 (horizonlal x vertical) 

subpolygons, but if quadrilalcrnl polygon P1 PzP4P3 is to he splil inlo MxN subpolygons, 

it sufticcs to splil lhe interval hcl~ccn vertices Pt and P2 and the interval llctween P3 and 

P.1 each intn M parts. split the interval hetwecn vertices Pt. and P3 and lhc interval 

hetween P2 and P 4 each into N par(st and split into N parts the interval between 

corresponding members of the M-1 interpolated points that split lhe interval between 

vertices Pi and P2 into M parts and the M (sic; should be M-11 interpolated points that 

split the interval between vertices P3 and P4 into M parts.· But lluadrilatcral polygon 

P1P2P4P3 can also be split inlo many suhpolygons by repealing a process in which 

quadrilateral polygon P1P2P4P3 is split hy fine splitting prncessfog inlu two subpolygons 

P12PzP4P34 arc each split by fine splitting processing into two further subpolygons. 

In fine processing, since the interpolated line that interpolates between two 

vertices is determined using the coordinates and normal vectors of the two vertices, in 

detcnnildng interpolated line B1234 that interpolates between interpolated points P12 ant.I 

P34, for exampJe in the case illustrated in Figure 15, il is necessary to have normal 

vectors n12 or n34 at interpoJated points P12 or P34, respectively. And even if an 

interpolated point with another interpolated point is an interpolated point that cannot he 

determined (in the case of Figure 15, interpolated points Pn, Pz4, P1234), because the 

interpolated point is the vertex of a suhpolygon, a normal vector is needed lo t.lo shading 
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in rendering processing. 

A normal vector al a vertex of a suhpolygnn (except a vertex of the original 

polygon) is determined here for example as follows. 

Namely, taking the example of interpolatct.I point P12 that splits the interval 

between vertices P1 and P2, its normal vcclor RJ2 is determined, as shown in Figure 16, 

hy 1inear in1erpolal ion using normal vector 111 at vertex P 1 and nonnal vector 112 al vertex 

Pz. 

Specifically, if parameter t that is substituted in equation (1) when interpolated 

point P12 on interpolated line B12 is lo be determined is set to T, then unit vector nn12. 

which corresponds lo the sum of (1-T) limes normal vector 11") plus TT times normal 

vector 112 is determined according lo the following equation. 

nn12 = ((l-T)n1 + Tn2)/ICl-T)n1 + Tnzl ... (12) 

where Ix I represents the norm of vector x. 

The vector nn12 obtained by cc1uation (1.2) is equal lo the normal vector 

determined in Phong shading. 

Vector nn12 may be adopted without modification as normal vector n12 at 

interpolated point P12. but because vector 111112 is obtained by linear interpolation using 

normal vectors n1 and n2, it is difficult to say that it faithfully retlecls the shape of 

interpolated line BJ 2· So here we correct vector nn12 as follows, and adopt the corrected 

vector as normal vector n12 at interpolated point P12. 

That is, first we determine tangent vector s12 of interpofated line B12 at 

interpolated point P·12· Herc tangent vector s12 can be determined from ct1uation (1). 
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Then we determine lhc vector product nn12' of vector nn12 and tangent vector 

s12 according to the l:'oJlowing equation. 

nn12' == nrqz x s12 ... (13) 

Then we determine the vector product of tangent vector s12 and vector nn12' and. 

set this to normal vector n 12 at interpolated point P12 as shown in the lb1lowing equation . 

... (14) 

Herc the "x0 in equations (13) and (14) represents a \.rector product. 

Because normal vector n12 determined as described above faithfully expresses the 

shape of interpolated line B1z, which is n Bezier curve, by using this in shading (highlight 

calculation, etc.), we can oblain an image whose brightness distribution accurately reflects 

the shape of interpolated Jinc B12. 

As described above, with line splilling processing !he normal vector is used as an 

interpolation vector, the interpolated line that interpolates between two vertices is 

determined from the normal vectors and the coordinates of the vertices, and an 

interpolated point on a given interpolated line i~ determined as the vertex of a subpolygon 

into which the original polygon is split, so one can compose a delicate three-dimensional 

shape from polygons of rough shape. 

And because the locality of the interpolation is preserved here, that is, because for 

example in Figure 15 each normal vector of an interpolated point that splits the inlerva1 

between vertices P1 and P2 is determined from normal vector n1 at vertex P:t and normal 

vector n2 al vertex P2, the subpolygons obtained by splilting £tuadrilaleral polygon 

Pi P2P 4 P3 and lhc suhpolygon.s obtained by splilling anolhcr polygon that abuls 
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quadrilateral polygon P1P2P4P3 al ils side PI Pz arc connected continuously, and lhus a 

smooth three-dimensional shape can he obtained. 

In the case described ahnve, a quadrilateral polygon has heen considered. 

However, fine splitting processing can also he done on a polygon that has a different 

number of sides than frrnr. For example, if done on a triangular polygon, fine splitting 

prol:cs.siug l:<lll be done un a triangular polygou iu lhc smw.; way a.s ou a tjWH.lriJatcral 

polygon by thinking of one of the pairs of vertices Pf.and Pz, P3 and P4, P1 and P3, or Pz 

and P 4 that make up the aforesaid quadrilateral polygon P1PzP4P3 as being the same 

vertex. 

Herc, texture coordinates at the vertices of the subpolygons arc required for doing 

texture mapping on the suhpolygons that rcsuU from fine splitting processing, hut these 

can he determined in the same way that, fi.lr example, normal vector nn12 at interpolated 

point P12 is determined, as explained in Figure 16. Thal is, although it was not slated 

above, the data on the three-dimensional image that is generated in data provision device 

1 includes, besides splitting polygon data and texture data, the texture coordinates at each 

vertex of the original polygons; for example, the texture coordinates at interpolated point 

P12. which splits the interval between vertices P1 and P2, can be determined by adding 

(linearly interpolating) the texture coord.inates at vertex Pt and the texture coordinates at 

vertex P2 in accordance with the ratio 1-t:t corresponding to parameter l substituted in 

equation (1) for determining interpolated point P12· 

If the shape of the interpolated line B12 between verticc.-, P1 and P2 is biased (for 

example, if the radius of curvature of the part near one or the other of vertex P1 or Pz is 
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large, and the radius of curvature of the part near the olher is small), there will arise 

distortion in the texture if texture mapping is done using the texture coordinates 

determined hy linear intcrpnlatinn as described above. That is, if parmncter t substituted 

in equation (I) for determining interpolated point P12 assumes, among the values it may 

assume, frH· example its midpoint value 0.5, but because of the shape of interpolated line 

1112 is hia~ccl, intcrpnlalcd point P12 is set in a position where ils dislam:c along 
. . 

.. 
interpolated line B12 is very close to, say, vertex P1 ·t>ctwecn vertex P1 or Pz, then texture 

djstortion will arise if texture mapping is done using the texture coordinates determined 

by linear intc1·po1ation. 

In cases where such tcxtmc distortion is a prohlcm, it suffices Lo do curvilinear 

integral inn along interpolated line B12. determine the disumcc along interpolalcc.l linc B12 

from vertex P1 or Pz, respectively, lo interpolated point P12, and, according lo this 

distance correct the ratio that is used when the texture coordinalcs at interpolated point 

P12 arc determined by linear interpolation. That is, il sumccs to 1mtkc a correction 

whereby lhc ratio lhat is used when the texture coordinates at interpolated point P12 are 

determined by linear interpolation is made to approach (or set equal to) the ratio between 

the distance along interpolated line B12 from vertex P1 to interpolated point P12 and the 

distance along interpolated line B12 from vertex P2 to interpolated point P12· 

Next, in many cases a smooth three-dimensional shape can be realized by doing 

fine splitting processing using the normal vectors al the vertices as the interpolation 

vectors, bul depending on the three-dimensional shape to be realized, ii is sometimes 

inadvisable lo use only the nnrmal vectors ut the vertices as the interpolation vectors. 
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Thal is, there are t<.H example cases where, with a circular cylinder mother holly 

of revolution made hy rotating a plane shape ahout an axis of rotation, or a similar three-

dimensional shape, there is a large discrepancy between the direction of the orthogonal 

projection of the line segment that joins a given vertex a of a polygon that is part of the 

three-dimensional shape amt another vertex b (where vertex bis a vertex that is adjacent 

Id val~x a) onto the plan1,; llial i.s pcrpcndic.:ular to lh~ normal vector al vertex a, and the 

tangent direction (hcrealler called, for convenience, ·the frame line direction) al vertex a of 

the curve (hereafter called, for convenience, the frame line) that joins vertices a and h 

along the three-dimensional shape to he rcaliz.ed; in such a case, if line splitting 

processing is done as described ahovc, then the interpolated line that joins vertices a and h 

will, so to speak, be in a bcnl stale, and if texture mapping is done, the texture will appear 

unnatural. 

Specifically, consider a case in which a three-dimensional shape, as shown for 

example in Figure 17(A), is composed of rough polygons, and the three-dimensional 

shape resulting from rotating this about axis of rotation Y is to be realized. Normal vector 

A at vertex a, which is the intersection point of sides 1 and 2 of polygon p that is part of 

the three-dimensional shape of Figure 17(A), is a vector in an obliquely upward direction, 

which is a direction that is roughly perpendicular to polygon p. In this case, there is a 

large discrepancy between the frame line direction at vertex a and the direction of the 

orthogonal projection of line segment ab (side 1) that joins this vertex a and another 

vertex b or polygon p onto lhe plane that is perpendicular tn the normal vector at vertex a. 

Thal is, in this case, because normal vector A is a vector in an obliquely upward direction, 
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the direction of lhc orthogonal projection of line segment ab (side ·1) onto the plane thal i.s 

perpendicular lo the normal vector has a till with rcs11ccl to the plane that is perpendicular 

to axis of rotation Y. On the other hand, the [rmnc line direction al vertex a is the tangent 

direction, al vertex a, of the circle that is the locus of vertex a ii' polygon p is rotated about 

axis of rotation Y, so it is parallel to the plane that is perpendicular to axis of rotation Y. 

111 Lliis ..:asc, if fine splillfog prlll::cssing is doni.: on polygon p, lhc11 the interpolated 

line that interpolates belwccn vertices a and h will be bent as shown in Figure 17(B), and 

it will he difficult lo compose a smooth three-dimensional shaec. 

Also, if there is no need to perform fine splitting processing on the polygons and 

make the three-dimensional shape that is composed by the subpoJygons thus obtained into 

a spccil.ied shape and the ahovc-menlioncd bending of the interpolated line causes no 

prohlcms, then il suffices lo use only the normal vectors al the vel'lices as interpolation 

vectors. But if the above-mentioned bending of the interpolated line causes prohlcms or ii' 

it i., necessary lo make the three-dimensional shape composed by the subpolygons into a 

specified shape, then it may be impossible to realize the specified shape by using only the 

normal vectors al the vertices as the interpolation vectors. 

That is, if., for example, as shown in Figure 18, fine splitting processing is to be 

done on quadrilateral polygon abdc, thereby composing circle 0, which is the base of a 

circular cylinder as indicated by the dotted line in this diagram, then it will be necessary 

to split quadrilateral polygon abdc into subpoJygons so as lo compose circle 0, which will 

he the hase of the circular cylinder. But in this case, denoting normal vectors A through 

Dal vertices a through ll, respectively, vectors arc given that arc perpendicular to circle 0 
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that forms the base, so ii' fine splitting processing is done using such normal vcctnrs A 

through D, quadrilateral polygon ahdc will he split in a direction parallel lo side ah (cc.I) or 

side ac (bd). That i~, splitting will nol be done on the suhpolygons that arc to compose 

circle 0. 

This is due to the same reason explained with Figure 17. Namely, in Pigurc 18, 

lhi.: dircdiu11 of lht: orlhogoual projcclio11 uf Lhc line s~gmcnl that joins a vertex a with 

another vertex h onto the plane that is perpcndicular~to normal vector A al vertex a 

coincides with the direction of line segment ah. On the other hand, the curve along the 

three-dimensional shape lo be realized that joins vertices a and h, that is, the frame line, is 

an arc ah that is part of circle 0, and the tangent direction of this arc ah at vertex a, that is, 

the frame line direction, is the direction of the tangent of circle 0 al vertex a. Therefore 

the direction of the orthogonal projection of line segment ah nnto the pJane that is 

pcrpc11llit,;ubu tu unnrnd vector A at vertex a of' quadrilalcrnl polygun ahdc that compmms 

the circular cyJindcr differs greatly from the frame line direction at vertex a, so 

quadrilateral polygon abdc is not split into suhpolygons so as lo compose circle 0. That 

is, with fine splitting processing, the interpolated line that intcrpo1atcs between vertices a 

and b is formed in such a way that it touches the orthogonal projection or line segment ah 

onto the plane that is perpendicular to normal vector A al vertex a and touches the 

orthogonal projection of line segment ab onto the plane that is perpendicular to normal 

vector B at vertex h, while the frame line, which is the curve that joins vertices a and b 

along the circular cylinder to he realized, is arc ah, so the interpolated line and the frame 

line arc difforcnt, and quadrilateral polygon ahdc is not split into suhpolygons so as lo 
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compose circle 0 (the circumference of the circle). which is the frame line (one only docs 

splitting so that sides ah, cd, e1c, bd arc each taken without modification as an interpolated 

line). 

As interpolation vectors at a given vertex not only the normal vector al that vertex 

has been adopted but also a vector (lhc interpolated line c.lircclion vector) that expresses 

the.: direction (the frame lim: direction) of the frame lin~ that passcs through that vt:dor. If 

fine splilling processing is done using the vector thafcxpresscs the frame line direction as 

an interpolation vector, the interpolated Jine is formed in such a way that it coincides with 

the frame line (because this is something that constitutes an interpohtted line such that the 

vector that expresses the frame line direction coincides wilh the frame line if it is used in 

the fine splitting processing), and the polygons are split into subpolygons lo compose the 

three-dimensional shape to be realized. 

As vectors lhat express the frame line direction at a vertex, there are, for example, 

the tangent vector at the vertex (corresponding lo the slope of a curve in a lwo­

dimcnsional plane) and lhe normal vector of the frame line al the vertex (the definition of 

the normal vector of a frame line is discussed below), but here we adopt the normal vector 

of the frame line. 

If fine splitting processing is done using the normal vectors (the normal-direction 

vectors of the three-dimensional shape to be realized) at the vertices that are given for 

shading, the normal vector faces the normal direction of the curved surface that is the 

thrcc-dimcnsiorrnl shape lo be realized, so the polygons arc split into suhpolygons so as to 

compose the curved surface that is the thrce-cJimcnsional shape to he realized. That is, if 
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fine splilling processing is done using as interpolation vectors the normal vcclors al the 

vertices that arc given for shading, splilling into suhpnlygnns is done so as, so to speak, lo 

interpolate the curved surface that is the three-dimensional shape lo he realized. Thus in 

the following, for convenience, these normal vectors arc referred lo as curved surface 

interpolation normal vectors. 

Ou the ulhcr hamJ, if fine spJiUjug pro1.,;cssing ~>f P_ulygous is dune using lhe 

normal vectors of the frame Jines, then the sides thaf make up a polygon are split into 

subpolygons that have sides that, so lo speak, interpolate the frame lines, that is, the 

curves (curves included in curved surfaces) that constitute the curved surface lhal i.s the 

three-dimensional shape to he realized. In following, for convenience, these normal 

vectors arc referred lo as frame line interpolation normal vectors. 

If for example the c.ircular cylinder indicated by the c.loUed line in Figure 18 is 

composed wilh suhpolygons nhlaincd by fine splitting processing, the curved surface 

interpolation normal vectors at vertices a through d of quadrilateral polygon abdc arc 

normal vectors A through D, respectively, and the frame line interpolation normal vectors 

al vertices a through d are unit vectors in the direction of straight Jines extending from the 

center of circle 0 toward vertices a through d. 

If not just curve interpolation normal vectors hut also frame line interpolation 

normal vectors are adopted as interpolation vectors, then frame line interpolation normal 

vectors are used when determining interpolated points (for example, interpolated points 

P12. P23, P13, P24 in Figure 15) that intcrpolalc between adjacent vertices in the original 

polygon thal is lhe object of fine splilling processing, and curved surface interpolation 
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normaJ vectors arc used when determining, so lo speak, internal inlcrpnlalcd points in the 

original polygon (for example, intcrpolalcd point P1234 in Figure 15). 

II' such fine splilling processing is done on, lhr example, quadl'ilalcral polygon 

abdc in Figure 18, then frame line interpolation normal vectors are used as interpolation 

vectors for each of the intervals hcl ween vertices a and b, between vertices h and d, 

hctw1.:L.:U vcrli1:cs d and c, aml bctwccn vcrli1.;cs c aud a, .ai_1d intcrpolah:.:u points arc 

.. 
determined as descrihed abi.>ve. As a result, interpofated points arc formed on arcs ah, bd, 

de, and ca. ln the interior of quadrilateral polygon ahdc, curved surface intcrpola~ion 

normal vectors arc used as interpolation vectors, and interpolated points arc determined as 

described above. As a rcsuH, interpolated points arc formed in the plane lhal includes 

circle 0. As a result, quadrilateral polygon ahdc is split into suhpolygons so as to 

constitulc circJc 0. 

That is, if fur example fine splitting processing i.s clone so as to generate four 

suhpoJygons by splilling quadrilateral polygon abdc into two parts in each of the 

directions of sides ah (cd) and ac (bd), then when, as shown in Figure 19(A). each <.'lf 

vertices a through d is given a frame line interpolation normal vector in the direction from 

lhc center of circle 0 toward vertex a through d, respectively, and each is given a curved 

surface interpolation normal vector in a direction perpendicular to circJe 0 (in Figure 

19(A). in the direction Hying out perpenclicularly from the surface of the diagram), then 

first, lbr the interval between vertices a and b or lite interval between vertices c and d, the 

frnrne line interpolation vectors arc used as interpolation vectors, and arc ah or cd, 

respectively, is dclcrmincd as the interpolated line, and interpolated point corf is set on 
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the respective intcrpolatec.J line, as shown in Figure 19(B). Likewise for the interval 

between vertices a and c or the inte1val between vcrlicc.s hand d, lhc frame line 

interpolation vectors arc used as interpolation vectors, anc.1 arc ac or hd, respectively, is 

determined as the interpolated line, and interpolated point g or his set on the respective 

interpolated line, as shown in Figure lY(C). 

Also, ii.)r cxamplc Li.1r the iutcrval between ii.ll~fl.lO~<tlcd puints e ~md f (or the 

interval between interpolated points g and h), line segment cf is determined as an 

interpolated line using curve interpolation normal vectors as interpolation vectors, and 

interpolated point i is set on this interpolated line as shown in F'igure 19(0). As a result, 

as shown in Figure 19(0), quadrilateral polygon abdc is splil into quadrilateral polygons 

acig, cbhi, hdfi, fcgi as four subpolygons to comprise circle 0. 

Dy the ahovc-dcscril>cd fine splitting processing, a polygon is splil into detailed 

(fine) polygons so as lo give a smooth three-dimensional shape, so even if detailed data 

about the three-dimensional shape to be realized is not given by data provision device 1, a 

de1icatc three-dimensional shape can be composed and presented to the user just by 

giving rough data concerning the shape. Also, on the side of user terminal 4, a delicate 

three-dimensional shape can be reproduced from sparse data. 

Next, the processing of data provision device 1 of Figure 2 will be described. 

When input unit 11 is operated by the producer so as lo compose a three­

dimensional shape, splitting polygon data generation processing that generates the 

splitting polygon data used for line splitting processing is performed by data provision 

device 1. 
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Referring lo lhe llowdiarl i11 Figure 20, we dcscrihc the splilling polygon clala 

generation processing. 

In splitting polygon dala generation pmccssing, first, in step S 11, dala processing 

unit 12 decides whether the coordinates (coordinates in three-dimensional space) of the 

vertices of lhc polygons tha1 comprise the three-dimensional shape and the normal vectors 

of lhc fralllt; li111 . .:s al lilt; Vi,;flii,;CS (as slated below, lht:~c will he used as the frame line 
. . 

interpolation vectors) have been input from input unii 11. 

In step St l, if il is decided that the coordinates of the vertices and the normal 

vectors of the Jramt! lines al lhc vertices have not been inpul, one skips slcp S12 and 

proceeds to step S13. 

If in step Sll il is decided that the coordinates of the vertices and the normal 

vectors of the frame lines at the vertices have been jnput, lhal is, if the coordinates of the 

vertices and the normal vectors of the frame lines al the vertices have been inrut by lhc 

producer operating input unil 11, then one proceeds lo slcp S12, the coordinates of the 

vertices and the normal vectors of the frame lines at the vertices that have been input arc 

temporarily stored in memory 1.2A, and one proceeds to step S13. 

In step Sl3, data processing unit 12 decides whether input unit 11 has been 

operated so as to confirm the stored content of memory 12A as splitting polygon data 

(hereafter called, for convenience, confirmation operation). If in step Sl3 it is decided 

lhat confirmation operation has not been done by input unit 11, one returns to step Sll 

and thereafter repeats the same processing. 

If in step Sl3.il is decided that confirmation operation has been done by input unit 
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11, one proceeds to Sl4, and data processing unit 12 reads the stored content nf memory 

l2A and supplies it to, and stores it in, splitting database 13. Also, data processing unit 

12 for example goes through the vertices in the order in which they were input and 

determines, based on the stored content of memory 12A, third-order Bezicr curves in 

which the angle formed with lbe normal vector of the frame line al each vertex is 90 

dcgr(.;c.s, and supplies thi.s, via .splitting database 13, splitting processing unit 14, and 
. ' 

rendering unit 15, to display unil 1.6 and causes it tcr"he displayed. 

In thi.'i way, as shown in Figure 21, Bczicr curves (indicated in the diagram by the 

dotted line) as the frame lines that constitute the three-dimensional shape am displayed on 

display unit 16. 

ThercaHer, one proceeds to step S.J.5, where data processing unit .12 decides 

whether input unit ·11 has been operated so as lo add any input or coordinates of the 

verl ices and normal vectors of the frame lines at the vertices (hereafter called, for 

convenience, additional operation). If in step S15 jt is decided that additional operation 

has been done by input unit 1.1, the stored content of memory l2A is cleared, one returns 

to step Sl.1, and thereafter, by repeating the processing of steps Sll through Sl5, Bczier 

curves as the frame lines lhal constitute the three-dimensional shape are drawn one after 

another. 

Thal is, for example, as shown in Figure 22(A), the producer inputs the 

cocirdinates ofverlex P1 and normal vector (frame line interpolation normal vector) Ai of 

the frame line al this vertex P1,.as well as the coordinates of vertex P2 and normal vector 

A1 of the frame line al this vertex Pz, and if confirmation operation is done by input unit 
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11, data processing unit 12 determines Bczicr curve PJ P2 as a frame line that comprises 

the three-dimensional shape, and causes display unil 16 to display ii. Also, the producer 

does additional operntion on input unit 11 and, for example, as shown in Figure 22(A), 

inputs the coordinates of vertex P3 anti normal vector AJ of the frame line al this vertex 

P3, as well as the coordinates of vertex P4 and normal vector A4 of the frame line al this 

vertex P 4, and if confirmation operation is done on ir~put unit 11, dat11 processing 11nil 12 

' 
determines Bezier curve P3P 4 as a frame line that comprises the tilrcc-dimensional shape, 

and causes display unit 16 to display it. 

Thercaflcr, the producer docs additional operation on input unit 11, and, for 

example, as shown in f<igure 22(B). inputs the coordinates of vertex P1 and normal vector 

(frame line interpolation normal vector) BJ of the frame line al this vertex P1, as well as 

the coordinates of vertex P3 and normal vector B3 of the frame line al this vertex P3, and 

if confirmation operation is done by input unit 11, data processing unit ·12 determines 

Bezier curve P] P3 as a frame line that comprises the three-dimensional shape, and causes 

display unit 16 to display it. Also, the producer docs addiliona1 operation on input unit l1 

and, for example, as shown in Figure 22(B), inputs the coordinates of vertex P2 and 

normal vector Bz of the frame line at this vertex P2. as well as the coordinates of vertex 

P 4 and normal vector B4 of the frame Jine at this vertex P 4, and if confirmation operation 

is done on input unit 11, data processing unit 1.2 determines Bezier curve P2P 4 as a frame 

line that comprises the three-dimensional shape, and causes display unit 16 to display it. 

Herc, in Figures 22(A)-22(B) there are shown for example two vectors At and 13·1 

as normal vectors of the lhunc line of v~rtex P1. However, vector A1 or B1 is 
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perpendicular lo curvc PI P2 or Pt P3, respectively. Similarly. vector Azor B2 is 

perpendicular to curve P1P2 nr PzP4, vector A3 or B3 is perpendicular lo curve P1P3 or 

Alsn, given two vertices Pt and Pz and normal vector At or A2 ol'lhe frame line 

al such vertex P1 or Pz, data processing unit 12 goes through these two vertices P1 and P2 

nnd determines third ·onler lkzicr curves, as frame lin~s comprising the lhrcc-Ji111t;Hsiu11al 

shape, in which the angle formed wiiii normal vector-Ai or Az, rc.-,pccliveJy, is 90 

degrees; this is determined, for example, in the following way. 

Namely, as shown in Figure 23, data processing unit 1.2 determines line segmcnl 

Pt 'P2', which is the projection (orthogonal project inn) of line segment P1P2 nnlo plane R, 

which includes vertex Pt and is perpendicular to normal vector A]. In the same way, 

data processing unit 12 determines line segment P1 "P2" (not .shown), which is the 

projection of line segment P1 Pz onto the plane that includes vertex P2 and is 

perpendicular lo normal vector Az. With the data processing unit l~, control points 01 

and Qz are determined, as explained in Figure 9, from the coordinates of vertices P1 and 

Pz and from the angle formed by line segment Pt P2 and line segment Pt 'Pz' and the 

angle formed by line segment P1 Pz and line segment P1' 'P2' ', and the third-order Bezier 

curve specified by these control points Ot and 02 as well as control point Pt and P2 is 

determined as a frame line that composes the three-dimensional shape. 

The Bezier curve as the frame Jim: that is thus determined coincides with the 

interpolated line that is obtained if line sp1illing processing is done hy taking as 

jnLcrpolation vcclors the normal vector or the frame line at vertex PJ and the normal 
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vector of the frame line at vertex P2. 

Returning lo Figure 20, in step S15, ff il is decided that input unit 11 was operated 

not with additional operation hut so as tn end the input of the coordinates of vertices nnd 

the normal vectors or the frame lines at the vertices, one proceeds to step S16, and with 

data processing unit 12 lhe curved surface formed by the frame lines determined thus far 

(1hc curved s11rface 1hal cnnstitutcs the three-dimensional shape) is determined. That is, ff~ 

for example, frame lines P1 Pz, P3P 4, P1 P3, P2P 4 are determined as described in Figure 

22, then in step S16 curved surface Sis determined, which is surrounded by frame Jines 

P1P2. P3P4, P1P3, PzP4 as shown in Figure 24. 

Then one pmcceds lo step S"l7, and data processing unit 12 computes the frame 

line interpolation normal vector and curved surface interpolation normal vector for each 

vertex stored in splitting database 13. 'I'hat is, dala processing unit 12 lakes the normal 

vector of the frame line at each vertex stored in splilling database 13, as is, a.s the frame 

line intcrpolaUon vector for each respective vector. Therefore the frame line interpolation 

normal vector at a given vertex (as well as the normal vector of the frame line at the 

vertex). from what was explained in Figure 23, becomes the normal-direction vector in 

the specified plane in the case where the Bezier curve as a frame line (the Bezicr curve 

determined as explained in Figure 23) is touched by the line that is the projection of the 

line segment that joins the vertex and another vertex onto a specified plane that includes 

the vertex. 

Also, in step SJ.7, data processing unil 12 determines the normal vectors of lhc 

curved surface determined in slcp S16 at each vertex stored in splilling dalahase 13, sets 
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!hem to lhc curved surface interpolation normal vectors al the corresponding vertices, and 

supplies them to, and stores them in, splilling database 13. The curved surface 

interpnJatinn normal veclors coincide with the normal vectors used in lhc C<1sc when 

shading of the polygons i:-; done. 

Herc, if in fine splitting processing the interpolated lines between vertices arc 

determined using n11ly !f11: curvctl surran: inlcrp11lali1111 llllflllitl vec.:!11rs a111011g lhe rn111w 

line interpolation normal vectors and curved surfocc.:intcrpoll:ltion normal vectors, then, 

for example, as shown in Figure 25(A). the interpolated line will sometimes not coincide 

with the curved surface (frame line) determined in step S14 and will be hcnl. On the 

other hand, if the interpolated lines hclwccn vertices are determined using lht: frame line 

interpolation normal vectors, then, for example, as shown in Figure 25(B), a smooth 

interpolated line will he obtained that coincides with lhc curved surface (frame line) 

determined in step S14. 

In slcp S17, when data processing unit 12 determines the frame line interpolation 

normal vectors and curved surface interpolation normal vectors, one proceeds to step S18, 

and vector coalescence processing is done. 

Thal is, if there is a large discrepancy bet ween the direction of the orthogonal 

projeclion of the line segment that joins one vertex with another vertex adjacent to it onto 

the plane that passes through the one vertex and is perpendicular to the curved surface 

interpo]ation normal vector, and the direction of the tangent al the one vertex of the 

curved surface (frame line) along the three-dimensional shape lo he realized (lhc frame 

line dircclion), then, as slated above, lhe interpolated line will he bent, and the size of this 
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discrepancy is rcllccted in the difference between the frame line interpolation normal 

vcclor and lhc curved surface interpolation normal vector. 

On the other bane.I, the size of the aforesaid discrepancy is oflen zero (including 

cases in which it is almost zero) (where the size of the discrepancy is large is, lbr example, 

a case in which, as stated above, a circular cylinder or other hody of revolution made hy 

rolaling rt plane shape ahout an axis nf rotatinn, or a similar thrcc-dimcnsinnal shape, is to 

be realized); in this case, the frame line interpolation.-normal vector and the curved surface 

interpolation normal vector coincide (roughly coincide). U is redundant to separate the 

frame Jine interpolation normal vector and the curved surface interpolation normal vector 

that thus coincide and separately make them into splitting polygon data. 

Jn order to reduce the volume of data in the splitting poJygon data, in step S18 the 

frame line interpolation normal vector and the curved surface interpolation normal vector 

at the same vertex arc compared, and if they coincide (roughly coincide), then vector 

coalescence processing is done, in which the frame line interpolation normal vector and 

the curved surface interpolation normal vector arc combined into a single vector. Here, if 

the frame line interpoJation normal vector and the curved surface interpolation normaJ 

vector coincide completely, then in step S18, for example, one or the other vector is 

selected, and tbis is made the result of the vector coalescence processing. And if the 

frame line interpolation normal vector and the curved surface interpolation normaJ vector 

coincide roughly, then in step S18, for example, their average value is determined, and 

this is made the result of the vector coalescence processing. The result of the vector 

coalescence processing is written in instead of the frame line interpolation normal vector 
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and the curved surface interpolation normal vector I hat arc stored in splitting database 13 

and arc the oh_jcct ol' this vector coalescence processing. lf the frame line interpolation 

normal vector and the curved surface inccrpolalion normal vector al the same veclnr do 

not coincide, they arc kept in the state in which they am stored in splitting database 13. 

Once dala processing unit 12, in step S18, performs vector coalescence processing 

on ~111 lh(". vt'rtkes stnre<t in -;pliHing clntaha-;e 11, nnc proceeds to Sl 'l, in which the 
__ , 

,; 

splitting polygon data is composed ba~ed on the cont-en{ stored in splitting database 13, 

and splitting polygon data generation processing is terminated. 

Figure 26 shows the format of the splilling polygon data composed in step Sl9. 

Splilling polygon data consists of, for example, I reference data ii-ems #1 through 

#1, followed by I polygon data ilcms #1 through #J arranged in sequence, as shown in 

[1igurc 26(A). 

Here, polygon data item #i (i = l, 2, ... , I) is generated, for example in the splitting 

po1ygon data generation processing of Figure 20, every time a curved surface such as that 

shown in Figure 24 is made, for the quadrilateral polygons P1PzP4P3 that make up this 

curved surface S. Therefore Figure 26(A) shows the sp1itting polygon data for the case in 

which a three-dimensional shape consists of I polygons. 

As shown in Figure 26(8), polygon data item Iii consists of the coordinates 

(px1.PYl•J>Zt), (px2,py2,pz2), (px3,py3,pz3), ... of the vertices that constitute its polygon 

interpolntion normal vectors or curved surface interpolation normal vcclors at each vertex-, 

and other clala. Attached lo the vertex coordinates and normal vectors arranged in 
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polygon data item #i arc indexes for specilying them. And in the embodiment of Figure 

26(6), sec1ucntial numbers arc actually attached to the vertex coon.linales and normal 

vectors as indexes, but for the indexes it is also possible to allocate sequential numbers lo 

the vertex coordinates and norma1 vectors in the sec1ucnce in which they arc arranged, 

without writing the index into poJygon data item #i. 

Refor~nc<• cb11a i1<'tn #i, whic-h is data thal is used when pn1ygnn data item Iii is 

referenced, consists for example of the number of vertices as the number of vertices that 

constitute polygon #i and reference data on each vertex, as shown in Figure 26(C). 

Therefore if polygon #i has J vertices, J reference data items concerning vertices will be 

laid out. As shown in Figure 26(0), reference data nn vertex #j (i = 1., 2, ... , J) consists or 

the index of the coordinates of vertex #j, the indexes of frame line interpolation normal 

vectors A and Bal the vertex, and the index of the curved surfucc interpolation normal 

vector al the vertex, arranged sequentially. 

If, for example, 1 is laid out as the index of the coordinates of vertex #j, then the 

coordinates (pxi,py1.rz1) to which index 11111 is assigned in polygon data item #i, which 

corresponds to reference data item #i, will be the coordinates of vertex #j. 

For example if, say, 1 is laid out as the index of frame line interpolation normal 

vector A, then the normal vector (nx1,nyt,nzt) lo which index 11111 is assigned in polygon 

data item Iii, which corresponds to reference data item #i, will be frame line interpolation 

normnl vector A al vertex #j. 

And for example if, say, 2 is laid out as the index of frame line interpolation 

normal vector B, then the normal vector (nx2,ny2,nz2) to which index "2" is assigned in 
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polygon data item Iii, which corresponds to reference data item #i, will he frame line 

interpolation normal vector B al vertex llj. 

And for example u: say, 3 is laid out as the index of the curved surface 

interpolation normal vector, then the normal vector (nx3,ny3,nz3) lo which index "3" is 

assigned in polygon data item #i, which corresponds to reference data item #i, will be the 

e11rv1··rt surfor-1· interpn1alinn nnrmal vector at vertex #j 

The reason why there are twC:i frame line intcrpolitlion normal vectors, vectors A 

and B, at one vertex #j, is as follows. For example al each vertex P1 through P 4 of 

quadrilateral polygon Pi P2P 4P3 that comprises curved surface S shown in Figure 24, 

which arc generated in the ali:lrementioned splitting polygon data generation processing, 

two curves (frame lines) of difforcnt direction intersect, but the normal vectors for these 

two curves are given as curved surface interpolation normal vectors. 

In the foregoing c~tsc, frame line interpolation normal vectors A, B an<l thc curved 

surface interpolation normal vector arc each given a difforenl index, bul in a case where in 

step Sl8 in Figure 20 frame line interpolation normal vectors A, B and the curved surface 

interpolation normal vector coincide and are coalesced into a single vector, each of the 

frame line interpolation normal vectors A, B and the curved surface interpolation normal 

vector is given an index allocated lo their single coalesced vector. That is, if for example 

frame line interpolation normal vectors A, Band the curved surface interpolation normal 

vector arc each represented by (nx1 ,ny1 ,nz1), then the index of each of the frame line 

interpolation normal vectors A, Band o( the curved surface intcrp<llation normal vector is 

set to ·1, which is the index allocated to normal vector (nx1,ny1,nz1) (in this case, normal 
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vector (nx1,ny1.nz1) L'> the result ofvcclor coalescence processing (in s(ep Sl8 in Figure 

20) on frame line interpolation norma] vccton; A, B m1d on the curved surface 

interpolation normal vector). Also, in this case, only vector (nx1,ny1,nz1) is mapped lo 

polygon data item Iii as a normal vector. 

In the splitting polygon data generation processing in Figure 20, the producer 

causes lhc coorclinates of the vcrlkes nnc't the normal vectors of lhc frame line al lhc 

vertices to be input, and then the three-dimensional shape is defined by determining the 

curves that will be the frame lines and causing the curves lo intersect, hut a three-

dimensional shape can also be composed in the following way. 

First, one takes actuaJ measurements f<.lr the three-dimensional shape lo be 

reali:t..ed, determines the coordinates of each vertex in threc-dimensionaJ space and the 

nonnal vectors of the three-dimcn~ional shape al each vertex, that is, determines the 

cuaved surface intcrpnJation normal vectors, and has these input into data processing unit 

12 by the producer. Data processing unit 12 is made to determine and dispJay the curves 

that will be the frame lines, Laking the curved interpolation normal vectors tn be the frame 

line interpolation normal vectors A, B for each of the two frame Jines that intersect at a 

given vertex. Then, for the displayed frame lines that are bent (distorted), one has the 

producer correct frame line interpolation normal vectors A, B that are equal to the curve 

interpolation normal vector in such a way that the frame Jines become smooth. In this 

case, one may dispense with the processing of steps St 7 and Sl8 in Figure 20. 

Next, splitting polygon data generation processing (Figme 20) is done by data 

provision device 1, and when splitting polygon d<1ta as shown in Figure 26 lu1s been 
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stored in .splitting database 13, the splitting polygon data is read from splitting database n 

in splilling processing unit 14, and fine :-;plitting processing is done. 

Referring to the flowchart in Figure 27, we describe the line splilling processing 

performed on polygons in splitting processing unit 14. 

Herc, for example a quadrilateral polygon P1 P2P4P3 as shown in Figure 28 is 

split intn M nr N parl<; hori7nnta11y or vertically, respectively, lhcrchy making some! hing 

l 

that is composed of MxN quadrilateral subpolygons,(here, for example, the direction of 

line segment Pt P2 (or P3P4) of quadrilateral polygon P1P2P4P3 in Figure 28 is taken as 

the hori7.ontal direction, and the direction of line segment P1 P3 (or PzP 4) is taken as the 

vertical direction). 

The curved surface interpolation vector al vertex Pi (i = 1, 2, 3, 4) of quadrilateral 

polygon P1P2P4P3 is denoted by llj, lhe line frame interpolation normal vector lbr the 

horiwntal frame Jine al vertex Pi is denoted by Aj, and the line frame interpolation 

normal vector for the vertical frame line is denoted by Bj. 

In lhis case, in fine splitting processing, first, in step S21, fine splitting processing 

of frame line P1P2 is done. That is, in step S2l, M-1 interpolated points P12 arc set 

between vertices P1 and J>2, and a curved surface interpolation normal vector niz is 

determined at each of these M-1 interpolated points P12· 

Then one proceeds to step S22, where splitting processing of frame line P3P 4 is 

done. Thal is, in step S22, M-1 interpolated points P34 are set between vertices P3 and 

P4, and a curvcc.1 surface interpolation normal vector 1134 is determined at each of these 

M-1 interpolated points P34. 
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Thercallcr, one proceeds in se(1uence lo steps S23 and S24, where splitting 

processing of frame line P1P3 and splitting processing of frame line P2P4 is done. Thal is, 

in step S23, N-1 interpoJalcd points P13 arc set between vertex P1 and vertex P3, and a 

curved surface interpolation normal vector 1113 is determined al each of these N-1 

interpolated points P13. And in step S24, N-1 interpo1atcd points Pz4 arc sel between 

vertex ·p? and vertex P 4. and a curved surface interpolation normal vector n74 is 

determined at each of lhcse N-1 interpolalcd points .P24; · 

Then one proceeds to step S25, where splitting processing inside the po1ygon of 

quadrilateral polygon Pt P2P 4P3 is done. Thnt is, in step S25, N-1 interpolated points arc 

set between each of the M-1 interpolated points P12 and the·corrcspnnding one of the M­

l interpolated points P34, thus selling a total of (M-1 )x(N-1) interpolated points Pt 234, 

and a curved surface intcrpolcttion normal vector "1234 is determined at each of these (M-

1)x(N-l) interpolated points P1z34. 

Thercallcr, one proceeds to step S26, where quadrilatcra1 polygon Pt PzP 4P3 is 

split into MxN quadrilateral subpolygons based on the interpolated points P12. P34, P13, 

Pz4, and P1234 determined in steps S21 through S25, and fine splitting processing i<; 

terminated. 

For example, assuming now that quadrUateral polygon Pt P2P 4P3 shown in 

Figure 28 is split into 2x2 quadrilateral subpolygons (and therefore M-l=N-1=1), in step 

S21 of Figure 27, an interpolaled line that coincides wilh frame line P1 Pz is determined 

by performing lhc control point computation processing of Figure 9 using the coordinates 

of vertices P1 and P2 and the frame line interpolation normal vectors J\1 and A2· /\nd in 
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step S21, interpolated point Pn. which is one point on interpolated line P1 P2. is 

determined as shown in Ji'igurc 29, hy substituting for example 0.5 for the parameter l in 

equal ion (1) or lhe Bczicr curve that represents this interpolated line P1 P2. Also, in step 

S21, curved surface interpolation normal vector 1112 ill intcrpolalcd point Pn is 

determined from curved surface interpolation normal vector n1 or n2 al vertex P1 or P2, 

respectively, as explained in Figure 16. · 

Likewise in step S22, the saane processing as)n ·sfop S21 is done on vertices P3 

and P 4, thereby determining interpolated point P34, which is one point on interpolated 

Jinc P3P4, and determining curved surface inlerpolation normal vector 1134 at this 

interpolated point P34, as shown in Figure 29. ·· 

Jn step S23, an interpolated line that coincides with frame line Pi P3 is determined 

by performing the control point computation p~ocessing of Figure 9 using the coordinates 

of vertices Pt and J>3 and the frame line interpolation normal vectors B1 and B3. Jn step 

S23, interpolated point P13, which is one poinl on interpolated line P1P3, is determined as 

shown in Figure 30, by substituting for example 0.5 for the parameter l in ec1ualion (1) of 

the Bczier curve that represents this interpolated line Pt P3. Also, in step S23, curved 

surface interpolation normal vector 013 at interpolated point P13 is determined from 

curved surface interpolation normal vector n1 or n3 at vertex Pi or P3, respectively, as 

explained in Figure 16. 

Likewise in step S24, the same processing as in step S23 is done on vertices P2 

and P4, thereby determining interpolated point P24, which is one point on interpolated 

line P2P4, and determining curved surface interpolation normal vector n24 at this 
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interpolated poinl P24, as shown in Figure 30. 

In step S25, interpolated lines arc determined that interpolate between 

corresponding interpolation members of the interpolated points on interpolated line P J P2 

and the interpolated points on interpolated line P3P4, and on such an interpolated line, the 

same number of interpolated points arc set as the interpolated points set on interpolated 

line P1 P1 (or interpolated line P2P4). That .is, in the present case, as shown in Figure 31, 

interpolated line P12P34, which inte1110lates betwe~~ interpolated points P12 and P34, is 

determined by performing the control point computation processing of rigure 9 using the 

coordinates of interpolated points P12 and P34 and the curved surface interpolation 

normal vectors 11121 1134. The interpolated point Pn34, which is one point on 

interpolated line P12P34, is determined as shown in Figure 3.l, hy substituting for 

example 0.5 for the paramelcr I in equation fl) of the Bezicr curve that represents this 

interpolated line P12P34. Also, curved .surface interpolation normal vector 111234 at 

interpolated point PJ.234 is determined from curved surface interpolation normal vector 

"12 or 034 at interpolated point P12 or P34, respectively, as explained in Figure 16. 

In step S26, quadrilateral polygon P1P2P4P3 is split into 2x2 quaddlatcral 

subpolygons based on the interpolated points P12, P34, P13, P24, and P1234 determined 

in steps S2l through S25. That is, quadrilateral polygon Pt P2P 4P3 shown in Figure 28 is 

split into four quadrilateral subpolygons Pt P12P1234P13, P12P2P24P1234, 

P·1234P24P4P34, and P13P1234P34P3, thereby realizing a three-dimensional shape that 

is smoother lhan in the case of just quadrilateral polygon P1 P2P4P3. 

Jn the abnvc case, in step S25, interpolated lines arc delermined that interpolate 
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between corresponding interpolation members of the interpolated points on interpolated 

line P-i P2 and the interpolated points on interpolated line P3P 4, and on such an 

interpolated line, the same number of interpolated points arc set as the interpolated points 

set on interpolated line P1P3 (or interpolated line P2P4), hut otherwise it suilkcs to 

determine interpolated lines that interpolate between.corresponding interpolation 

members of the interpolated points on interpolated line P1 P3 and the interpolated points 

on interpolated line PzP4, and on such an interpolat~d liric, the same .number of 

interpolated points arc set as the interpolated points set on interpolated line P1 P2 (or 

interpolated line P3P4). 

That is, if for example quadrilateral polygon P1 PzP4P3 shown in .Figure 28 is to · 

be split into 2x2 ttuadl"ilaternl subpolygons, in step S25, as shown in Figure 33, 

interpolated line P13P24 that interpolalcs between interpolated poinls P13 and P24 is 

determined by performing the control point computation processing of Figure 9 using the 

coordinates of interpolated points P13 and P24 and the curved surface interpolation 

normal vectors n13 and 1124. In step S25, interpolated point P13z4, which is one point on 

interpolated line P12P34, is determined by substituting for example 0.5 for the parameter t 

in equation (1) of the Bezier curve that represents this interpolated line P13Pz4, and 

curved surface interpolation normal vector n1324 at interpolated point P1324 is 

determined from curved surface interpolation normal vector n13 or n24 at interpolated 

point P13 or P24, respectively, as explained in Figure 16. 

ln this case, quadrilateral polygon P1P2P4P3 in Figure 28 L<; split into lirnr 

quadrilutcrn.I suhpolygons P1P12P1324P13, P12P2P24P1324, P1324 Pz4 P 4P34, and 
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P13P1324P34P3. 

Herc il is possihlc in step S25 lo dclcrminehoth inlcrpolalcd points Pt234 (Figure 

31) and P1324 (Figure 33) and set lhc final interpolated poinl to the point that is 

expressed by, say, the average value of their coordinates. In this case, the curved surfoce 

interpolation normal vector al the Lina! inlcrpolatcd poinl is sel to, say, the average value 

of curved surface intcrpolalion normal vectors n1214 and n1324. 

"' 

The suh1xllygons obtained by the above fine ~plittlng processing are supplied from 

splitting processing unit 14 to rendering unit 15 and are drawn by rendering processing 

being performed. Thal is, rendering unit 15 fi.>r example pcrJhrms rendering on the 

subpolygons and converts them tn the screen coordinate system. The shading of the 

suhpolygons is done using the curved surface interpolation normal vcclor al each vertex. 

Rendering unit 15 determines the final ROB values of each pixel that constitutes display 

unit 16, such as by calculating the texture addresses for texture mapping using the texture 

data stored in texture database 17, and outputs them to display unit 1.6. ln this way, the 

three-dimensional image consisting of the subpolygons is displayed on display unit 16. 

And if there arc no problems in the three-dimensional image displayed on display 

unit 16, the producer operates input unit ll so as to supply the stored content of splitting 

database 1.3 to transmission/recording device 18. In response to this, the splitting polygon 

data stored in splitting database 13 is suppJicd to transmission/recording device 18. When 

it receives the splitting polygon data, transmission/recording device 18 reads the texture 

data from texture database 17, multiplexes it with the splitting polygon t.lata, and transmits 

it via transmission medium 2 or records ii on recording medium 3. 
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ff there is any problem with the three-dimensional image displayed on display unit 

16, the producer co!'l"ects the splitting polygon data hy operating input unit l l. 

Next, reforring to the llowcharl in Figure 34, we further describe the frame line 

splitting processing in steps S21 through S24 in Figure 27. Here one verlex that 

constitutes the polygon is denoted by P1. and another vertex that is adjacent to this vertex 

P1 is denntccf hy P:!. Also, the frame line interpolation vector al vertex P1 or P2 for frame 

line P1 P2 between vertices P1 and P2 is denoted by_.Af or A1. respectively, and the 

curved surface interpolation normal vector at vertex P1 or Pz is denoted by n1 or n2. 

respectively. 

In frame line splitting processing, first, in step S31, straight line {line segment) 

Pi Pz is determined, one proceeds to step S32, straight line P1P2 i~ orthogonally projected 

onto the plane that includes vertex P1 or P2 and is perpendicular Lo frame line 

intcrpolalion normal vector Ai or A2, respectively, the unit vector in the straight-line 

direction projected onto each plane is determined, and each is taken as the tangent vector 

at vertex P1 or P21 respectively. 

One then proceeds to step S33, which determines the angle 81 or 0 2 thal 

straight line Pt P2 forms with the tangent vector at vertex 111 or P21 respectively. ·Then 

one proceeds in sequence to steps 834 and S35, where a third-order Bezier curve is 

determined as the interpolation line that coincides with frame line Pt Pz, as in the case in 

Figure 9. 

That is, in step S34-, hased on angles 81 and 82 and the coordinates of vertices 

P-1 and P2, one determines control edge length Li or Li. which is the distance from 
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control point P1 or Pz lo another control point 01 or Oz, respectively. And in step S35, 

control poinl 01 or 02 is determined from control edge length L] or Lz, respectively, anc.l 

thereby a three-dimensional Bczier curve is specified as the interpolated line that 

coincides with frame line Pt P2. 

Proceeding in scq-ucnce lo steps S36 and S37, interpolated points P12 arc set on 

in1crpolalcd line P1 P2. which is a lkzier curve, curved surface interpolation normal 

vectors n12 at these interpolated polr,ts P12 arc det~mi'incd, and frame line .splitting 

processing is terminated. 

That is, iii step S36, an interpolated point P12 is determined hy substiluting a 

specified value into parameter l in equation (I) that expresses interpolated line Pt P2, 

which is a Bezicr curve. And in slep S36, tangent vi::ctor s12 al inlcrpoJated point P 12 of 

interpolated line Pi P2 is determined as explained in Figure 16, and vector nn 12 described 

in Figure 16 is determined by doing linear interpolation using curved surface interpolation 

normal vectors n1 and 112. And in step S37, vector nn12 is corrected by tangent vector 

s12 as explained in Figure 16, and the result of the correction is determined as final 

curved surface interpolation normal vector ni2 at interpolated point P12· 

Next, referring lo the flowchart in Figure 35, we further describe the splitting 

processing inside polygons in step S25 of Figure 27. Here, one interpolated point on the 

frame line obtained by frame line splitting processing is denoted by Pt. and the 

interpolated point on the frame line that is opposite this frame line and corresponds to 

interpolate~ point P1 is denoted by P2. Also, in the frame Jine splitting processing for 

dclcrmining inlcrpnlaled point Pt or P2, the curved surface interpolation normal vector 
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determined logelhcr with interpolated points P·1 and P2 is denoted by n.1 or nz, 

respect ivcly. 

In splilling processing of the interior of polygons, the same processing is clone in 

steps 41 through S47 as in the case of .steps S3"J through S37 in Figure 34 -except that in 

step S42 the tangent vector at interpolated point P1 or P2 is determined using not the 

frame line interpolation normal vector but curved surface interpolation vector 111 or 112, 

respectively - and the interpolated points on the Be?-icr.clirve as the interpolated line that 

interpolates between interpolated points P1 and P2, and curved surface interpolation 

normal vector n12 at these interpolated points arc determined. 

1 t: as abnvc, a vertex has holh a frame line interpolation normal vector and a 

curved surface interpolation normal vector, then an interpolated poinl that interpolates 

between vertices of the original polygon on which fine splitting processing is done is 

determined using the frame line interpolation normal vectors, and an interpolated poinl 

that interpolates between interpolated points is determined using the curved surface 

interpolation normal vectors. But if the bending of the interpolated line (frame line) as 

stated above is not a problem, then an interpolated point may he determined using only 

the curved surface interpolation normal vectors, even if the vertices have both frame line 

interpolation normal vectors and curved surface interpolation normal vectors. 

With the aforesaid fine spUtting processing, subpolygons that constitute a smooth 

three-dimensional shape can be generated from splitting po1ygon data concerning rough 

polygons. 

Thal is, for example the cuhe shown in rigurc 36 consists or six quadrilalcral 
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(square) polygons constiluting its six faces, and if drawing is dnne wilhoul performing 

any line splitling processing on these six quadrilalernl poJygons, what results is, for 

example, a cuhe as shown in Figure 37. In contrast to this, if each vertex of the six 

(111adrilateral polygons is given as an interpolation vcclor (curved surface incerpnlalion 

normal vector) a vector Lhat extends radially from the center o( the cube, and fine splitting 

processing is carried out, then what results is, for example, a sphere as shown in Fiµ;urc 38. 

., 

In Pigurc 38 (as in Figure 40 through Figure 42, whj.cli"hre discussed below). each 

quadrilateral polygon is split into 5x5 subpolygons. 

Furlhcrmore, hy changing the inlcrpolation vectors given al each vertex of the six 

quadrilateral polygons from those shown in Figure 36 lo, for example, ones that arc tilled 

as shown in the side view in Figure 39, the six quadrilalcrnl polygons, by fine splilling 

processing, arc split into subpolygons thal comprise a distorted .sphere as indicated by the 

dotted line in this diagram. That is, by just changing the interpolation vectors assigned to 

the six quadrilateral polygons that constitute the cube, one can obtain a, so lo speak, egg-

shaped three-dimensional shape a." shown in Figure 40 or Figure 41. 

Here the three-dimensional shapes shown in Figure 38, Figure 40, and Figure 41 

can be realized by using as interpolation vectors only the curved surface interpolation 

normaJ vectors. 

Also, for example, a circu]ar cylinder as shown in Figure 42 can be realized 

through fine splitting processing by as.~igning to the vertices of those of the six 

quadrilateral polygons comprising the cube shown in Figure 36 that will constitute the 

side faces of Che circular cylinder the normal vectors of these quadrilateral polygons RS 
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frame line interpolation normal vectors nr curved surface interpolation normal vectors, 

assigning to the vertices of the quadrilateral polygons that will comprise the circle lhat is 

to he the base of the circular cylinc.ler, as frame line interpolation normal vectors, normal 

vectors in a direct ion extending radially from Ute center of this circle, and assigning 

normal-direction vectors of (the surface of) this circle as curved surface interpolation 

nornrnl vectors. 

Since, as described above, fine splitting pmc~ssitig makes il possible to generate 

subpolygons that constitute a smooth three-dimensional shape from splitting polygon data 

concerning rough polygons, the producer is given the ability to compose a complex thrcc­

dimensional .shape even without selling detailed parameters concerning the thrce­

dimcnsional shape. 

Next, rcforring lo the tlowcharl in Figure 43, the processing of user terminal 4 in 

Figure 3 will be described. 

With user terminal 4, reception/playback device 21 receives data transmillcd via 

transmission medium 2 or plays back data recorded on recording medium 3, and among 

this data, the splitting polygon data is supplied to and recorded in splitting database 22, 

and the texture data Le; supplied lo and recorded in texture database 27. 

The splitting polygon data recorded in splitting database 22 is read, for example in 

one-frame units, by geometry processing unit 23, and in step S51. of Fig. 43, geometry 

processing unit 23 performs geometry processing (such as coordinate transformations 

according lo the viewpoint) on this splitting polygon datu in response to operation hy the 

user o[ input unit 28, and supplies the result to splilling processing unit 24. In step S52, 
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splitting processing unit 24 performs fine splitting processing on the splitting polygon 

data in the same way as in splitting processing unit 14 of data prnvision device 1, and the 

resulting suhpolygons arc supplied lo rendering unit 25. In step S53, rendering unit 25 

performs a perspective transformation (perspective projeclion transformation) on the 

suhpolygons from splitting processing unit 14, and proceeds lo step S54. In step S54, 

hrighlncss calculation (shading (for ex·mnplc, Gouraud shading or Phong shading)) is 

done on the transformed data, and texture address ~alculation, etc. is done, thereby 

determining the RGB values of each pjxel. In step SSS, in rend~ring unit 25 the ROB 

values of each pixel are written lo a frame buffer that is nol shown in the diagram, and 

one returns to step S51 to wail for splilting polygon data concerning the next frame lo he 

read from srlitting database 22. The three-dimensional image as ROB values wriUcn into 

the frame buffer is read out with the prescrihed timing imd is displayed on display unit 26. 

Therefore, with user terminal 4 too, as in the case of data provision device 1, 

subpolygons that constitute a smooth three-dimensional shape can be generated from 

splitting polygon data concerning rough polygons. 

Next, Figure 44 shows an cxampJe of the configuration if user terminal 4 is, say, a 

video game machine. And if user terminal 4 is a video game machine, in addition to data 

for displaying three-djmensional jmages, game programs (computer programs), etc. arc 

aJso provided lo user terminal 4 from data provision device 1. via transmission medium 2 

or recording medium 3. 

This video game machine has two kinds of buses for exchanging data among the 

hlocks, main bus J 01 and suh bus 102; main bus 101 and suh bus Hl2 arc connected via 
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hus controller 116. 

· Connected to main hus 101., besides hus controller 116, are, for example, main 

CPU (ccntra1 processing unit) 111, which consists of suhprocessors, etc., main memory 

112, which l<.1r example consists of RAM (random access memory), main OMAC (direct 

memory access controller) 113, MOEC (MPEG (Moving Picture Experts Group) 

decoder) MDIK' 114; and GPll (graphic processor unil) 115. 

Connected to sub bus J.02, bc.~idcs bus contro.llcr 1.16, arc GPU 115, suh CPU 121, 

which for example is configured in the same way as main CPU l 1.1, sub memory 1.22, 

which for example is configured in the same way as main memory 1.12, sub DMAC 123, 

ROM (read only memory) 124, which holds the opcrnting system, clc., SPU (sound 

processing unit) 125, ATM (asynchronous transmission mode) communication unit 126, 

auxiliary memory unil 127, and inpu_t device interface l/F 128. 

lfore, data is exchanged al high speed by main bus 101 and al low speed hy :mh 

bus 102. That is, the high-speed performance of main bus HH is assured by using sub bus 

102 for data that can he exchanged at low speed. 

Bus controller 116 is made so as to disconnect main hus 101. and sub bus 102 and 

connect main bus 101 and sub bus 102. If main bus 101 and sub bus 102 are 

disconnected, onJy devices connected to main bus 101 can be accessed from main bus 101, 

and only devices connected to sub bus 102 can be accessed from sub bus 1.02, but if sub 

bus 102 is connected lo main main bus 1.01, any device can be accessed from either main 

bus 101 or sub bus 102. And in the initial state, such as immediately aller lhe power to 

the device has been turned on, hus controller ·1 '16 is in open state (the state in which main 
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hus LOI and :mh bus Hl2 arc conncclcd). 

Main CPU 111 performs various processing in accordance with programs slorcd 

in main memory 112. That is, main CPU Lll, fbr example when lhc device is aclivated, 

reads via bus conlroJler 116 the booting program from ROM 124 (connected lo sub bus 

102), which is on sub bus 102, and executes it. In this way, main CPU 111 causes the 

applicatinn prngrams (here, the game programs and programs for performing the 

aforementioned fine splitting proccs.~i,ng, etc.) and n_~cessary data to be loaded from 

auxiliary memory device 127 into main memory l 12 and suh memory 1.22. Then main 

CJ>U 111 executes the programs it has thus caused to be loaded into main memory 112. 

Main CPU 11"1 includes a huill-in GTE (Geometry Transfer Engine) 117; this 

GTE ·117 has for example a parallel operation mechanism which executes multiple 

operations in parallel, and in accordance; with requests from main CPU l l l performs 

high-speed arithmetic processing for such geometry processing as coordinate system 

transformations, etc. Thus, by carrying out processing (geometry processing) in 

accordance with reciucsts from main CPU 111, GTE 117 generates and supplies to main 

CPU 111 the data for the poJygons that constitute the three-dimensional image to be 

dispJayed. When main CPU 111. receives the polygon data from GTE 117, it transfors it 

to GPU 115 via main bus 101. 

Main CPU 111. aL~o includes a built-in cache memory 119; processing can be 

speeded up by accessing this cache memory 119 instead of accessing main memory 112. 

As described above, main memory ·112, besides storing programs, also stores data, 

etc. lhal is necessary for processing by main CPU 111. Main DMAC "1'13 controls DMA 



-------------------------------·--- ·-----· 

63 

transfers to devices on main bus HH. However, when bus controller J Ui is in open slate, 

main DMAC 113 also controls devices on suh hus 102. MDBC l 14, which is an 1/0 

device that can operate in parallel with main CPU U 1, functions as an image expansion 

cngjne. Thal is, MDEC 114 decodes image data which was compressed by MPEG 

encoding. 

GPU 1 l '1 functions as a rendering processor. Thal is, GPll 115 receives dala, 

including splitting polygon data, transmitted from main CPU 111 and splits it into 

subpolygons by performing fine splitting processing. Also GPU l 15, by perlbrming 

perspective projection transformations on the subpolygons, converts it to data in a two­

dimcnsional plane (screen coordinate system), mut computes and writes (draws) to 

graphic memory 118 the pixel data that constitutes the polygons based on, for example, 

color data for lhc vertices of the polygons (although not stated ahovc, color data is also 

included in the splitting polygon data) and Z values that indicate their depth (depth from 

the viewpoint). Also. GPU 115 reads out the pixel data that has been written into graphic 

memory '18 and outputs it as a video signal. In addition, GPU 115, as necessary, 

receives splitting polygon data also from main DMAC 113 or devices on sub bus 102 and 

performs similar processing in accordance with the data. 

Graphic memory 11.8 consists ot: for example, DRAM, and has frame memory 

141, Z buffer 142, and texture memory 143, as shown in Figure 45. Frame memory 141 

stores the pixel data to be displayed on the screen, for example the portion for one frame. 

Z buffer 142 store~ the Z value of the polygon that is nearest to the viewer in the image to 

be displayed on screen; it has enough memory capacity to store, for exmnplc, the Z values 
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fc.lf one frame. Texture memory 143 stores data on the texture to he attached lo the 

polygons. 

GPU 115 performs processing using frame memory l41, Z huller 142, and texture 

memory 143. Thal is, GPU lJ.5 cause:.; the Z value of the subpolygon constituting the 

three-dimensional image that is nearest to lhc viewer to he stored, and based on the values 

slored in this 7 huffer 142, i1 is decided whether to draw the pixel dala (RCm values) In 

frame buffer 141. If the pixel data is lo be drawn, texture data is read from texture 

memory 143, and this data is used to determine the pixel data to be drawn, and drawing is 

done to frame memory 1.41. 

Returning to Figure 44, suh CPU 121 performs various processing by reading and 

executing programs stored in sub memory 122. Stored in sub memory 122, as in main 

memory 112, arc programs and the required data. Suh DMAC 123 controls DMA 

transfers to devices on sub bus 102. Also, sub DMAC 123 acquires bus rights only when 

bus controller 116 is in closed stale (when main bus 101 and sub bus 1.02 arc 

disconnected). ROM 124, as described ahnvc, slorcs lhc hooting program and the 

operating system, etc. A1so stored in ROM 124 arc programs for both main CPU 111 and 

sub CPU 121. ROM 124 here has a slow access speed, and therefore it is on sub bus 102. 

SPU 125 receives packets transmitted from sub CPU 121 or sub DMAC 123 and 

reads audio data from sound memory 129 according to the sound commands laid out in 

these packets. Then SPU 125 outputs the read-out audio data lo a speaker not shown. 

ATM communication unit 126 performs control (ATM communication control) ol' the 

communication llmt is done via, for example, transmission medium 2. Jn this way a video 
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game machine user can compete wilh other video game machine users hy exchanging 

data either directly or via data provisinn device l, a server on the Internet, or a so-called 

personal computer communications center. 

Auxiliary memory device 127 plays back information (programs, data) stored on 

recording medium 3 by, for example, a disk drive. Input device interface 128 consists of 

control pad l 28A for giving various input and interfac.c, and I 28B or I 28C, etc. for 

receiving external input such as images or audio played pack hy other devices; it out puts 

to sub hus 102 signals that re..~pnnd to input from outside. Sound memory 129 stores 

audio data. 

In user terminal 4 in Figure 3, reception/playback device 21 corresponds to ATM 

communication unit 126 and auxiliary memory device 127 of Figure 44, splilling database 

22 corresponds lo main memory 112 of Figure 44, geometry processing unit 23 

corresponds lo GTE 117 in Figure 44, sp1itting processing unit 24 and rendering unit 25 

correspond to GPU 115 in Figure 44, texture database 27 corresponds to texture memory 

143 in Figure 45, and input unit 28 corresponds to contro] pad 1.28A in Figure 44. 

Jn a game machine configured as described above, when the power to the device 

is turned on, by the hooting program being read from ROM 124 and executed in main 

CPU 111, programs and data are read by ATM communication unit 126 via transmission 

medium 2, or programs and data are read by auxiliary memory device 127 via recording 

medium 3, and arc expanded into main memory 112 -and sub memory 122. In main CPU 

1 ll or suh CPU 12·1, respectively, the program expanded inlo main memory :112 or sub 

memory 122 is executed, thereby playing hack the game images (here assumed lo he 
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moving images) and sound. 

Thal is, for example, jn main CPU 111 geometry processing is done on the 

splitting polygon data stored jn main memory 1.12, and is supplied to GPU 115 via niain 

bus 101. 

Upon receiving splitting polygon data from main CPU 111, GPU "115 splits it into 

suhpolygnns by pcrthrming tine split ting prncessing. OP{ r 115 also performs a 

perspective transformation on the subpolygons, aml.draws the tra1L'>formcd subpolygons 

to frame memory 141 using Z buffer 142. The results of drawing to frame memory ] 41 

arc appropriately read in GPU 115 and output as a video signal. In this way, lhrec­

dimcnsionnl images tllr the game arc displayed on, for example, display unit 26 (Figure 3) 

as a two-dimensional output device. 

Meanwhile, in sub CPU 121, sound commands that direct the generation of ;rndio 

are generated in accordance with the data stored in suh memory 122. These sound 

commands are packetized and supplied lo SPU 125 via sub bus J02. SPU 125 reads 

audio <lata from sound memory 129 and outputs il in accordance with the sound 

commands from sub CPU 121. In this way, background music for the game and other 

sounds are output. 

As described above, interpolated lines lbat interpolate between one vertex and 

another are determined from lhe coordinates of the vertices of a polygon and interpolation 

vectors al the vertices, and inlerpo1atcd points on the interpolated lines are dctcrmjncd as 

vertices of suhpolygons, so ii is possible to realize a smooth three-dimensional shape just 

hy given data on polygons that arc lo some extent rough. 
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Since a smooth three-dimensional shape can he rcaJizcd with data concerning 

rough polygons, that is, wilh a small amount of data, data can he cllicienlly stored and 

transmitted if three-dimensional images arc lo he provided on, for example, the World 

Wide Web (WWW), which has been constructed on the lnlcrnel. That is, the splitting 

polygon data can be provided to user terminal 4 using a relatively small-capacity 

transmission medium 2 or recording medium 3. 

From the standpoint of processing cJlicicncY. . .-in, lbr example, video game 

machines or other graphic systems in which real-time display of three-dimensional 

images is important, the processing of polygons can be minimized by finely dL~playing 

three-dimensional shapes that al'e near to the viewpoint and coarsely displaying thrce­

dimensional shapes that are far from the viewpoint. When doing so, the level of fineness 

(coarseness) of the three-dimensional shape, indicating how finely (or coarsely) the thrcc­

dimensional shape is lo be made, is known as its level of detail (LOD), and thrcc­

dimensional shapes of the appropriate fineness (coarseness) can he displayed hy 

determining according lo the level of detail the number of partitionings of polygons when 

fine splitting processing is to be done. 

If a three-dimensional shape composed of polygons is to be enlarged, the 

coarsening of the three-dimensional shape due to its enlargement can be prevented by 

doing fine partitioning and splitting the polygons into a number of subpolygons that 

depends on the enlargement ratio. Thal is, in this case, a three-dimensional shape of fixed 

smoothness can be presented regardless o[ the enlargement ratio. 

Also, because the splitting polygon data obtained hy splitting polygon data 
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gc,;111,;utl iu11 p11.11,..c1>1>i11g i111 ... lm.lc,.., tJ1., .,._;,._,rJinc1t..;.:f .:of the Yl.)l"licc:J of tho polyg(.)n:1 und !ho 

normal vectors al each polygon lhal arc convenlionally used for display of lhrcc­

dimcnsional images (the curved surface interpolation normal vector conventionally 

coincides with the nnrmal vector assigned lo a vertex), this data can be handled even on 

an existing low-speed video game machine or other graphics syslem, and lhrce­

climcnsiona I shapes can he displayed, although they will be coarse. 

Since the quantity of splitting polygon data i~-s1ii~ll, the amount of calculation in 

geometry processing and the like can he kept small by making sure that geometry 

processing for deformation or rotation of a three-dimensional shape, as well as the 

processing up lo just before division hy the Z value for perspective transli.mnation 

(perspective division), arc done prior to doing fine splitting processing, and hy carrying 

out division hy the Z value fbr perspective transformation on lhc subpolygons thal arc 

obtained after fine splilling processing. 

Also, in this embodiment it is considered ideal for an interpolated line to he equal 

to the arc of a circ.le or ellipse that passes through the two points intcrpoJatcd by the 

interpolated line, and because such interpolated Jines arc determined, polygons that 

constitute a sphere, body of revolution, or similar shape can be represented with a smaller _ 

quantity of data than, for example, the case in which a sphere, body o[ revolution, or 

similar shape is represented by spline curves or Bezier curves. 

The t<negoing discussion concerns data provision systems or video game 

machines to which this invention applies, hul I his invention also is applicable lo devices 

that pcrfol'm computer graphics processing, such as effectors that give special effecl.s tu 
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images, or CJ\.D. Moreover, this invention is also applicable to, for example, a recording 

and playback device or lransmission device that encodes natural iniagcs lakcn with a 

video camera and records and plays hack or transmits and receives. Thal is, splitting 

polygon data generation processing can be applied to encoding processing so as lo 

represent with polygons a natural image taken by a video camera or similar device, and 

line spli11ing processing can he applied to decoding processing in which splitting polygon 

data obtained by such encoding is d~coded into the .origl~al natural image. 

This invention is applicable to drawing either moving images or still images. 

This embodiment deals with three-dimensional graphics, but this jnvention is also 

applicctblc lo, for example, two-dimcnsionctl graphics as well. That is, the present 

invention makes it easy lo draw circles and cJlipscs just by prescribing, for example, a few 

points (al least two) by which an arc of a circle or ellipse can he formed, along with 

intcrpoJation vectors at these points. Since the cmvaturc of curves obtained in this way 

varies smoothly as is evident from Pigurc 10 through Figure 13, it is possible to obtain 

curves that vary smoothly. 

The number of partitions of polygons by fine splitting processing, besides being 

determined according to the level of detail or the enlargement ratio as discussed above, 

can be determined, fur example, according to the processing capacity of the hardware that 

performs the fine spJiUing processing, or randomly using a random number. If the 

number of partitions of polygons is determined according to the processing capacity of 

the hardware that performs the fine splitting processing, one can display a three~ 

dimensional shape of a smoothness appropriate to ils processing capacity. If the number 
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of partitions of polygons is determined randomJy, lhe pallern that appears on lhc surface 

of a three-dimensional shape (the pattern composed hy the houndary Jines between 

polygons) can he varied randomly. 

Also, in this embodiment it is considered ideal for an interpolated line to he equal 

to the arc of a circJe or ellipse that passes through the two points interpolated hy the 

in1crpnlatcd line, hut an intcrpnla1ed line is not limited to this. Thal is, an interpolated line 

may be determined so as lo minimize. the square emu with the curve, (frame line) along 

the three-dimensional shape to be realized, that passes through the two points that the 

interpolated line interpolates between. 

In this embodiment, cos(}' is approximated as shown in equation (10), but cos 8 ' 

may also be determined accurately, without performing such an approximation. Also, in 

this embodiment lhc detcrminatjon is made by calculating the control edge length ratios 

Lt /K and Lz/K of the third-order Dczicr curve from (J 1 and (-) z, hut in order to speed up 

this calculation, one may first prepare n correspondence I.able that discrelizcs from ( 0 1• 

8 2) to (L1/K, l.'2/K), and determine Lt/K,. L2/K using this correspondence tahle. 

Also, this embodiment adopts third-order Bezicr curves as interpolated lines, but 

the interpolated lines may be Bezier curves of order other than three, or parametric curves 

other than Bezier curves. 

If the three-dimensional shape composed by subpolygons obtained by fine 

splitting processing is allowed to be an arbitrary shape, then it suffices lo have only 

curved surface interpolation normal vectors as the interpolation vectors, with no need for 

frame line interpolation normal vectors. 
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Also, this cmhodi1m:nt adopts normal vectors of frame lines as vectors that 

express the direction of !he frame line al a vertex, hut as veclors that express the direction 

nf the frame line al a vertex one may also adopl tangent vectors of the frame line, as stated 

ahove. Bui because this tangent vector differs in its orientation by ju.st 90 degrees from 

the normal vector of the frame line, it nflcn differs from the curved surface interpolation 

single vector, thus increasing the llUllI~lity o[ data in_Jhe· .s'plilling polygon data. 

A computer program for performing !he above-described fine splitting processing 

can he provided, along with the splitting polygon data, lo user terminal 4 via transmission 

medium 2 or recording medium 3. Similarly, a computer program for performing line 

splitting processing or splitting polygon tfala generation proce::;sing can he provided lo 

dala provision device ·1 via optical disk, oplomagnetic disk, or other recording medium, or 

may be provided via lnternel, satellite circuit, or other transmission medium. 

Splitting polygon data generation processing or fine splitting processing, besides 

being done by having a processor execute a computer program, may be done on dedicated 

hardware. 

In this embodiment, the thrce~dimensional image is displayed on display unit 16 

(display unit 26), which L, a CRT, liquid crystal display, or the like, but this invention also 

applies to cases in which, for example, the three-dimensional image is printed by a printer 

(two-dimensional outpul device). 

To summarize the effects of the prci>cnl invention il should be noled thal with the 

image processing device image processing melhod and program distribution medium of 
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the pre.sent invention, interpolated Jines which arc lines that interpolate between two 

vertices arc determined from interpolation vectors used for determining lines that 

interpolate bclwecn a given vertex and another vertex in the vertices of a unit graphic 

form, and from the coordinates of the vertices, and intcrpolHtcd points which arc points on 

interpolated Jines arc determined as vertices of suh-unil graphic forms. Therefore, for 

i:X:arnpk, sub unit graphic forms that ~on.stilulc a smooth shape can he ohtai11cd from 

rough unit graphic forms. 

The image processing device splits a unit graphic form into multiple sub-unit 

graphic forms by processing an image defined by a combination of unit graphic forms, 

and has an interpolated line computation means (for example, program processing steps 

S31 through S35 in Figure 34, or program processing steps S4J through S45 in Figure 35) 

which determines the interpolated line that is the line that inlcrpolatcs between two 

vertices from the interpolation vector used for determining the line that interpolates 

between a given vertex and another vertex in the vertices of the unit graphic forms and 

from lhe coordinates of the vertices, and an interpolated point computation means (for 

example, program processing step S36 in J:tlgurc 34, or program processing steps S46 in 

Figure 35) that determines, as the vertices of sub-unit graphic forms, interpolated points 

that are points on an interpolated line. 

The image processing device further has an interpolation vector computation 

means (lbr example, program processing step S36 in Figure 34) that determines the 

interpolation vectors nl interpolated point.son interpolated line 1 from interpolation 

vectors at vertices 1 and 2 and dctcrmine.s inlerpolation vectors at inlcrpolatcd points on 

·~.J''••·> 
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interpolated line 2 from interpolation vectors al vertices 3 and 4, and the interpolated line 

computation means determines interpolated line 5 from interpolation vectors al 

interpolated points on inlerpnlatcd lines ] and 2 and from the coordinates of the 

interpolated points. 

That image processing device forthcr comprises an interpolation vector 

rnmp11tntinn means (l'or C'Xample, program prcwes'iing step S16 in Figure 14) which 

determines, from interpo1ation vcctdrs at the vertices-, the intcrpo1ation vector to be used 

for determining the line that interpolates between one interpolated point and another 

interpolated point among the interpolated points. 

The image processing device of that cmlmdimcnl further comprises a correct ion 

means (for example, program processing step S37 in Figure 34) that corrects the 

interpolation vector al m1 interpolated point determined hy the interpolation vcclor 

computation means. 

If the image is a three-dimensional image the image processing device has a 

rendering means (for example, rendering unit 25 in Figure 3) that renders sub-unit graphic 

forms. 

With the image being a three-dimensional image, the interpolated line 

computation means has an angle computation means (for example, program processing 

steps S31 through S33 in Figure 34) which determines angle 1or2 formed by the straight 

line that joins one vertex and another vertex interpolated by an interpolated line, which is 

a Bczicr curve, and each projection of lhe straight line oni-o a plane perpendicular to the 

interpolation vcclor at Lhc one vertex or other vertex, which is a plane that includes the 
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one vertex or the other vertex; a distance computation means (for example, program 

processing step S34 in Figure 34) that determines, hased on angles land 2, a control edge 

length 1 or 2, which is the distance from the one vertex or the other vertex to control point 

1 or 2 of the Bezier curve; and a Bczier curve computation means (for example, program 

processing step S35 in Figure 34) that determines the Bczier curve as the interpolated line 

that inl~rpolatcs hetwecn the nne vertex and the other vertex hy dcterminin~, hascd on 

control edge length 1 or 2, each control point 1 and_2. ·· ' 

If the coordinates of the vertices of the unit graphic forms and the interpolation 

vectors arc recorded on a recording medium, the device further has a playback means (for 

cxamp1e, reception/playback device 21 in Figure 3) thal. plays hack from the recording 

medium the coordinates of the vertices and the interpofatinn vectors. 

If the coordinates of the vertices of the unit graphic forms and the interpolation 

vectors arc transmitted via a transmission route, it further has a reception means (for 

example, reception/playback device 21 in Figure 3) that receives the coordinates of the 

vertices and the interpolation vectors that arc transmitted via the transmission route. 

If the image is a three-dimensional image, and the device further comprises an 

operation means (for example, input unit 28 in Figure 3) that is operated when a 

prescribed input is given, a geometry processing means (for example, geometry 

processing unit 23 in Figure 3) that reads data concerning unit graphic forms from a 

recording medium and performs geometry processing on the data in accordance with the 

input from the opera I ion means, a conversion means (for example, rendering unit 25 in 

Figure 3) that converts sub-unit graphic forms obtained by splitting the unil graphic forms 
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resulting after said geometry processing into ones in the coordinate system of a two­

dimensional output device, and a rendering means (lbr example, n::ndcring unit 25 in 

Figure 3) I hat renders the suh-unit graphic forms converted hy the conversion means. 

With the image processing device the image processing method and the program 

distribution medium or another embodiment of the present invention as described above, 

interpolation vcclnrs are genl'rnted which arc used for determining interpolated lines that 

are lines which interpolate between a given vertex and another vertex in the vertices of a 

unit graphic form input by an operation means being operated. Therefore, for example, 

smooth shapes can be constituted hy using these interpolation vectors. 

This image processing device, which is im image processing device that 

processes images defined hy a combination of unil graphic forms, includes an operation 

means (for example, inpu1 unit 11 in Figure 2) that is operated when unit graphic l(>rms 

arc input; an interpolation vector generation means (for example, data processing unit 

.12 in Figure 2) that generates interpolation vectors used for determining the interpolated 

line that is the line that interpolates between a given vertex and another vertex in the 

vertices of the unit graphic forms that are input by operation of the operation means; 

and~ provision means (for example, transmission/recording device 18 in Figure 2) for 

providing the coordinates of the vertices of the unit graphic forms and the interpolation 

vectors. 

The image processing device of another embodiment further includes a splitting 

means (for example, splitting processing unit 14 in Figure 2) that splits a unit graphic 

form inlo mulliplc suh-unil graphic forms based on the coordinates or lhc vertices and the 
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interpolation vectors, and a rendering means (for example, rendering unil 15 in Figure 2) 

that renders the sub-unit graphic forms. The splitting means includes an inlerpolatcd line 

computation means (for example, program pmcessing steps S31 t·hrough S35 in Figure 34, 

or program processing steps S41 through S45 in Figure 35) that determines inlcrpolated 

lines based on the coordinates of the vertices and the interpolation vectors, and an 

in1c:rpol:llcd point comp11la1ion means (fnr example, program processing step S16 in 

-·~ 

Figure 34, or program processing step, S46 in Figurc . .35) that determines, as the vertices of 

the sub-unit graphic forms, interpolated points that arc points along the interpolated lines. 

The sp1illing means forthcr has an interpolation vector computation means (for example, 

program procc,~ing step S36 in Figure 34) that determines, from the interpolation vectors 

at the vertices, interpolation vcclor.s to be used for determining the line that interpolates 

hetween a given interpolated point and another interpolated point among lhc interpolated 

poinls. The splitting means fort her has a correction means (for example, program 

processing step S37 in Figure 34) that corrects the interpolation vectors at interpolated 

points determined by the interpolation vector computation means. 

With the data dL4itribulion medium of the present invention there are provided at 

least, as data concerning the image, the coordinates of the vertices and interpolation 

vectors at the vertices that are obtained by generating interpolation vectors used for 

determining interpolated lines that are Jines that interpolate between a given vertex and 

another vertex in the vertices of a unit graphic form if the unit graphic lbrm is input. 

Therefore, for example, smooth shapes can he constituted hy using these interpolation 

veclors and the coordinates of the vertices. 
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With the image processing device of yet another embodiment of this invention as 

described above, interpolation vectors arc generated which arc used frir delcrmining 

interpolated lines which arc lines that interpolate between a given vector and another 

vector in lhe vertices of a unit graphic lbrm input by an operalion means being operated. 

The interpolated lines arc determined from lhe coordinates of the vertices and the 

intt~rpnlatinn vcelnrs nl'thc unit gntphic 1l1rms, and the interpolated pninls that arc points 

on interpolated lines arc determined as sub-unit grapJ.1ic· forms. Therefore, for example, 

sub-unit graphic forms that constitute smooth shapes can be obtained from rough unit 

graphic forms. 

The image processing device of this yet another embodiment has a provision 

device that provides data concerning images and a client device that receives data from 

the provision device and splits unit graphic forms into mulliplc sub-unit graphic limns; 

the provision device has an operalion means (for example, input unit 11 in Figure 2) that 

is operated when unit graphic forms are input, an interpolation vector generation means 

(for example, data processing unit 12 in Figure 2) that generates interpolation vectors 

used for determining the interpolated line that is the line that intcrpo1ates between a given 

vertex and another vertex among the vertices of the unit graphic forms input by operation 

of the operation means, and a provision means (for example, transmission/recording 

device 18 in Figure 2) that provides lo the client terminal the coordinates of the vertices of 

unit graphic forms and the interpolation vectors; and the client device has an interpolated 

line computation means (for example, splitting processing unit 24 in rigurc 3) that 

determines interpolated lines from the coordinates of the vertices of unit graphic forms 
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and interpolation vectors, an interpolated point compul<1tion means (for example, splitting 

processing unit 24 in Figure 3) that determines, as the vertices of the sub-unit graphic 

forms, interpolated points that arc points along the interpolated lines, a conversion means 

(fi.u example, rendering unit 25 in Figure 3) that converts sub-unit graphic forms into ones 

in the coordinate system of a two-dimensional output device, and a rendering means (for 

t>x:11np1c, rendering 11nil ?.'i in Figure 1) that renders the s11h-unit graphic forms converted 

by the conversion means. . ... ~ 
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CLAIMS 

Whal is claimed is: 

l. An image processing device w hkh by processing an image defined by a 

combination of unit graphic ltnms splits said unit graphic forms into multiple sub-unit 

graphic· forms, 

.·~ 

the image processing device comprising: .. ~ 

an interpolated line computation means for determining an interpolated line 

which is the line that interpolates a space between two vertices from an interpolation 

vector used for determining a line tlrnt interpolates a space between a given vertex and 

another vertex of vertices of said unit graphic l'tm_ns and from coordinates of said 

vertices; and 

an interpolated point computation means for determining as vertices of said sub-

unit graphic forms, interpolated points which are points on said interpolated line. 

2. The image processing device as described in claim 1 wherein: 

if a unit graphic form has VC?rticcs 1. through 4, a line segment which joins 

vcrlices 1 and 2 of said vertices l through 4 and a line segment lhat joins vertices 3 and 

4 of said vertices 1 through 4 lie opposite each other, and a line segment which joins 

said vertices 1 and 3 and a line segment that joins said vertices 2 and 4 lie opposite each 

other; 

said interpolated line computation means determines an interpolated line 1 

which interpolate:.; a space between said vertices l nnd 2, an inlerpi.l}atcd line 2 which 
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interpolates said vertices 3 and 4, an interpolated line 3 which inlerpolalcs a space 

between said vertices 1 and 3, and an interpolated line 4 which interpolates said vcrt ices 

2 and 4, and also determines an interpolated line 5 which interpolates a space hctwccn 

an interpolated point on said interpolated line 1. and an interpolated point on said 

interpolated line 2; and 

said inlcrpola1cd point computation means dcl"crmines inlcqmlHlcd points on 

said interpolated Jines 1 through 5 as vertices of sai<l:sui)-unit graphic forms. 

3. The image processing device as described in claim 2, and further comprising: 

an interpolation vector computation means for determining said interpolation 

vectors at interpolated poinls on said interpolated Jinc l from said interpolation vectors 

al said vertices L and 2 and determining said interpolation vectors at interpolated points 

on said interpolated line 2 from said interpolation vectors at said vertices 3 and 4; 

wherein 

said interpolated line computaHon means determines said interpolated line 5 

from said interpolation vectors at interpolated points on said interpolated Jines 1 and 2 

and from coordinates of the interpolated points. 

4. The image processing device as described in claim 3, wherein 

said interpolation vectors at vertices 1 through 4 of said unit graphic forms are 

normal-direclion normal vectors of a shape lo be produced by said unit graphic forms. 

5. The image processing device as described in claim 3, wherein 

said intcrpolatinn veclors at vertices 1 through 4 of said unit graphic forms are 

vectors which define H direction at said vertices 1 through 4 or each said intcrpolaled 
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line which passes through said vertex 1 through 4, respectively. 

6. The image processing device as described in claim 4, wherein 

said interpolation vectors al vertices I through 4 of said unit graphic forms 

further include, in addition to said normal vectors, interpolated line direction vectors 

which define a direction al said vertices 1 through 4 of each said interpolaled line which 

pa<:st~<: 1 hrn11gh sn id ver1t·x I I hrnugh ti, rc.-:pce1 ivdy 

7. The image processing device.as dcscrihc<.I in.clai1n 6, wherein 

said interpolated line computation means detern~ines said interpolated lines l 

through 4 using said interpolated line direction vectors, and 

said interpolation vector compulalio11 means determines said interpolation 

vectors at interpolated points on said interpolated lines 1 and 2 using said normal 

vectors. 

8. The image processing device as described in claim 2, wherein 

any one set of vertices among said vertices 1. and 2, said vertices 3 and 4, said 

vertices 1 and 3, or said vertices 2 and 4 is the same set of vertices. 

9. The image processing device as described in claim 1, wherein 

said interpolation vectors at vertices of said unit graphic forms arc normal-

direction normal vectors of a shape to be produced by said unit graphic forms. 

10. The image processing device as described in claim 9, wherein 

said interpolation vectors al the vertices of said unit graphic forms further 

include, in addition lo said normal vectors, vectors which define a direction of said 

interpolated lines at said vertices. 



-----------------------------------.----

82 I lflll~ 1111~ 11~1111(11/ If JI 

J 1. The image processing device as described in claim 1, 

~mid interpolation vectors at the vertices of said unit graphic forms arc 

intcrpolalcd line dircclion vcclors which define directions of said inlcrpolalcd lines al 

said vertices. 

12. The image processing device as described in claim 11, wherein 

segment which joins said vertex and-another vertex in ~1 prescribed plane which includes 

said vertex, said interpolated line direction vectors arc normal-direction vectors in said 

prescribed plane. 

13. The image processing device as described in claim 11 wherein 

said inlcrpo1atcd line direction vectors arc vectors which define a tangent 

direction of said interpolated lines al said vertices. 

:I 4. The image processing device as described in claim J and furl her comprising: 

an interpolation vector computation means for determining from interpolation 

vectors at said verlices, an interpolation vector to b~ used for determining the line which 

interpolates the space between a given interpolated point and another interpoJated point 

of said interpolated points. 

15. The image processing device as described in claim 14, wherein 

when a ratio of va1ues corresponding to a distance from said interpolated point 

between one vertex and another vertex to one of said one vertex and the other vertex, 

respectively, is denoted by 1:-1-1, 

said interpolation vector computalion means determines as the interpolation 
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vector at said intcrpnlatcd point the result corresponding lo the sum of (.l-t) times the 

interpolation vector al said one vertex plus t limes the interpolation veclor al said other 

vertex. 

16. The image processing device as described in claim 15, and further comprising: 

a correction means for correcting the interpolation vector at said interpolated 

pnint cktt'rminccl hy said intcrpnlatinn vector c:ompntation means. 

17. The image processing device.as described in.-elaint 1.6, wherein said correction 

means determines the vector product of the interpolation vector at said interpolated 

point determined by said interpoJalion vector computation means and a tangent-

direction tangent vector of said interpolated Jine al said interpolated point, determines 

the vector product of said vector product and said tangent vector, and takes a resulting 

vector as a post-corrcclion interpolation vector at said intcrpulated·poinl. 

18. The image processing device as described in claim "17, wherein said image is a 

three-dimensional image, and the image processing device forthcr comprises a 

rendering means fur rendering said sub-unit graphic forms. 

19. The image processing device as described in claim 18, wherein said rendering 

means performs shading based on said post-correclion interpolation vector. 

20. The image processing device as described in claim 11, wherein said interpolated 

Jine is a Bezier curve. 

21. The image processing device as described in claim 20, wherein: 

said image is a three-dimensional image; and 

said interpolated line computation means includes: 
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an angle computation means for determining an angle I or 2 formed hy a 

straight line which joins om: vertex and another vertex interpolated hy said interpolated 

line, which is said Bezier curve, and each projection of the straight line onto a plane 

perpendicular to lhc interpolation vector at said one vertex or other vertex, which is a 

plane that includes said one vertex or other vertex, 

a dislant·t· cnmpu1a1ion means l~1r Lldl,;rmiuiug? bm;l:J uu said angks 1 and 2, a 

control edge length 1 or 2, which is° a distance from ·Said one vertex or other vertex to a 

conlro) point 1 or 2 of said Bczicr curve, and 

a Bczier curve computation means for determining said Bezier curve us the 

interpolated line which interpolates the space between said c>ne vertex and other vertex 

by determining, based on said control edge length l or 2, each said control point l and 2. 

22. The image processing device as described in claim 1, wherein 

if the coordinates of the vertices of said unit graphic l'Clrms and the interpolation 

vectors arc recorded on a recording medium, the image processing device further 

comprises a playback means for playing hack from the recording medium the 

coordinates of said vertices and the interpolation vectors. 

23. The image processing device as described in claim 1, wherein 

if the coordinates of the vertices of said unit graphic forms and the interpolation 

vectors arc transmilled via a transmission route, the image processing device further 

com1)riscs a reception means for receiving the coordinates of said vertices and the 

interpolation vectors transmitted via the transmission route. 

24. The image processing device as described in claim 1, wherein 
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said image is a three-dimensional •magc, and the image processing device 

further comprising: 

an opcrntion means which is operated when a prescribed input is given; 

a geometry processing means l<.lr reading data concerning said unil graphic 

forms from a recording medium and performing with respect to lhe data, geometry 

prnc:essing that corn::.spunc.Js Lo input frum saiu operation 111ca11.s, 

a conversion means for converting said sub-unit" graphic forms obtained by 

.splitting said unit graphic forms resulting after said geometry processing into ones in the 

coordinate system of a 

1 wo-dimen.sional output device, and 

a rendering means for rendering .said sub-unit graphic forms converted hy said 

conversion means. 

25. An image processing method for an image processing device which hy 

processing an image defined by a combination of unit graphic frmus, splits said unit 

graphic forms into multiple sub-unit graphic forms, 

the image processing method comprising: 

an interpoJatcd line computation step of determining an intcrpoJated line which 

is a line that interpolates a space between two vertices from an interpolation vector used 

for determining a line that interpolates a space between a given vertex and another 

vertex of vertices of said unit graphic forms and from coordinates of said vertices; and 

an interpolated point computation step ol' determining, as the vertices of said 

suh-unil graphic forms, interpolated points which arc pojnts on said interpolated line. 
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26. The image processing method as described in claim 25, wherein 

if a unit graphic form has vertices 1 thrnugh 4, a line segment which joins 

vertices 1 and 2 or said vertices 1 through 4 and a line segment that joins vertices 3 and 

4 of said vertices 1 through 4 lie opposite each other, and a line segment that joins said 

vertices .1 and 3 and a line segment that joins said vertices 2 and 4 1ic opposite each 

ulhcr, 

said interpolated line computation step determines an interpolated line 1. that 

interpolates a space between said vertices l and 2, an interpolated line 2 that 

interpolates said vertices 3 and 4, an interpolated line 3 that interpolates the space 

hctwccn said vertices 1 and 3, and an interpolated line 4 that interpolates said vertices 2 

and 4, and also determines an interpolated line 5 that interpolates a space hctwcen an 

interpolated point on said interpolated line l and an interpolated point on said 

interpolated line 2, and 

said interpolated point computation step determines the interpolated points on 

said interpolated lines 1 through 5 as vertices of said sub-unit graphic forms. 

27. The image processing method as described in claim 26 and further comprising: 

an interpolation vector computation step of determining said interpolation vector 

al interpolated points on said interpolated line 1 from said interpolation vector at said 

verlices 1and2 and determining said interpolation vector at interpolated points on said 

interpolated line 2 from said interpolation vector al said vertices 3 and 4, and wherein 

:mid intcrpolalcd line computation step determines said interpolated line 5 from 

said interpolation vector at interpolated poinls on said interpolated lines 1 and 2 and 
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from Cl)ordinates of the interpolated points. 

28. The image processing method as described in claim 27, wherein: 

said interpolation vectors al vertices 1 through 4 of said unit graphic forms arc 

normal-direction normal vectors of a shape to he produced by said unit graphic forms. 

29. The image processing method as described in claim 27, wherein: 

said i11Lerpulaliu11 \'t:clurs at vertk:c.s l through 4 of said unit graphic forms arc 

·' 
vectors which define the direction al said vertices :I through 4 of each said interpolated 

line which passes through said vertices 1 through 4, respective1y. 

30. The image processing method as described in claim 28, wherein: 

said interpolation vectors at vertices 1 through 4 of said unit graphic frirms 

further include, in addition to said normal vectors, interpolated line direction vectors 

which define a direction al said vertices 1 through 4 of each said interpolated line lhal 

passes through said vertices l through 4, respectively. 

31. The image processing method as described in claim 30, wherein: 

said interpolated Jine computation step determines said interpolated Jines l 

through 4 using said intcrpo]ated line direction vectors, and 

said interpolation vector computation step determines said interpolation vectors 

at interpolated points on said interpolated lines 1 and 2 using said normal vectors. 

32. The image processing method as described in claim 26, wherein: 

any one set of vertices among said vertices 1 and 2, said vertices 3 and 4, said 

vertices 1 and 3, or said vertices 2 and 4 arc the same vertices. 

33. The image processing method as described in claim 25, wherein: 
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said interpolation vectors al vertices of said unit graphic forms arc normal-

direction normal vectors of the shape to he realized by said unit graphic forms. 

34. The image processing method as described in claim 33, wherein: 

said interpolation vectors al the vcrlices of said unit graphic forms further 

include, in addition lo said normal vectors, vectors which define directions of saic.1 

iulc;rpulctlc;J liuc.s al saiJ vc:rl icc:.s. 

.. 
35. The image processing method as described in claim 25, wherein: 

said interpolation vectors at the vertices of said unit graphic forms arc 

interpolated line direction vectors which dclinc directions of said intcrpolalcd lines al 

said vertices. 

36. The image processing melhod as described in claim 35, wherein 

if, in a prescribed plane that includes said verlices, said interpolated line is 

touched by a line onto which is projected a line segment thal joins a given vertex and 

another vertex, said interpolated line direction vcclors arc normal-direction vectors in 

said prescribed plane. 

37. The image processing method as described in claim 35, wherein 

said interpolated line direction vectors are vectors that express the tangent 

direction of said interpolated lines at said vertices. 

38. The image processing method as described in claim 25, and further comprising: 

an interpolation vector computation step of determining, from inlerpolation 

vectors at said vertices, the interpolation vector lo be used for dclcnnining a line that 

interpolates the space between a given interpolated point and another interpolated point 
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in said interpolated points . 

.39. The image processing method as described in claim 3R, wherein 

when the rntio of values conesponding to a distance from said interpolated point 

between one vertex and another vertex lo said one vertex or lo the other vertex, 

respectively, is denoted by t:l-l, 

:-iuiJ iul1.;rpofotiu11 Vi,;i,;fUf wmpulali<lfl Sl1.:p Ucl~_rn1i11cs as the inlcrpoJation VCt.:lOf 

at said interpolated point a result corresponding to tlfo sum of (1-t) times the 

interpolation vector at said one vertex plus t times the interpolation vector at said other 

vertex. 

40. The image processing method as described in claim 39, and further comprising: 

a correction step of correcting the interpolation vector at said interpolated point 

determined by said interpolation vector computation step. 

41. The image processing method as described in claim 40, wherein 

said correction step 

determines a vector product of the inlerpl))ation vector at. said interpolated point 

determined by said interpolation vector computation step and a tangent-direction 

tangent vector of said interpolated line at said interpolated point, 

determines the vector product of said vector product and said tangent vector, and 

lakes the resulting vector as a post-correction interpolation vector at said 

interpolated point. 

42. The image processing method as described in cfaim 41, wherein 

said image is a three-dimensional image, and further comprising 
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a rendering step of rendering said suh-unit graphic fr.mus. 

43. The image processing method as described in claim 42, wherein 

said rendering step performs shading based on said post-correction interpolation 

vector. 

44. The image processing method as described in claim 25, wherein 

s;1iJ intJ,;rpulalcd liuc is a l3czkr curve. 

45. The image processing meth~>d as described in claim 44. wherein 

said image is a three-dimensional image, and wherein 

said interpolated line computation step includes: 

an angle computation step of determining an angle 1 or 2 formed by a straight 

line that _joins one vertex and another vertex interpolated by said interpolated line, 

which is said Bczicr curve, and each projection of the straight line onto a plane 

perpendicular to the interpo1ation vector al said one vertex or other vertex, which is a 

plane that includes said one vertex or other vertex, 

a distance computation step of determining, based on said angles 1 and 2, a 

control edge length 1 or 2, which is the distance from said one vertex or other vertex to 

control point 1 or 2 of said Bezier curve, and 

a Bezier curve computation step of determining said Bezier curve as the 

interpolated line that interpolat·es the space between said one vertex and other vertex by 

delcrmining, based on said control edge length l or 2, each said control poinl 1 and 2. 

46. The image processing method as described in claim 25, wherein 

if the coordinates of the vertices of said unit graphic forms and the interpolation 
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veclors arc recorded on a recording medium, the image processing method further 

comprises a playback slcp of playing hack from lhc rccorc.ling medium lhc coordinates 

of said vertices and the interpolation vectors. 

47. The image processing metl1od as described in claim 25, wherein 

if the coordinates of the vertices of said unit graphic forms and the interpolation 

Vl;durs an; lrnnsmillcd via a transmission route, the i.-_nage processing method furlhcr 

comprises a rccept ion step of receiving the coordinates of said vertices and the 

interpolation vectors transmitlcd via the transmission route. 

48. The image processing method as described in claim 25, wherein 

said image is a three-dimensional image, and 

said image processing device includes an opernlion means which is operated 

when a prescribed input is given, and 

the image processing method further comprising: 

a geometry processing step of reading data concerning said unit graphic forms 

from a recording medium and performing with respect to the data, geometry processing 

that corresponds to input from said operation means, 

a conversion step of converting said sub-unit graphic forms obtained by splitting 

said unit graphic forms resulling after said geometry processing into ones in tbe 

coordinate system of a two-dimensional output device, and 

a rendering step of rendering said suh-unit graphic limns converted by said 

conversion step. 

49. A program distribulion medium for providing a computer program to cause a 
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computer lo do processing that, hy processing an image defined by a comhinalion of 

unit graphic frmns, splits said unit graphic frirms into multiple sub-unit graphic forms, 

said computer program comprising: 

an interpolated line computation step that determines the interpolated line that is 

the line that interpolates a space between two vertices from an intcrpoJalion vector used 

fur di.:tcnuiniug the: lint: thal interpolates a space bctw~e1ut given vertex and another 

vertex of the vertices of said unit graphic forms and-From coordinates of said vertices, 

and 

an interpolated point computation step that determines, as the vertices of said 

sub-unit graphic forms, inlcrpolalcd points that arc points on said inlcrpolatcd line. 

50. The program distribution medium as described in claim 4CJ, wherein 

if a unit graphic form has vertices 1 through 4, a line segment which joins 

vertices 1 and 2 of said vertices 1 through 4 and a line segment that joins vertices 3 and 

4 of said vertices 1 through 4 lie opposite each other, and a line segment that joins said 

vertices l and 3 and the line segment that joins said vertices 2 and 4 lie opposite each 

other, 

said interpolated line computation step determines an interpolated line 1 that 

interpolates a space between said vertices 1 and 2, an interpolated Une 2 that 

interpolates said vertices 3 and 4, an interpolated line 3 that interpolates a space 

between said vertices l and 3, and an intcrpo1atcd line 4 that interpolates said vertices 2 

and 4, and also determines an interpolated line 5 that interpolates a space between an 

interpolated point on said interpolated line 1 and an interpolated point on said 
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intcrpCllatcd line 2, and 

said interpolated point computation step determines the interpolated points on 

said intcrpolalcd lines 1 through 5 as vertices of said suh-unit graphic forms. 

51.. The program distribution medium as described in claim 50, wherein 

said computer program further comprises an interpolation vector computation 

.slcp lhal dclcnnincs said intcrpofalion vector at inlcrpolal~d points on saill inlcrpolalcd 

line I from said interpolation vector at said vertices 1 and 2 and determines said 

interpolation vector at interpolated points on said interpolated line 2 from said 

interpolation vector at said vertices 3 and 4, and 

.said interpolated line computation step determines .said inlerpoJated line 5 from 

said interpolation vector al interpolated points on said interpolated lines 1 and 2 and 

from the coordinates of the interpolated points. 

52. The program distribution medium as described in claim 51, wherein 

said interpolation vectors al vertices 1 through 4 of said unit graphic forms arc 

normal-direction normnl vectors of the shape to be realized by said unit graphic forms. 

53. The program distribution medium as described in claim 51, wherein 

said interpolation vectors at vertices 1 through 4 of said unit graphic forms are 

vectors which define the direction al said vertices 1 through 4 of each said interpolated 

line that passes through said vertices l through 4, respectively. 

54. The program distribution medium as described in claim 52, wherein 

said interpolation vectors al vertices 1 through 4 of said unil graphic forms 

further include, in addilion lo said normal vectors, interpolated line direction vectors 
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which define a direction al. said vertices 1 through 4 of each said interpolated line that 

passes through saic.J vertices l through 4, respectively. 

55. The program distribution medium as described in claim 54, whc::rcin 

said interpolated .line computation step determines said interpolated lines "I 

through 4 using said interpolated line direction vectors, and 

said inlcrpolalion vn:lor co111pulalion slep determines said interpnlali11n vi.;clor.-; 
·' ·.• 

at interpolated points on said interpolated Jines 1 and 2 using said normal vectors. 

56. The program distribution medium as described in claim 50, wherein 

any one set of vertices among said vertices 1 and 2, said vertices 3 and 4, said 

vertices 1 and 3, or said vertices 2 and 4 are the same vertices. 

57. The program distribution medium as described in claim 49, wherein 

said interpolation vectors al vertices of said unit graphic forms are normal-

direction normal vectors of the shape to he produced by said unit graphic forms. 

58. The program distribution medium as described in claim 57, wherein 

said interpolation vectors at the vertices of said unit graphic forms further 

include, in addition to said normal vectors, vectors which define a direction of said 

interpolated lines al 

said vertices. 

59. The program distribution medium as described in claim 49, wherein 

.said interpolation vectors at the vertices of said unit graphic forms arc 

interpolated line direction vectors which dclinc a dircclion of said interpolated lines al 

said vertices. 

1 t!::I" I a 
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60. The program distribution medium as described in claim 59, wherein 

it: in a prescribed plane that includes said vertices, said interpolated line is 

touched hy a line onto which is projected a line segment which joins a given vertex and 

another vertex, said interpolated line direction vectors arc normal-direction vectors in 

said prescribed plane. 

(d. Tl11.; progra111 di.slribuliuu mcdium as dc.st.:rihe(~ in claim 59, wherein 

said interpolated line direction vectors arc vcfaors which delinc a tangent 

direction of said interpolated lines at said vertices. 

62. The program distribution medium as described in claim 49, wherein 

said computer program further includes an interpolation vector compulation step 

that determines, from interpolation vectors at said vertices, the interpolation vector to he 

used for determining lhc line that interpolates the space between a given interpolated 

point and another interpolated point in said interpolated points. 

63. The program distribution medium as described in claim 62, wherein 

when a ratio of the values corresponding lo a distance from said interpolated 

point between one vertex and another vertex to said one vertex or to the other vertex, 

respectively, is denoted by t:lMt, 

said interpolation vector computation step determines as the interpolation vector 

at said interpolated point tbe result corresponding to the sum of (l~t) times the 

interpolation vector at said one vertex plus t times the interpolation vector at said other 

vertex. 

64. The program distrihution medium as described in claim 63, wherein 
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said computer program further includes a corredion step that corrects the 

interpolation vector al said intcrpoh1ted point determined by said interpolation vector 

computation step. 

65. The program distribution medium as described in cJaim 64, wherein 

said correction step 

dctc;rmincs a vcc;tor prodm.:t of the interpolation vector at said inlcrpolah:d point 

determined by said interpolation vector computation'·step amt a tangent-direction 

tangent vector of said interpolated line at said interpo1ated point, 

determines the vector product of said vector product and said tangent vector, and 

lakes the resulting vector as a post-correction interpolation vector at said 

interpolated point. 

66. The program distribution medium as described in claim 65, wherein 

said image is a thrcc-c.limcnsional image, and 

said program further includes a rendering step that renders said sub-unit graphic 

forms. 

67. The program distribution medium as described in claim 66, wherein 

said rendering step performs shading based on said post-correction interpolation 

vector. 

68. ~he program distribution medium as described in claim 49, wherein 

said interpolated line is a Be:t"jer curve. 

69. The program distribution medium as described in claim 68, wherein 

said image is a three-dimensional image; and 
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said interpolated line computation step includes: 

an angle computation step that determines angle J <n· 2 formed by a straight line 

that joins one vertex and another vertex interpolated by said interpolated line, which is 

said Bczicr curve, and each projection of the straight line onto a plane perpendicular lo 

the interpo1alion vector al said one vertex or other vertex, which is a plane that includes 

~aid oue vertex or ulher vcrlcx, 

a distance computation step. that determines, ·based on said angles 1 and 2, a 

control edge length l or 2, which is the distance from said one vertex or other vertex lo 

conlrol point 1 or 2 of said Bezicr curve, and 

a Bezier curve computation step thal determines said Bczier curve as lhe 

interpolated line that interpolates the space between said one vertex and olher vertex by 

determining, based on said control edge length 1 or 2, each said conlrol point l and 2. 

70. The program distribution medium as described in claim 49, wherein 

if the coordinates of the vertices of said unit graphic forms and the interpolation 

vectors arc recorded on a recording medium, 

said computer program further includes a playback step which plays back from 

the recording medium the coordinates of said vertices and the interpolation vectors. 

71. The program distribution medium as described in claim 49, wherein 

if the coordinates of the vertices of said unit graphic forms and the interpolation 

vectors arc transmitted via a transmission route, 

said computer program further includes a reception step llmt receives the 

coordinates of said vertices and lhe interpolation vectors transmillccl via the 
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transmission route. 

72. The program distrihution medium as described in claim 49, wherein 

said image is a three-dimensional image, 

said computer has an operation means which is operated when a prescribed input 

is given, and 

said l:umpul~r program furlhcr indmlcs: 

a geometry processing step ·that reads data ccrnccming said unit graphic forms 

from a recording medium and with respect lo the data performs geometry processing 

lhal corresponds lo an inpul 

from said operation means, 

a conversion step that converts said sub-unit graphic forms obtained by splitting 

said unit graphic lhrms resulting alter said geometry processing into ones in the 

coordinate system of a two-dimensional output device, and 

a rendering step that renders said sub-unit graphic forms converted by said 

conversion step. 

73. The program distribution medium as described in claim 49, which 

also provides the coordinates of the vertices of said unit graphic forms and the 

interpolation vectors. 

74. An image processing device for processh1g an image defined by a combination 

of unit graphic forms, comprising: 

an operation means which is operated when said unit graphic forms arc input 

thereto, 
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an interpolation vector generation means fin generating inl.erpolalinn vectors 

used lbr dclermining an interpolated line that is the line that interpolates a space 

hetwccn a given vertex and another vertex in vertices of said unit graphic forms input 

hy said operation means when :mid operation means arc operated, and 

a provision means for providing coordinates of the vertices of said unit graphic 

forms aml lhc inl1.;rpolatiu11 vcdors. 
. -~. 

75. The image processing device as described in-claim 74, wherein 

said provision means provides by recording on a recording medium the 

coordinates of the vertices of said unit graphic forms and the interpolation vectors. 

76. The image proccssjng device as d~'icrihccl in claim 74, wherein 

sHid provision means provides by transmitting via a transmission route the 

coordinates or the vcrHccs nf said unit graphic forms and the interpolation vectors. 

77. The image processing device as described in claim 74, wherein 

said interpo1ation vector generation means generates as said interpolation 

vectors, normal-direction normal vectors of the shape lo be produced by said unit 

graphic fr.lrms. 

78. The image processing device as described in claim 77, wherein 

said interpolation vector generation means also generates as said interpolatio11 

vectors, in addition to said normal vectors, vectors which define directions of said 

interpolated lines at 

said vcrt ices. 

79. The image processing device as dcscrihctl in claim 74, wherein 
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said interpolation vector generation means generates as said interpolation 

vectors interpolated line direction vcclors which define the direction of said interpolated 

lines at said vertices. 

80. The image processing device as described in claim 79, wherein 

if, in a prescribed plane thal includes said vertices, said interpolated line is 

touched by a line onto which is projected a line scgmc~1t that joins a given vertex mid 

. . .. 
another vertex, said intcrpo1ated line direction vector's are normal-direction vectors in 

said prescribed plane. 

81. The image processing device as described in claim 79, wherein 

said interpolated line direction vectors are vectors which define a tangent 

direction of said inlcrpolaled lines al said vertices. 

82. The image processing device as described in claim 74, and further comprising: 

a splitting means for splitting said unit graphic forms into multiple sub-unit 

graphic forms based on the coordinates of said vertices and the interpolation vectors; 

and 

a rendering means for rendering said sub-unit graphic forms. 

83. The image processing device as described in claim 82, wherein 

said splitting means includes: 

an interpolated line computation means for determining said interpolated lines 

based on the coordinates of said vertices and said interpolation vectors, and 

an interpolated point computation means for determining, as the vertices of said 

sub-unit graphic forms, interpolated points that arc points on said interpolated line. 
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84. The image processing device as dcscrihed in claim 83, wherein 

said splilling means further includes an intcrpolalion vector computation means 

for determining from the interpolation vectors at said vertices, interpolation vectors 

used for determining a line that interpolates the space hetwecn a given interpolated 
point and another interpolated point in said interpolated 
points. 
85. The image processing device as described in claim 84,wherein 

when a ratio of the values corresponding to a dish_mce from said interpolated 

point between one vertex and another vertex to said one vertex or to the other vertex, 

respectively, is denoted by t:l-t, 

said intcrpoJ;1tion vector computation means determines as the interpolation 

vector at said interpolated point the result corresponding Lo the sum of(l-t) times the 

interpolation vector at said one vertex plus t limes the interpolation vector at said other 

vertex. 

86. The image processing device as described in claim 85, wherein 

said splilling means further includes a correction means for correcting the 

interpolation vector al said interpolated point determined by said interpolation vector 

computation means. 

87. The image processing device as described in claim 86, wherein 

said correction means 

determines a vector product of the interpolation vector at said interpolated point 

determined by said interpolation vcetor computation means and a tangcnl-dircction 

tangent vector of said interpolated line al said interpolated poinl, 



102 
I If lllll l/llll Ill/I lllll /11111 

C L H S * 

determines the vector product of said vector product and said Hmgenl vector, and 

takes the resulting vector as a post-correction interpolation vector al said 

intcqlolatcd point. 

88. The image processing device as descdhed in claim 87, wherein 

said rendering means performs shading based on said post-correction 

in1erpn1atinn vector. 

89. The image processing device as described in.-claim 83, wherein 

said interpolated line is a Bezier curve. 

90. The image processing device as described in claim 89, wherein 

said image is a three-dimensional image, and 

said interpolated line computation means includes: 

an angle computation means that determines an angle 1or2 formed by a straight 

line that joins one vertex and another vertex interpolated hy said interpolated line, 

which is said Bczier curve, and each projection of lhc straight line onto a plane 

perpendicular to the interpolation vector at said one vertex or other vertex, which is a 

plane that includes said one vertex or other vertex, 

a distance computation means that determines, based on said angles l and 2, a 

control edge length 1 or 2, which is the distance from said one vertex or other vertex to 

control point 1 or 2 of said Bezier curve, and 

a Bezier curve computation means lhal determines said Bczier curve as the 

interpolated line that interpolates the space between said one vertex and other vertex hy 

determining, based on said control edge length l or 2, each said control point ·1 and 2. 
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91. An image processing method for an image processing device that processes an 

image defined hy a combination of unit graphic forms, said image processing device 

including an operation means which is operated when said unit graphic ti.mns arc input, 

the image processing method comprising: 

an interpolation vector general.ion step of generating interpolation vectors used 

for determining an interpnlated line which is the line that interpolates a space helween a 

given vertex and another vertex in vertices of said unit gr~phic forms input by said 

operation means when said operation means is operated; and 

a provision .step of providing coordinates of the vertices of said unil graphic 

ibrms and the interpolation vectors. 

92. The image processing method as de.scribed in claim 91, wherein 

said provision step provides by recording on a recording medium the coordinates 

of the vertices nf said unit graphic forms and the interpolation vectors. 

93 The image processing method as described in claim 91, wherein 

said provision step provides by lransmilling via a transmission route the 

coordinates of the vertices of said unit graphic forms and the interpolation vectors. 

94. The image processing method as des~ribcd in claim 91, wherein 

said interpolation vector generation step generates as said interpolation vectors 

normal-direction normal vectors of the shape to be produced by said unit graphic forms. 

95. The image processing method as described in claim 94, wherein 

said interpolation vector generation step frlrther generates as said inlcrpo1ation 

vectors, in addition to said normal vectors, vectors which define the direction of said 
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interpolated lines at said vertices. 

96. The image processing method as described in claim 91, wherein 

said interpolation vector generation step generates as said interpolation vectors 

interpolated line d.ircction vectors which define the direction of said interpolated lines at 

said vertices. 

en. The image processing method as dcscrihcd in c1aim 96, wherein 

it: in a prescribed plane that"includes said vertices, said interpolated Jine is 

touched by a Jine onto which is projected a line segment that joins a given vertex and 

another vertex, then said interpolated line direction vectors arc normal-direction vectors 

in said prcscrihed plane. 

98. The image processing methnd as described in claim 96, wherein 

said interpolated line direction vectors arc vectors that express the tangent 

direction of said interpolated Jines at said vertices. 

99. The image processing method as described in claim 96, and fitrther comprising: 

a splitting step of splitting said unit graphic forms into multipJc sub-unit graphic 

forms based on lhe coordinates of said vertices and the interpolation vectors, and 

a rendering step of rendering said sub-unit graphic forms. 

100. The image processing method as described in claim 99, wherein 

said splitting step includes: 

an interpolated line computation step of determining said interpolated lines 

hased on the coordinates o( said vertices and said interpolation vectors, and 

an interpolated point computation slcp of determining, as the vertices of said 
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suh-unil graphic l'nrms, intcrpolaled points that are points on said interpolated line. 

101. The image processing method as described in claim 100, wherein 

said splitting step further includes an interpolation vector computation step nf 

determining, from the interpolation vectors at said vertices, interpolation vectors used 

for determining a line that interpolates a space between a given interpolated point and 

another interpolated pnint in said intcrpnla1ed pnints. 

. ; 

102. The .image processing method as described in-clafm 101, wherein 

when a ratio of the values corresponding lo a distance from said interpolated 

point between one vertex and another vertex to said one vertex or to the other vertex, 

respectively, is denoted hy T: 1-T, 

said interpolation vector computation step determines as the interpolation vector 

at said interpolated point the result corresponding to the sum of (1-T) times the 

interpolation vector at said one vertex plus T times the interpolation vector at said other 

vertex. 

103. The image processing method as described in claim 1.02, wherein 

said splitting step further includes a correction step of correcting the 

interpolation vector at said interpolated point determined by said interpolation vector 

computation step. 

104. The image processing method as de.o;cribed in claim 103, wherein 

said correction step 

determines a vector product of the interpolation vector at said int crpolatcd point 

determined hy said int:crpolation vector computation step and a tangent-direction 
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tangent vector of said interpolated line at said interpolated point, 

determines the vector product of said vector product and said tangent vector, and 

takes the rcsulling vector as the post-correction interpolation vector al said 

interpolated point. 

l.05. The image processing method as described in claim Hl4, wherein 

said rendering step performs shading hascd on said post-correction interpolation 

vector. 

106. The image processing method as described in c1aim 100, wherein 

said interpolated line is a Bezier cu1vc. 

1.07. The image processing method as dcscrihec.l in claim JO(>, wherein 

said image is a three-dimensional image, and 

said interpolated line computation step has 

an angle computation step that determines angle 1 or 2 formed by the straight 

line that joins one vertex and another vertex interpolated by said interpolated line, 

which is said Bezier curve, and each projection of the straight line onto a plane 

perpendicular to the interpolation vector al said one vertex or other vertex, which is a 

plane that includes said one vertex or other vertex, 

a distance computation step that determines, based on said angles 1. and 2, a 

control edge length 1 or 2, which is the distance from said one vertex or other vertex to 

control point 1 or 2 of said Bczier curve, and 

a Ilezicr curve computalion slep thal determines said Bczicr curve as the 

inlerpolated line that interpolates the space between said one vertex and nthcr vertex by 
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determining, hascd on said contro1 edge length 1 or 2, each said control point 1 or 2. 

I.OK. i\ program distribution medium which provides a computer program to cause a 

compulcr to process an image defined hy a comhinalion of unit graphic forms, 

said compulcr including an operation means which is operated when unit 

graphic forms arc input thereto, and 

the cnmpulcr program provided hy the program distrihution medium comprising 

an interpolation vector gcne1~~tion step whitj1 generates intcrpoJation vectors 

u.:tcd for determining un intorpolntod line that it: the line that inte1·pol11tes ~' sp:we 

between a given vertex and another vertex in vertices of said unit graphic forms input 

by said operation means when said operation means is operated, and 

a provision step of providing coordinates of the vertices of said unit graphic 

forms and the interpolation vectors. 

109. The program distribution medium as described in claim 108, wherein 

said provision step provides by recording on a recording medium the coordinates 

of the vertices of said unit graphic forms and the interpolation vectors. 

HO. The program distribution medium as described in claim 108, wherein 

said provision step provides by transmitting via a transmission route the 

coordinates of the vertices of said unit graphic forms and the interpolation vectors. 

111. The program distribution medium as described in claim 108, wherein 

sai<l interpolation vector generation step generates as said interpolation vectors, 

normahtircclion normal vectors of a shape to he produced hy said unit graphic fr.mus. 

1'12. The pmgram distribution medium as dcscrihctl in claim 111, wherein 
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said interpolation vector generation step further generates as said interpolation 

vectors, in addition to said normal vectors, vectors which define the direction of said 

interpolated lines al said vertices. 

113. The program distribution medium as dcscrihcd in claim Hl8, wherein 

said interpolation vector generation step generates as said interpolation vectors 

interpntate<l linc direction vectors which dclinc directions nf said interpolated lines at 

said vertices. 

1.14. The program distribution medium as described in claim 11.3, wherein 

if, in a prescribed plane that includes said vertices, said interpolated line is 

· J 0 touched by a line onto which is projected a line .segment that joins a given vertex and 

another vertex, said interpolated line direction vectors arc normal-direct ion vectors in 

said prescribed plane. 

115. The program distribution medium as described in claim 113, wherein 

said interpolated line direction vectors arc vectors which define a tangent 

direction of said interpolated lines at said vertices. 

116. The pmgram distribution medium as described in claim 108, wherein 

said computer program further comprises 

a splitting step that splits said unit graphic forms into multiple sub-unit graphic 

forms based on the coordinates of said vertices and the interpolation vectors, and 

a rendering step that renders said sub-unit graphic frnms. 

117. The program distrihut ion medium as described in claim 1 ·16, wherein 

said splitting slep includes 
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an interpolated line 1,;ompulalion step which determines said inlcrpolal.ed lines 

based on the coordinates of said vertices and said interpolation vectors, and 

an inlerpolatc::d point compulalion step that delcrmincs, as the vertices of said 

suh-unit graphic forms, interpolated points that arc points nn said interpolated line. 

118. The program distrihulion medium as described in claim l '17, wherein 

said splitting slcp further includes ~n intcrpnlalion vector computation step that 

determines, from the intcrpo.lalion vectors al said veJ:tie·c·~: interpolation vectors used for 

delcrmining a line that interpo1ates a space between a given interpo1atcd point and 

another interpolated point in said interpolated points. 

119. The program distrilmlion medium as descrihed in claim ·118, wherein 

when a ratio of the values corresponding to a distance from said inlerpolalcd 

point hetwecn one vertex and another vertex to said one vertex or lo the olhcr vertex, 

respectively, is denoted by t:1-t, 

said interpolation vector computation step determines as the inlerpolalion vector 

al said intcrpoJated point the rcsull corresponding to the sum of (1-t) times the 

interpoJation vector at said one vertex plus t times the interpolation vector at said other 

vertex. 

120. The program distribution medium as described in claim 119, wherein 

said splitting step further includes a correction step that corrects the interpolation 

vector at said interpolated point determined by said inlcrpoJation vcclor computation 

slcp. 

121. The program dislrihu1io11 medium as described in claim 120, wherein 
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said corrcclion slcp 

determines a vector produel of the interpolation vcclor at said inlerpnlatcd point 

determined by said interpolation vector computation step and a tangent-direction 

tangent vector or said intcrpnlalcd line at said intcrpo1atcd point, 

determines the vector product of said vector product and said tangent vector, and 

takes the resulting vcclor as the post--corrcction interpolation vector at saM 

·' 

interpolaled point. _,.. 

122. The program distribution medium as described in claim 121, wherein 

said rendering step performs shading based on said post-correction inlcrpolation 

vector. 

123. The program distribution medium as described in claim 117, wherein 

said intcrpolaled line is a 13czier curve. 

124. The program distrihulion medium as described in claim 123, wherein 

said image is a three-dimensional image, and 

said interpolated Hne computation step indudcs: 

au angle computation step that determines an angle 1 or 2 formed by a straight 

line that joins one vertex and another vertex interpolated by said interpolated line. 

which is said Bezier curve. and each projection of the straight line onto a plane 

perpendicular to the interpolation vector at said one vertex or other vertex, which is a 

plane that includes said one vertex or other vertex, 

a distance computation step that determines, based on said angles l and 2, a 

control edge length 1 or 2, which is the distance l'rom said one vertex or other vertex to 
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conlrol poinl 1 or 2 or said Bczier curve, and 

a Oczier curve computation step that determines said Bczier curve as the 

interpolated line that inlcrpolates the space between said one vcrlcx and other vertex by 

determining, based on said control edge length 1 or 2, each said control point 1. and 2. 

125. A data distribution medium that provides data concerning images defined by a 

cnmhinat inn nf unit graphic forms, wherein 

if a unit graphic form is inpu't, then by gener~lirig' interpolation vectors used for 

determining an interpolated line that is the line that jnterpolates a space between a given 

vertcK and anolher vertex in vertices of the unit graphic form, 

it provides as data concerning said image, al least,interpolation vcclors al said 

vertices and coordinates of said vertices thus obtained. 

126. The dala distrihulion medium as described in claim 125, wherein 

said interpolation vectors are normal-direction normal vectors of the shape lo be 

produced by said unit graphic forms. 

127. The data distribution medium as described in claim 126, wherein 

said interpolation vectors further include, in addition lo said normal vectors, 

vectors which define a direction of said interpolated lines at said vertices. 

128. The data distribution medium as described in claim 125, wherein 

said interpolation vectors are interpolated line direction vectors which define the 

direction of said interpolated 1incs at said vertices. 

·129. . The data distribulion medium as described in claim 128, wherein 

ii', in a prescribed plane that includes said vertices, said interpolated line is 



112 
111111111111111111111111111111 

* C L M S * 

touched hy a Hne onto which is projcclccl a line segment that joins i1 given vertex and 

another vertex, said interpolated line direction veclors arc normal-direction vectors in 

said prescribed plane. 

'130. The data distribution medium as described in claim 128, wherein 

said interpolated line direction vectors arc vectors which define a tangent 

direct inn of said interpolated lines HI said vertices. 

.l 

131. The data distribution mediumas described in:cfaiin 125, wherein 

said interpolated line is a Bezier curve. 

132. The data distribution medium as described in claim 125, wherein 

said image is a three-dimensional image. 

133. An image processing device for processing images defined hy a comhinalion of 

unit graphic forms, comprising: 

a provision device for providing data concerning an image, and 

a client device for receiving a provision of the data from said provision device 

and splitting unit graphic forms defining the image into multiple sub-unit graphic forms; 

said provision device including: 

an operation means which is operated when said unit graphic forms arc input, 

an interpolation vector generation means for generating interpolation vectors 

used for determining an interpolated line that is the line that interpolates a space 

bclwcen a given vertex and another vertex in vertices of said unit graphic forms input 

hy said operation means when said operation means is operated, and 

a provision means for providing to said client device coordinates of lhc vertices 
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nf said unit graphic forms and the intcrpoJalion vectors; and 

sait.I clienl device including: 

an inlt~rpolalcd line computation means fr1r determining said interpolated lines 

from the coordinates of the vertices of .said unit graphic forms and from .said 

interpolation vectors, 

an interpolated point computation means l'or determining, as the vertices of said 

sub-unit graphic forms, intcrpolated··poinls that are poiiits on .said interpolated lines, 

a conversion means for converting said sub-unit graphic forms into ones in a 

coordinate system of a two-dimensional output device, and 

a rendering means for rendering safd suh-unil graphic frmns converted by said 

conversion means. 


