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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to improve-
ments in recording and information processing methods and
apparatus and a recording medium therefor and, more
particularly, to a new and improved recording medium,
recording and information processing systems facilitating
efficient and high speed processing at reduced cost.

Description of the Related Art

Recently, television game machines for home use
or personal computers which effect picture drawing
processing at a high speed, to allow a user to enjoy a
game or the like, have become less expensive and have
spread to a large number of homes.

In order to produce computer graphics (CG) or
to develop software which uses the computer graphics, a
graphic computer which effects picture drawing processing
at a higher speed is used.

Such television game machines for home use,
personal computers and graphic computers as described
above typically include a picture drawing apparatus
composed of a memory, a CPU (central processing unit) and
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provided for holding values for pixels of the display
section, so that high speed picture drawing processing is
effected by the picture drawing circuit for exclusive
use.

The CPU of the picture drawing apparatus effects
geometry processing such as coordinate conversion,
clipping and light source calculation to produce picture
drawing commands for drawing a graphic form of a three-
dimensional solid object in the form of a combination of
basic plane figures (polygons) having such shapes as
triangles or gquadrangles and supplies the picture drawing

' commands to the picture drawing circuit.

The picture drawing circuit calculates values
of pixels constructing the polygons from color data of
the apexes of the polygons and Z values indicating
positions of the polygons in the depthwise direction in
the three-dimensional space displayed two-dimensionally
on the predetermined display section, in accordance with
the picture drawing commands received from the CPU, and
then writes the values into the frame buffer (;endering
processing) and draws a picture of the polygons.

Such a picture d&awinq circuit as described
above is directly coupled to the CPU by a bus for
exclusive use to prevent otherwise possible concentration
of a load (data transmitted and received via a bus) on a
different bus used commonly together with a different
circuit (for example, a recording apparatus or a memory
which holds data). It is to be noted that, when picture
drawing processing is to be performed, for example, at a



the data thus produced are outputted to a frame buffer provided for hol ding
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The data outputted from the CPU are stored once
into a FIFO (first-in first-out) buffer interposed
between the CPU and the picture drawing circuit and are
supplied in the recorded order to the picture drawing
circuit. The FIFO buffer successively stores therein and
supplies the stored data to the picture drawing circuit
such that, when the supplying rate of data by the CPU is
temporarily higher than the processing speed of the
picture drawing circuit, the stored amount of data
thereof gradually increases, but the stored amount of
data thereof gradually decreases when the supplying rate
of data by the CPU is lower than the processing speed of
the picture drawing circuit. In this manner, the FIFO
buffer absorbs an imbalance between the data supplying
rate of the CPU and the processing speed of the picture
drawing circuit.

However, when the data supplying rate of the
CPU exceeds the processing speed of the picture drawing
circuit very much, or when a condition wherein the data
supplying rate of the CPU is higher than the processing
speed of the picture drawing circuit continues for a long
per@od of time due to load conditions to the CPU and the
picture drawing circuit, non-processed data are gradually
accumulated in the FIFO buffer. Then, when the amount of
such non-processed data exceeds the capacity of the FIFO
buffer, matching of data is lost and, consequently,



circuit (for exanple, a recording apparatus or a nenory which hol ds data).
It +s to be noted that, when picture drawi ng processing is to be perforned,
for exanple, at a speed of approximately 15 MPol ygon/ sec
(rendering processing of 15 10[err] polygons is performed for one second)
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circuit, the anount of data which are cgmuni cated al ong the bus used
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buffer, successively stores therein and supplies the stored data to the
picture drawing circuit such that, when the supplying rate of data by the

CPU is tenporarily highgiotitan dbea@vesesse norspgesl plictite drawing
apparatus is that, in order to effect picture drawing
processing at a high speed',' - as the amount of data to be
processed for picture drawing increases, the capacity of
the memory and the capacity of the recording medium
required increase and, accordingly, it is difficult to
achieve lower in cost.

In addition, the aforedescribed picture drawing
apparatus suffers from the further disadvantage that, as
the amount of data to be processed increases, the time
required to read out data from the recording medium or
the memory increases and, consequently, it is difficult
to achieve a high processing speed.

Accordingly, these has been a long existing
need for a new and improved recording medium and
recording and information processing systems facilitating
efficient and high speed processing at reduced cost. The
present invention clearly fulfills these needs.

SUMMARY OF THE_ INVENTION

Briefly, and in general terms, the present
invention provides a recording medium and a recording
apparatus and method as well as an information processing
apparatus and method by which efficient processing of
data and a high processing speed can be achieved and
reduction in cost can be achieved readily.

More particularly, by way of example and not
necessarily by way of limitation, the present invention
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apparatus has a

With the recorcfing medium, since it holds

thereon, as data of a predetermined object in a three-
dimensional space, identification information of a basic
object which makes a reference and difference values
between coordinate values of apexes of the basic object
and coordinate values of apexes of the predetermined
object, the amount of data for each individual object is
relatively small. Consequently, the recording medium can
hold data for a comparatively lai:ge number of objects
thereon.

According to another aspect of the present
invention, there is provided a recording apparatus for
recording data of a predetermined object in a three-
. dimensional space onto a recording medium, comprising
calculation means for calculating, from the object in the
three~-dimensional space, identification information of a
basic object which makes ‘a reférence and difference
values between coordinate values of apexes of the basic
oh;j ect and coordinate values of apexes of the predeter-
mined object, and recording means for recoraing the
identification information and the difference values
calculated by the calculation means as data of the
predetermined object.

The present invention further provides a
recording method for recording data of a predetermined
object in a three-dimensional space onto a recording
medium, comprising the steps of calculating, from the
predetermined , object in the three-dimensional space,



di sadvantage in that it is difficult to effect processing efficiently.
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ef fect picture drawi ng processing at a high speed, as the anmount of data to
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With the aforedescribed recording apparatus and
the recording method, since, from a predetermined object
in a three-dimensional space, identification information
of a basic object which makes a reference and difference
values between coordinate values of apexés of the basic
object and coordinate values of apexes of the predeter-
nined object are calculated and the identification
information and the difference values thus calculated are
recorded as data of the predetermined object, a recording
medium which holds data of a comparatively large number
of objects thereon can be produced.

The present invention also provides an informa-
tion processing apparatus, comprising read-out means for
reading out, from a recording medium on which data of a
three-dimensional object composed of a plurality of plane
figures in a three-dimensional space are recorded, the
data, first conversion means for converting the plane

,figures into a curved surface composed of a number of
plane figures corresponding to a d&isplay siie on a
predetermined display section, and second conversion
means for converting data of the curved surface obtained
by the conversion by the first conversion means into two-
dimensional display data.

In accordance with another aspect of the
present invention, there is provided an information
processing method, comprising the steps of readihg out,
from a recording medium on which data of a three-



apparatus and nmethod as well as an information processing apparatus and

nmet Rod by which efficient processing of data and a hi gh processi ng speed
can be achieved and reduction in cost can be achi eved readily.

More particularly, by way of exanple and not necessarily by way of
linttation, the present invention provides a recording medi um
wherein it holds thereon, as data of a pr%detern1ned object in a
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data for each comivertdusf ddtacbfi The curved surface obtained by the
conversion by the first conversion means into two-
dimensional display data.

With this information processing apparatus and
the information processing method, since a plane figure
is converted into a curved surface composed of a number
of plane figures corresponding to a display size on a
predetermined display section, the amount of data to be
handled can be reduced and the burden to a bus can be
reduced. '

In accordance with to a further aspect of the
present invention, there is provided an information
processing apparatus, comprising read-out means for
reading out, from a recording medium on which data of a
three-dimensional object composed of a plurality of plane
figures in a three-dimensional space are recorded, the
data, division means for dividing the plane figures in
accordance with a display size on a predetermined display
section, calculation means for calculating brightness
values of the plane figures obtained by the division from .
brightness values of the original plane figures, and
production means for producing two-dimensional display
data from the brightness values of the plane figures
obtained by the division.

In addition, the present invention provides an
information processing method, comprising the steps of
reading out, from a recording medium on which data of a
three-dimensional object composed of a plurality of plane
figures in a three-dimensional space are recorded, the



relatively small. Consequently, the recording nediumcan hold data for a
conparatively | arge nunber of objects thereon. According to

anot her aspect of the present invention, there is provided a recording
apparatus for recording data of a predeterm ned object in a three-
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Accordingly, with the information processing
apparatus and method of the present invention, since a
plane figure is divided in accordance with a display size
on a predetermined display section and brightness values
of plane figures obtained by the division are calculated
from brightness values of the original plane figure, the
amount of data to be handled can be reduced and the
burden to a bus can be reduced.

Hence, the present invention satisfies a long

 existing need for a new and improved recording medium and

recording and information processing systems facilitating
efficient and high speed processing at reduced cost.

The above and other objects, features and
advantages of the present invention will become apparent
from the following more detailed description and the
appended claims, when taken in conjunction with the
accompanying drawings in which like parts or elements are
denoted by like reference characters.

BRIEF DESCRIPTTON OF THE DRAWINGS

Fig. 1 is a plan view showing a game machine
for home use to which an information processing apparatus
of the present invention is applied;

Fig. 2 is a front elevational view of the game
machine of Fig. 1;



identification information of a basic object which makes a reference and
di fterence val ues between coordi nate val ues of apexes of the basic object
and coordi nate val ues of apexes of the predeterm ned object, and record-
ing the identification information and the difference values calculated in
t he-cal cul ating step as data of the predeterm ned object. Wth
t he af oredescri bed recordi ng apparatus a®d the recordi ng net hod, since,
froma predetermned object in a three-dirmehsi onal space, identification
information of a basic &igecB Wsi eh sidlecslevationedcviendofi ther gawe val ues
bet ween coor diaa4g gabge%igt gpexes of the basic object and coordinate
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picture drawing processing in the game machine of Fig. 1;

Fig. 8A is a diagrammatic wview showing a
polygon processed by the game machine of Fig. 1;

Fig. 8B is a table showing a data format of the
polygon;

Figs. 92 and 9B are diagrammatic views
illustrating different stages of division of a polygon;

Fig. 10 1is a diagrammatic view showing
different division of a polygon; '

Figs. 11A to 11D are schematic views
illustrating a three-dimensional object displayed in
accordance with a variety of Z values;

Fig. 12 is a flow chart illustrating details of
processing in a polygon dividing step of the flow chart
shown in Fig. 5;

Fig. 13 is a table showing a data format of a
polygon processed by the game machine of Fig. 1;

Figs. 14A to 14C are perspective views
illustrating different varieties of division of the
polygon illustrated in Fig. 13;

Fig. 15A 1is a diagrammatic view showing a
polygon produced by division of the polygon of Fig. 13;

Fig. 15B is a table illustrating data of the
polygon shown in Fig. 15A4;

Fig. 16 is a table showing different amounts of
data handled by the programmable packet engine shown in
Fig. 5;



predet erm ned di splay section,

data-of the curved surface obtained by the conversion by the first
conversion nmeans into two- dinensional display data. ~In _
accordance with another aspect of the present invention, there is provided

an iformation processing nethod, conprising the steps of reading out,

a recordi ng nedi um on which data of a thige- . .
7 dinensional object conposed of a plural irt'y qf pl ane flgyres in a
t hr ee- di nensi onal space Fage A&3oksled Aialgeaghiadicconee rshowirid anplthes

figures into ngﬁgﬂﬁppg%bgg%%dpgquggdggﬁeamggﬁggé of p*gpglfigures

corresponding to a display size

p etermned disp

and second conversion neans for converting

from

y section, and

converting data of the ddfvedduriffack bahbe ngdowing he dahaefordatbyft he
first conversiwe PAYFonsBcwOindiFrgnsioaal di splay data.

this information proces

I.ng a
since a pl ane f%d‘gge ng%onv‘%ﬁ’te_&%cnt odRecurSRratrice VdSHEosed of

met hod,
a nunber

ratus and the information processing

illustrating calculation of a brightness value of a
polygon produced by division of the polygon of Figs. 17A
and 17B; i

Fig. 19A is a schematic view showing a further
polygon produced by division of the polygon of Fig. 17;

Fig. 19B is a table showing a data format of
the polygon in Fig. 194;

Figs. 20A and 20B are perspective views showing
a three-dimensional object and a corresponding template;

Fig. 21 is a table showing a data format
representing a three-dimensional object which makes use
of a template; and

Figs. 22A and 22B are block diagrams showing
production apparatus as recording apparatus to which the
present invention is applied.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings, Figs. 1 to 3 show
an example of TV game machine for home use to which an
information processing apparatus of the present invention
is applied. This game machine 1 for home use is composed
of a game machine body 2, and an operation unit 17 and a
recording unit 38 which can be connected to the game
machine body 2.

The game machine body 2 is formed in a
substantially quadrangular shape as shown in Figs. 1 to
3 and has, at a central position thereof, a disk loading
station 3 onto which a CD-ROM (compact disk ROM (read
only memory)) 40 which is an optical disk as shown in
Fig. 4 and serves as a medium for a game to be loaded,

Wth



of plane figures corresponding to a display size on a predeterm ned display
section, the anount of data to be handled can be reduced and the burden to
a bus can be reduced. In accordance with to a further aspect of
the present invention, there is provided an infornmation processing
apparatus, conprising read-out nmeans for reading out, froma recording
medi um on whi ch data of a three-dinensioﬂal,object conposed of a plurality
of plane figures in a three-dinensional space are recorded, the data,
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setting of such a game is to be recorded.

The connection sections 7A .and 7B are each
formed in two stages as shown in Figs. 2 and 3. At the
upper stage of each of the connection sections 7A and 7B,
a recording insertion section 8 for connection of the
recording unit 38 is provided, and at the lower stage, a
connection terminal insertion section 12 for connection
of the operation unit 17 is provided.

The recording insertion section 8 has an
insertion hole of a rectangular shape elongated in
horizontal directions, and has, in the inside of the
insertion hole, a memory connecting terminal member (not
shown) to which the recording unit 38 is connected.
Further, as shown in Fig. 2, the recording insertion
section 8 has a shutter 9 provided therein for protecting
the memory connecting terminal member from dust and so
forth. It is to be noted that the recording unit 38 has
an electrically rewritable ROM so that data relating to
a game may be recorded.

In order to mount the recording unit 38, a user
will push, at an end of the recording unit 38, the
shutter 9 in the inward direction and further push the
recording unit 38 intoc the insertion hole until it is
connected to the memory connecting terminal member.

The connection terminal insertion section 12
has, as shown in Fig. 2, an insertion hole of a



data, dividing the plane figures in accordance with a display size on a
predeterm ned display section, calcu- lating brightness val ues of the plane
figures obtained by the division frombrightness val ues of the original

pl ane figures, and produci ng two-di mensional display data fromthe

bri ght ness val ues of the plane figures obtained by the division.
Accordingly, with the information procesé?ng appar atus and net hod of the
present invention, since a plane_figure is diviged i n accordance with a
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and the manually operate the operation unit 17, and has operation
sections 18 and 19 disposed in a leftwardly and
rightwardly symmetrical relationship thereon, a select
switch 22 and a start switch 23 provided at an inter-
mediate portion between the operation sections 18 and 19,
operation members 24 and 25 located on the front surface
sides of the operation sections 18 and 19, and the
connection terminal member 26 and a cable 27 for con-
nection to the game machine body 2.

Fig. 5 shows an exemplary electric construction
of the game machine body 2 described above.

The game machine body 2 has two buses including
a main bus 41 and a sub~bus 42. The buses 41 and 42 are
connected to each other via a bus controller 43.

Connected to the main bus 41 are a main CPU 44
formed from a microprocessor or the like and serving as
read-out means and coordinate conversion means, a main
memory 45 formed from a RAM (read only memoryi, a main
direct memory access controller (main DMAC) 46, an MPEG
decoder (MDEC) 47, a prbgrammable packet engine (PPP) 48
serving as first conversion means, division means and
calculation means, and a graphical processing unit (GPU)
49 serving as second conversion means and production
means.

Meanwhile, connected to the sub-bus 42 are a
sub-CPU 50 formed from a microprocessor or the like, a



appehded claims, when taken in conjunction with the acconpanyi ng draw ngs
in which |ike parts or elenments are denoted by |ike reference characters.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a plan view
showi ng a gane machine for hone use to which an information processing
apparatus of the present invention is applied; Fig. 2 is a front
el evational view of the game machi ne of 1Big. 1; Fig. 3
is a side elevational view of the gane machine of Fig. 1; Fig. 4
i's a plan vi eSBHBSNKGY a SED-Fawmedhi Enova® bRAY epfo lbﬁfaqmemglaﬂﬁynachl ne
of Fig. 1;  access chﬁxtx%ll%ra %é!ﬁiaerﬁr@lcSCst' agf agohors3 hg ngapRigRChi ne
of Fig. 1; s a ock dlagran1of a programmbl e packet
engi ne shown pﬁog;gms5such as an qn%fatﬁqgsQXSFF@WaEEaﬁgorﬁﬁus?r%

pol ygon pi ct upgodessi g W iRE g3 954 &%mm@meoﬁtrsngse&tlon
(ATM) 55, a CD-ROM drive 56 serving also as the disk
loading station 3, an inputting section 57, and a
graphical processing unit 49.

The bus controller 43 connects the main bus 41
and the sub-bus 42 to each other and outputs data from
the main bus 41 to the sub-bus 42 and outputs data from
the sub-bus 42 to the main bus 41.

The main CPU 44 reads in, upon starting of the
game machine body 2, a start program from the ROM 53
connected to the sub-bus 42 via the bus controller 43 and
executes the start program so that the operating system
may operate.

The main CPU 44 controls the CD-ROM drive 56 to
read out an application program or data from the CD-ROM
40 loaded in position in the CD-ROM drive 56 and store
the application program or data into the main memory 45.

The main CPU 44 includes a geometry calculation
engine or qraphic transfer engine (GTE) 71 for effecting
_geometry calculation such as coordinate conver§ion for
data (coordinate values of the apexes (representative
points) and so forth of a polygon) of a three-dimensional
object formed from a plurality of basic figures, that is,
polygons, and a packet engine (PKE) 72 for transmitting
data calculated by the graphic transfer engine 71 as a
packet to the programmable packet engine 48 via the main
bus 41.

The graphic transfer engine 71 includes a
plurality of operation elements for calculating a real



Fi g.' 8A is a diagrammatic view showi ng a pol ygon processed by the gane

machi ne.of Fig. 1; Fig. 8Bis a table showing a data format of the
pol ygon; ~ Figs. 9A and 9B are diagrammatic views illustrating
different stages of division of a polygon; Fig. 10 is a
di-ggrammati c vi ew show ng different division of a polygon; Fi gs.
1A to 11D are schematic views illuBtrating a three-dinensional

obj ect displayed in accordance with a variety of Z val ues; Fig. 12

i s a flow chaPamperuefr fheng§laatingspeingr spdseffigers flpatimsnpaintdi ng

step of the ftawcahatioa8opaArkN1Eidy. S The packethaﬁiﬁé 78 8upphisésshow ng
a data format of a polégon rocessed by the gane nmac X
r

ine of Fig. 1;
Figs. 14A to %88 p gofe <2 atedisPY attihfy FrapkentrdBeferi es of

di vi si on of tkaghakygonakl huphereedton thied prbgrammable pabkgt ¢h4ihé a

di agrammatic yi.ew.show ng_a pol yg produced by division of the polygon of
Fig. 13; 15 VIEigﬁglgﬁlPsgggtggTe illustrating data of the pol ygon
shown in Fig. 15A Fig. 16 is a table showing different amounts of

data handled by the progpammhl & RatkAle SPILREE SRAWINL" 48 Yconverts,
from information of a polygon included in a packet
supplied thereto from the packet engine 72 of the main
CPU 44, the polygon into a curved surface composed of a
plurality of small polygons and outputs data of the
curved surface to the graphical processing unit 49.

Fig. 6 shows an exemplary construction of the
programmable packet engine 48. A packet engine 91
receives a packet transferred from the packet engine 72
of the main CPU 44 and temporarily stores the packet into
a RaM 92. Then, the packet engine 91 stores, from among
data included in the packet, data which designate a
program for processing a polygon (such data will be
hereinafter described) into an instruction RaM 93 and
stores the other data (coordinate data of the apexes of
the polygon) into a source data RAM 94.

A sub-CPU 95 operates in accordance with a
program stored in a ROM 96, and reads out, when data are
stored into the instruction RAM 93, the data and divides,.
based on a program designated by the data (the program
always resides in the sub~-CPU 95), from data of a polygon
(coordinate data of the apexes of the polygon and so
forth) stored in the source data RAM 94, the polygon into
a number (in particular, a number corresponding to a
display size when the polygon is to be displayed on the
predetermined display section) of polygons (sub-~polygons)
corresponding to the position (2 value) of the polygon in
the depthwise direction in the three-dimensional space.



10 Fig. 17A is a diagrammatic view show ng anot her pol ygon
processed by the gane nmachine of Fig. 1; Fig. 17Bis a table
showi ng a data format of the polygon shown in Fig. 17A; Fig. 18A
to 18C are schematic views illustrating calculation of a brightness
val me of a pol ygon produced by division of the polygon of Figs. 17A and

17B; Fig. 19A is a schematic vﬂémgshomﬁng a further polygon
produced by division of the polygon of Fig. 17; Fig. 19Bis a
tabl e showi ng a data forkatthss t%tﬁa%o%hiensppg@%%‘;j produces syhys  20A

and 20B are pep@pﬁ?éﬁyeawm shauridgice cireeddsaeRstentépAds@ttednsly a

corresponding te te; Fig. 21 is.a table showng a, dafa format
representing ac'tlﬁ?%‘g- (ﬁ%ﬁﬁeon%?r%‘f‘g%xfs Mﬁi‘l%cﬁak‘é%lbsg’eofh%:?@ﬁ#%?’%; and
Fi gs. 22A and @2&cailked) aioicldidgl dmsashparkely suppdiicid dheappar ol e

recordi ng app t L.gh e ent, i nv Lon. i d.
DESCRI PTI ON ﬁ%‘ﬁ%ﬁ&h& *EJKB&%#%EN#S' %Pﬁdc%eéefc?‘?#geﬁno%‘%a%e
drawi ngs, Fi gsconposed aficw pinmdbiiyt o bfsubrpgdygomedhi ne f or hone use to

whi ch an information processing apparatus of the present invention is

applied. This gane machine 1 for home use i s conposed ,
Then, the sub-CPU 95 stores coordinate values

of the apexes of a plurality of polygons thus produced
into a destination data RAM 97 so that they may be
supplied to the graphical processing unit 49.

Referring back to FIG. 5, the graphical
processing unit 49 reads out data of coordinate values
(three-dimensional) of polygons after division and so
forth from the destination data RAM 97 of the program-
mable packet engine 48. Then, the graphical processing
unit 49 converts the three-dimensional coordinate values
into  two-dimensional coordinate values for  the
predetermined display section, produces pixel data
corresponding to the polygons from the data, writes the
pixel data into a frame buffer 58 and effects rendering
processing. It is to be noted that, in this instance,
the graphical processing unit 49 calculates, from three-
dimensional coordinate values (x, y, 2), two-dimensional
coordinate values (X, Y) for displaying making use of the
following expressions (perspective conversion).

X=x/z, Y =y/z ‘

The main direct memory access controller 46
effects control such as DMA transfer for the various
circuits connected to the main bus 41. Further, the main
direct memory access controller 46 can also effect
control such as DMA transfer for the various circuits
connected to the sub-bus 42 in response to a state of the
bus controller 43. Meanwhile, the MPEG decoder 47



of a game machi ne body 2, and an operation unit 17 and a recording unit 38
whi ch can be connected to the ganme nmachi ne body 2. The gane
machi ne body 2 is formed in a substantially quadrangul ar shape as shown in
Figs. 1 to 3 and has, at a central position thereof, a disk |oading station
3 onto which a CD-ROM (conpact disk ROM (read only menory)) 40 which is an
optical disk as shown in Fig. 4 and servs as a nediumfor a gane to be

| oaded, nd has t.suitab positi f th anme_nachi ne body,
2 Feset si t cRREEPEPSPRERAPIEY FacbRel Mt GRNe2t oh0.ARCRBREFo=8R ton 5
for sw tchi ngdatpowempseppeq by/ thé , MRPEG skstogmercat itdre SBHEGC lsyStieor.
operating | oading of a disk, and connection sections 7A and 7B for connect-

ing the operation unit 17 for perform ng operations of a gane or the |ike
and the recording unit BBej srb—REPCHOsafifenfofvarions opexations be

recor ded. accordangaewfﬂ?@cﬁfo?}a'%@%ttb%a 1A &nd Rk &3¢ eapl fgpoed in
Figs. 2 and 3. At _the

two stages as shown in :
direct memory access controller 52 effects control such

as DMA transfer for the various circuits connected to the
sub-bus 42 only in a condition wherein the main bus 41
and the sub-bus 42 are disconnected from each other by
the bus controller 43.

The sound processing unit 54 reads out sound
data from a sound memory 59 in response to a sound
command supplied from the sub-CPU 50 or the sub-direct
memory access controller 52 and outputs the sound data as
an audio output.

The communication control sectign 55 (ATM in
Fig. 5) 1is connected to a public network and effects
transmigssion and reception of data wvia the public
network. ‘

The inputting section 57 includes the
connection terminal 12A for connection of the operation
unit 17, a video input circuit 82 for receiving video
data from a different apparatus (not shown) -and an audio
input circuit 83 for receiving audio data_;from the
different apparatus. '

Subsequently, operation of the television game
machine 1 for home use upon picture drawing processing of
a polygon will be described with reference to a flow
chart of Fig. 7.

First in step S1, the main CPU 44 receives a
signal corresponding to a manual operation of the oper-
ation unit 17 by a user via the inputting section 57.



upper stage of each of the connection sections 7A and 7B, a recording
“insertion section 8 for connection of the recording unit 38 is provided,
and at the | ower stage, a connection termnal insertion section 12 for
connection of the operation unit 17 is provided. The recording
I nsertion section 8 has an insertion hole of a rectangul ar shape el ongat ed
I n horizontal directions, and has, in thé7ipside of the insertion hole, a
menory connectin terninal%gﬁnber (not shown) to which the recording unit

38 is connect é¢kur ther Makns(Eh fh PSR Otthe 3% @tngdi RYYY

section 8 has @adndireitd windgesf HRf eigesdad, A Gidagid INogrddtdrTeata
connecting term nal, menber from dust_an sog%&rth. IE S tg be nq;ed t hat
PR EECEDI e ¥

the recordi ng Unit 238 hasSER"EFectFYTaAT REHVED t 1% a
relating to a ppareeetmrs)e roeadledut from the CD~ROMedOt dnnmadvarides

recording uni te, 38, &&%&rinwﬁ%npgﬁﬂs ahngn?SﬂgﬁPéstEl‘? ' GGG Dy 38,

the shutter 9 1n the 1nward |oh'an urther push the recording unit
38 into the irshe MGydes yukhe| graphic darnsdiasd enginke? hehb mesROmMeEct i ng

term nal menbefo an operationMF &@RN@&ELQN term nal insertion section 12
has, as shown in Fig. 2, an insertion hole of a
Then, in step 82, the packet engine 72 of the

main CPU 44 transmits the coordinate values of the apexes
of the polygon, the normal vector of the polygon, the
curved surface parameters to be used by the programmable
packet engine 48 and an identifier which designates a
program to be used for production of a curved surface to
be composed of a plurality of polygons by the program-
mable packet engine 48 as a single packet to the packet
engine 91 of the programmable packet engine 48 via the
main bus 41.

It is to be noted that the packet may otherwise
be transmitted to the programmable packet engine 48
making use of the main direct memory access controller
46.

For example, if such a quadrangular polygon
having apexes PO to P3 as shown in Fig. 8A is produced by
the coordinate conversion of the graphic transfer engine
71, then the packet engine 72 transmits a packef includ-
ing, as shown in Fig. 8B, an identifier (Code in Fig. 8B)
which designates a program, a normal vector (Nx, Ny, Nz
in Fig. 8B) of the polygon, curved surface parameters
representative of a reference curved surface, coordinate
values (Xi, Yi, zi) (1 = 0, ..., 3) corresponding to the
apexes PO to P3, values (ui, vi) (L = 0, ..., 3) of
parameters (hereinafter described) of the reference
curved surface corresponding to the coordinate values and



12 rectangul ar shape el ongated in horizontal directions and a connection
term nal 12A for connection of a connection term nal nenber 26 of the
operation unit 17. The operation unit 17 has a structure
wherein, as seen fromFIG 1, it can be held by the palns of the two hands
and:the five fingers can nove freely to nmanually operate the operation unit
17, and has operation sections 18 and 191%i§posed in aleftwardly and

rightwardly s trical relationship theréon, a select switch 22 ng a
start switch égngo§§ﬁﬁh %Tl%ﬁ?iﬁ?gg-(ﬂedTa?e portiaﬁ gt weh Pﬁ8ﬁ8 eration
sections 18 aedgifie opeodt the proyeasma¥lanpadet oeragiatk ays.t he front
surface sides of the operation sections 18 and 19, and the connection

term nal nmenber 26 and a cable 27 for con- nection to the game nachi ne body
2 Fig. 5 showssare ereempitady thhatcthe cfeomst mfctthenpatkehe gane

machi ne body 24 dgserih <§Qgg : : e as two

buses includiﬁg a na?nqgﬂs 4Eﬁgﬁévgxghgygué.EgFg%ggrbuses@ﬁﬁQgﬁﬁ ﬁggare

connected to PaPHr8Phefegignateds B¥nt thel eidggtifier Code may be
processed.

It is to be noted that, for example, where a
program for processing a reference curved surface as a
gquadratic surface is designated by the identifier Code,
the reference curved surface (X, Yy, 2Z) is represented,
making tuse of parameters u and v, by the following
expressions:

x = £x(u, V) = a4 W+ ay VvV + a, uv

+ag U+ ag V+ oay

fy(u, v) = a; uw +a; v+ a, uv

w
il

+a; u+ag v+ oay
z = fz(u, V) =a, w+a; V+a, uv
+ ay U+ ay V4 oay

Then, of the constants a, to a, in the expres-
sions above, a predetermined number of non-zero constants
3; are transmitted as curved surface parameters to the
programmable packet engine 48.

Further, where a program for 'proégssing a
reference curved surface as a spherical surface is
designated by the identifier Code, a spherical surface
with a radius R and center coordinates (xc, yc, 2zc)
represented by the following expressions making use of
the parameters u and v is utilized as a reference curved
surface (x, y, 2):

X =R Ccos Vv CcOos U + XcC

y
z

'R sin v + yc

i

I

R cos v sin u + zc



Connected to the main bus 41 are a main CPU 44 fornmed froma m croprocessor
or the like and serving as read-out neans and coordi nate conversi on neans,
a main nmenory 45 formed froma RAM (read only nmenory), a main direct nenory
access controller (min DVAC) 46, an MPEG decoder (MDEC) 47, a progranmabl e
packet engine (PPP) 48 serving as first conversion neans, division neans
and cal cul ati on neans, and a graphi cal pl%cessing unit (GPU) 49 serving as
second conversi on nmeans ?pd p&gpuctiqn means Meanwhi | e,

connected to the sub- buSPeBratde; TaduepB S8 Shfe PSR £995 Sessor
or the like, &xc, yx, zc) of the spherical surface lare itansnidrtyedSasf or ned

froma RAM a -dir I cess.coptraqller u 52, @(]\/I53
i n which progr%%e?ucﬁﬁgggggotﬁé% S rtl%ssy ?eﬁ'ﬁhéar epésgf’b%@?%?%ogﬁgie
processi ng uniengisPRUK¥854, a conmuni cation control section (ATM 55, a

CD- ROM drive 56 serving al so as the disk |oading station 3, an inputting

section 57, and a graphi cal processing unit 49, .
Referring back to Fig. 7, in step 83, the

packet engine 91 of the programmable packet engine 48
stores the packet supplied ‘thereto from the packet engine
72 of the main CPU 44 once into the RAM 92 and stores,
from among data included in the packet, the identifier
(Code) designating a program into the instruction RAM 93
and stores the coordinate values of the apexeé of the
polygon, the values of the parameters, the normal vector
of the polygon and the curved surface parameters into the
source data RAM 94.

In step S4, the sub-CPU 95 of the programmable
packet engine 48 reads out the identifier Code from the
instruction RAM 93.  Then, the sub-CPU 95 perfornms
processing using a program corresponding to the value of
the identifier Code. Further, the sub-CPU 95 reads out
data such as the coordinate values of the apexes of the
polygon and calculates a Z value representative of the
position of the polygon in the depthwise direction.

Then, in step 85, the sub-CPU 95 reads out the
values of the parameters u and v and the curved surface
parameters from the source data RAM 94, caléulates a
middle point among the apexes of the polygon in a space
((u, v) spacef defined by the parameters u and v, and
produces sub-polygons from the middle point and the
apexes of the polygon, or in other words, divides the
polygon.

It is to be noted that, since the middle point
produced in the (u, v) space is disposed on the reference
curved surface by mapping it in the (x, y, 2) space using



The bus controller 43 connects the main bus 41 and the sub-bus 42 to each
other and outputs data fromthe main bus 41 to the sub-bus 42 and outputs
data fromthe sub-bus 42 to the nain bus 41. The main CPU 44
reads in, upon starting of the game machi ne body 2, a start program from
t he «eROM 53 connected to the sub-bus 42 via the bus controller 43 and
executes the start program so that the o%@ratlng system nmay oper at e.

The main CPU controls the i ve 56_to read out ap application
program or data% r ofiftPhES W%O\/I"?gw Béﬁed LS SFANSS onCiRVYEhe él%— XEAfCdri ve
56 and store tdepragented | by pthgr acuprvedat surfice t mramateraor uds.

The main CPU Iude etry cal cul at ] n gr.ap t r.ansfer
engi ne (GTE) i’%lfwgfongffecq%ﬁ eo’l;re re%%?c%}lg?legng{slg%ﬁgas coo?&gﬁ'e
conver si on f orfxaert é;h(?—cméddlaap@nvelamis tife tapexapeﬂﬁstm emﬂe&wmatth\a&
points) and s ort o o] IVeTelsY sgm,a?

froma plural |qtéy' ofahbgjsuix? f1gures, alC%That , po %s an q%%ﬁ%et engl ne

(PKE) 72 for ta¥wed-i ng data cal cul at ed by the graphic transfer engine 71
as a packet to the programmbl e packet engine 48 via the main bus 41.

Then, the sub-CPU 95 recursively divides the
sub~polygons until the display size (display area A) of
the sub-polygons becomes smaller than a predetermined'
reference value D.

The sub-CPU 95 stores coordinate values of the
apexes of sub-polygons produced in this manner into the
destination data RAM 97. '

For example, if the polygon shown in FIGS. 8A
and 8B is supplied to the programmablée packet engine 48,
the sub-CPU 95 first divides the quadrangle ABCD into a
triangle ABC and another triangle ACD and calculates the
display area A of the triangle ABC. Then, if it is
discriminated that the display area A is smaller than the
reference value D, a middle point E is produced as shown
in Fig. 92 to produce a sub-polygon ABE and another sub-
polygon BCE. Similarly, the display area A of the
triangle ACD is calculated, and if it is discriminated
that the display area A is smaller than ‘the .reference
value D, then a middle point E is produced as shown in
Fig. 9B to produce a sub-polygon ECD and another sub-
polygon AED.

Then, if those sub-polygons (sub-polygon ABE,
sub-polygon BCE, sub-polygon ECD and sub-polygon AED) are
divided further, then eight sub-polygons are produced as
shown in Fig. 10. In this manner, as division is
repeated, the curved surface composed of the sub-polygons



The graphic transfer engine 71 includes a plurality of operation elenents
for .calculating a real 14 nunber of the
floating point and effects floating point calculations parallelly. The
packet engine 72 supplies data of a polygon cal cul ated by the graphic
trapsfer engine 71 as a packet to the programrmabl e packet engine 48 via the
mai n bus 41. The programmabl @lpacket engi ne 48 converts, from

i nformati on of a polygon included in a packet supplied thereto fromthe
packet engi neappragchidse amisphéRicald, surfausl ygoirh nis Fheurnaferandeace

conposed ofz%dy¢géﬂg&ﬁﬁége§nall pol ygons and outputs data of the curved
surface to the graphical processing unit 49. Fig. 6 shows an

exenpl ary construction of the progranmabl e packet engi ne 48. A packet

engi ne 91 receives a pagikghdridnst @reRd dudn hhesgackiaengbhec¥2 f the
main CPU 44 and tenporarily stqre acket int 2. .Then,, the

t he a, 92.
packet engi nePWILid} 29+ ridid &ﬁb%ﬁ B&t ePﬁEFEHEﬁgi nlw‘i)a@?( ct 1fat a
whi ch desi gnaiispgllayed smaller on the predetermined display section,

then, for example, a parallelepiped (cube} is displayed
with eight apexes (12 polygons) as shown in Fig. 11B. On
the other hand, if the object is displayed somewhat
larger, then an object nearer to a sphere than the object
of Fig. 11B is displayed with 14 apexes (24 polygons) as
shown in Fig. 11C, but, if the object is displayed even
larger, then, for ékample, an object nearer to a sphere
than the object of Fig. 11C is displayed with 26 apexes
(48 polygons) as shown in Fig. 11D.

Referring back to Fig. 7, in step 86, the
graphical processing unit 49 reads out data of the
coordinate values of the apexes of the sub-polygons and
so forth from the destination data RAM 97 of the
programmable packet engine 48. Then, the graphical
processing unit 49 produces pixel data of the sub-
polygons, writes the pixel data into the frame buffer 58
and performs rendering processing.

In this manner, the polygon is divided in
~accordance with the 2 value and a picture of the‘polygons
obtained by the division (sub-polygons aléng the
reference curved surface) is drawn. By drawing a picture
of a predetermined number of polygons, a three-
dimensional object composed of those polygons is
displayed. As described above, since geometry calcula-
tion such as coordinate conversién is performed by the
graphic transfer engine 71 of the main CPU 44 and the
programmable packet engine 48 performs only local cal-
culation for the polygons, the circuit scale can be
reduced, and a parallel arrangement is allowed.



program for processing a polygon (such data will be hereinafter described)
into an instruction RAM 93 and stores the other data (coordi nate data of

t he apexes of the polygon) into a source data RAM 94. A sub- CPU
95 operates in accordance with a programstored in a ROM 96, and reads out,
when data are stored into the instruction RAM 93, the data and divides,.
based on a program desi gnated by the datia (the program al ways resides in
the sub-CPU 95), fromdata of a polygon (cobrdinate data of the apexes of

t he pol ygon and so fort$ybseqrantiy t hdstaile darfa RAM®4, direigbhygon

into a number pfhBe08rhd CHLA o HAMIRET £R7EESRORYI 1 100 2, dhsBlaysh ze when

the polygon is to be displayed“on t"he predeterm ne spl ay section) of
pol ygons (sub¥pbhygefeyerer rea porfdiaw chanthofhHddiai d@+(Z val ue) of the
pol ygon in the depthw se direction in the three-dinensional space.
15 In this instance, the sub-CPU 95 prqduces sub-, pol ygons al ong
a reference curved surf%b??ep%’ésﬁﬁ?@dsﬁﬂ"CGFR?e(?“&TFcheqspé?’a‘E’é}%”?sa(V\/ni ch
wi || be herei gaddeangelar igtadgomeupgedeintiepaick dintauprbi eridmpirde from
the packet engipg,{ge (LA drollAULCEnE GWkeh SUE' R triangular
polygons (area when the triéngular polygons are displayed
on the predetermined display section).

Then, in step S22, the sub-CPU 95 discriminates
whether or not the area A of the polygons is larger than
the predetermined reference value D. If it is discrimi-
nated that the area A is larger than the reference value
D, then the control sequence advances to step S23. On
the other hand, when it is discriminated that the area A
is smaller than the reference value D, the sub-CPU 95
ends division of the polygon.

In step S23, the sub-CPU 95 produces a middle
point positioned in the middle between two apexes of the
polygon in a (u, v) space defined by the parameters u and
v, and divides the polygon into two sub-polygons (sub-
polygons A and B) with the three apexes of the. polygon
and the middle point. For example, in Fig. 934, the
middle point E is produced, and the polygon ABC is
divided into the sub-polygon ABE and the sub-polygon BCE.

When the apexes of the polygon ABC in the (u,
v) space defined by the parameters u and v are, for
example, A = ( f4, /4 ), B = ( (3/4), /4 ) and C = (
(5/4), /4 ), the nmiddle point F between the apexes A and
B is calculated as F = ( /2, /4 ) by averaging components
of the apexes A and B.

However, where the average ( (ul + u2)/2 ) of
the u components of the predetermined two apexes ( ( ul,



conposed of a plurality of sub-polygons). Then, the sub-CPU 95
stores coordi nate values of the apexes of a plurality of polygons thus
produced into a destination data RAM 97 so that they nay be supplied to the
gr aphi cal processing unit 49. Referring back to FIG 5, the
graphi cal processing unit 49 reads out data of coordi nate val ues

(three-di nensi onal ) of polygons after d2¥ision and so forth fromthe
destination data RAM 97 of the program metbl e packet engine 48. Then, the
gr aphi cal pr o@edsi riguni tv249 Qorbeert ssimee tah medndi yesieo Nalcompen@intat e

val ues into {hongk@oeiA08 by 13ROEALIRLS onkaiean fdleind iy QU ef i ned

di splay section, produces “pixel data corresEon ing to the po%§gons from

t he dat a, vvrlntlééutenQOﬁi“%elth&&t 4si deberminadeas uf fQr /A8 Jand Séfcec

rendﬁrln? Pr @8RS SIgRy of! ttthezg @o:a@dmm@l ; To][fﬁtthelt Apleltes anahan@ealsth i nat
gr aphi ca prqp gu cal cul ates romthr | onal ordi nate
val ues (x, vy, 2 43 c/4rr€n5|°&?§d%ed Ve, Q) S:E‘e( %lré%‘;ief SPigt % ayi ng
maki ng use ohdﬁwaehokhewnpgxespkeasdoasatpe(speclzvp conversion),

X=xlz, Y=ylz The main direct menory access control l er 46

effects control such as DVA transfer for the various circuits connected to
the main bus 41. Furt B&r isthe bminetdid dbatpenbr pheqeferengsmcuavedr 46

can al so ef fReiraaNtheh SECheHS dMhdianaf Eﬁhéficéf%ﬁ@fdd&'%h@ﬂe‘iw ts

connected to the sub-bus 42" i'n response ‘to a state of
the radius R is R = 1 and the coordinates (xc, yx, zc) of
the center are (xc, yc, zc) = (0, =2, 2), then the
coordinate values (%, y, z) of the apex A in the three-
dimensional space are, from the expression given
hereinabove (expression of the spherical surface), (x, Yy,
z) = ( 1/2, 1/( 2"?) - 2, 5/2 ). Similarly, the coordi-
nate values of the apex B are (%, y, z) = ( -1/2, 1/( 2
)y -2, 5/2 ). Further, the coordinate values of the apex
C are (x, y, z) = ( -1/2, 1/( 2?) - 2, 3/2 ). Then, the
coordinate values of the middle point E are (x, y, 2) =
(0, -1, 2).

Further, if perspective conversion is performed
for the coordinates of the apexes to obtain two-
dimensional coordinate values for displaying, then the
coordinate values (X, ¥Y) of the apex A are, from the
expression of the perépective conversion given herein-
above, (X, Y) = ( 1/5, (( 2") - 4)/5 ). similarly, the
coordinate values of the apex B are ( -1/5, ( ( 2/2) - 4
}/5 ). Further, the coordinate values of the apex C are
(X, ¥) = ( -1/3, ( (2"®) - 4 }/3 ). Then, the coordinate
values of the middle point E are (x, y) = ( 0, =-1/2 ).

In this manner, when a middle point is produced
in the (u, v) space, the middle point is not disposed at
a middle point in the three-dimensional space or the two-
dimensional space for displaying, but is disposed on the
reference curved surface (Fig. 93).



bus controller 43. Meanwhi | e, the MPEG .decoder 47

16 -operates parallelly to the main CPU 44 and deconpresses data conpressed
by the MPEG system or the JPEG system The sub-CPU 50 effects
vari ous operations in accordance with a programstored in the ROM 53. The
sub- direct nenory access controller 52 effects control such as DVA
transfer for the various circuits conned¢ed to the sub-bus 42 only in a

conditi on wherein the main bus 41 and the=sub-bus 42 are di sconnect ed from
each other by the bus &Bfbrolpettem S24, the sub-GRE A RAF HEE8YPNg unit

54 reads out ndﬁfrédﬁﬁzeﬁbﬁ Cg@uaésam@rfoﬁ%w sfxﬁﬁ-@ﬁﬂ%ohozxa se#nd
command supplie f&lggﬂhe U 50 or direct nepory acgess

control | er 5P3% Bat s Rt aéégl‘gﬁn%udpﬁ"ﬁﬁfiﬁb?g &ing The
conmmuni cat i odesartibeld aecpreseht {ATperfofned fir ithe aubepblggba a.publ iC

network and ‘:I‘-Iofrecé)?ample, polygon dividing processing for the sub-
polygon ABE produced in step S23 1is started from step
521.

Further, in step S25, the sub~CPU 95 performs
sub-polygon production processing for the sub-polygon B.
In particular, the polygon dividing processing being
described at present is performed for the sub-polygon B.

By recursively performing this processing in
steps S24 and S25 in this manner, each polygon obtained
by division is further divided, and the processing is
repeated until sub-polygons having sizes smaller than the
reference value D are obtained by division. In this
instance, since each middle point is produced in the (u,
V) space defineq by the parameters u and v, a curved
surface along the reference curved surface is formed by
the polygons obtained by the division as described above.

It is to be noted that, while, .in the
processing described above, the reference curved surface
is a spherical surface, the reference curved surface may
be any other curved surface. For example, ‘a pc‘;.‘lynomial
of the parameters u and v given by the following expres-
sions may be utilized as the reference curved surface (X,
Y, 2)3

= (1 - v)((1 - u)x, + ux;) + v{((1 - u)x; + ux)
+ Nxf(u, v)

Yy = (1 -v)((1 - u)y, +uyy) + v({(1 - u)y; + uyp)
+ Nyf(u, v)

zZ = (1 - v)((1 - uyzy + uz) + v((1 - u)z; + uzy)
+ Nzffu, v)



transm ssion and reception of data via the public network. The

I nputting section 57 includes the connection termnal 12A for
connection of the operation unit 17, a video input circuit 82 for receiving
video data froma different apparatus (not shown) and an audi o input
cireuit 83 for receiving audio data fromthe different apparatus.
Subsequent |y, operation of the tel evi si @3 gane machine 1 for hone use upon

pi cture draw ng processmgt a, pol ygon wiil be described with reference to
a flow chart of Fig. 7.In this mSta”F%er'sﬁmilﬁesFES Rarappkersih ab 4

receives a signalkept resfndiongobe pofBBYabe opey at)i en (of, bhe ppgere) ation
17 hen. "t hetha B @ 4B+ Badh ot aice B e BrogeAn 3851 aR5EE R4l ves of
t he apexes, atherihdéntifier Cafmt,aconstants xi, yi, zi (i =0, ..., 3)

are supplied as data to the programmable packet engine 48

so that the coordinate values of the four points in the

three-dimensional space are calculated.

f(u, v) of the expressions above is a quadratic
expression of the parameters u and v, and coefficients of
the terms are supplied as curved surface parameters to
the programmable packet engine 48. For exanple, where
f(u, v) is represented by the following expression:

f(u, v) =a W+b 7+¢c v¥+d v+e
the coefficients a to e are supplied as curved surface
parameters to the programmable packet engine 48.

Accordingly, in this instance, a packet
including the identifier Code and the normal vector Nx,
Ny, Nz, the curvgd surface parameters, the constants xi,
yi, zi (i =0, ..., 3) and color data (RGBi) (i =0, ...,
3) corresponding to the four points as shown in FIG. 13
is supplied to the programmable packet engine 48. It is
to be noted that, by providing a digital differential
analyzer (DDA) for the programmable packet engine 48, the
expression of the reference curved surface can be calcu-
lated simply using a recurrence formula.

The polygon supplied in the form of a packet of
data as shown in Fig. 13 is divided in accordance with
the Z value by the programmable packet engine 48 in a
similar manner as where the reference curved surface is
a spherical surface. For example, where the Z value is
high and the polygon is disposed far in the depthwise
direction, that is, where the polygon is displayed small
on the predetermined display section, the sub-CPU 95 of
the programmable packet engine 48 does not divide the



of a reference curved surface (curved surface paraneters)) (read
out .fromthe CD-ROM 40 in advance) fromthe main nenory 45, and converts

t he coordi nates of the polygon by the graphic transfer engine 71 in
response to an operation of the user. Then, in step S2, the
packet engine 72 of the main CPU 44 transmts the coordlnate values of the
apexes of the polygon, the nornal vect o6 of, the polygon, the curved surface
parameters to he used by the programmabl e pa cket .engine 48 and an

i dentifier wWRONIPRgi GRatBsOERSF HRTdS 4 &%dégéalPBr"‘ﬂF%%l’&c‘tsr &tofCa curved
surface to ba ,campezet dh BlgLUILQALtan@fsﬁ@i'elﬂaﬂﬁe b;odﬁaarmmgmaneﬁabl e

packet engine 48 .as a SI ket Q the,pack engi ne of th
pr ogr ammabl e i%&ﬁ Qﬁﬁﬁ 3 Pﬂiyﬁﬁpnlggg %& %%Stlna on PF I's to be

not ed t hat tRAMpE&ETket nmay othermnse be transmitted to the programuabl e

packet engine 48 nmaking use of the main direct nenory access controller 46.
For exanple, if such a quadrangul ar pol ygon havi ng apexes PO to P3 as shown
in Fig. 8A is producedO9sytheeotberdhande vhavertherk dﬁak%l@réfpﬁ—lh@rt ransfer

engi ne 71, tﬁ%t%p%ﬁﬁetp&%d?ﬁ f@ h&éBéEbES rathRekSled /it Udh ithe as

shown in F|g 8B, an identifier (Code 1n Fig. 8B) which designates a
program a néterdh Wé@to?lfﬁﬁtlﬂv' NEhat- F’ﬁ] HBPTEr the RV ddrved

surface par arBlsplayedpr es€iént ileg-gehr aohefttieenpLedutyenised f @deplagor di nat e
section, the sub-CPU 95 divides the polygon into four,
that is, the division number is set to four, as seen in
Fig. 14B to produce four sub-polygons in accordance with
the reference curved surface, and stores coordinate
values of the apexes of the four sub-polygons into the
destination data RAM 97.

However, where the Z wvalue is low and the
polygon is disposed near in the depthwise direction, that
is, where the polygon is displayed large on the predeter-
mined display section, the sub-CPU 95 divides the polygon
into 16, that is, the division number is 16, as seen in
Fig. 14C to produce 16 sub-polygons in accordance with
the reference curved surface and stores coordinate values
of the apexes of the 16 sub-polygons into the destination
data RAM 97.

For example, where the polygon is divided into
16 polygons as shown in Fig. 14C, the 16 sub-polygons
have 25 apexes PO to P24 as shown in Fig. 15A. Thus, the
sub—~CPU 95 arrays coordinate values and color data values
(Xi, ¥i, 2i, RGBi) (i =0, ..., 24) of the apexes in such
a manner as shown in Fig. 15B and store them in the
destination data RAM 97.

It is to be noted that the present example of
division makes use of quadrangular polygons (sub-
polygons).



values (Xi, Yi, Z

i) (i =0, ..., 3) corresponding to the apexes PO to P3,
values (ui, vi) (i =

0O, ..., 3) of paraneters (hereinafter described)

.of the reference curved surface corresponding to the coordi nate val ues
and 18 <color data values R@&Bi (i =
0, ~.., 3) to the packet engine 91 of the programmabl e packet engi ne 48.

It is to be noted that the format of thé&7packet is set in accordance with
the identifier Code so that the program desi gnated b¥ the identifier Code
may be processed. In this manney, pdhgiENPR:APT A ERARFFe, 1%here a
program for pveacesdi b actei@iRdeewitli vedssvef pabspbay Siwsl afhen sittface is
designated by,the.identifier de, the reference curved surface (X..Y, 2)
S representeﬁ? ﬁﬁﬁ?ﬁayﬁéeogfgﬁﬁwﬁﬁﬁé§%§§?¥ﬂ%¥xﬁlﬁﬂ}%ﬁuf??ﬁﬁ?ﬂmrﬂPd
expressi ons: when thexdispley,side isa[smal]l, an] ebjpct hfeing avgmalk] +
aferr] UV numper of apexes is alsBl&Véd a¥ & fL&&derminda AFjdde

and the number of operations necessary for displaying is

reduced. On the other hand, where the display size is

large, an object having a comparatively large number of

apexes is displayed as a predetermined object so that a

user may not feel a difference in shape between the

original object and the displayed object.

Further, by transmitting data of a polygon of
a comparatively rough size to the programmable packet
engine 48 and dividing the polygon in accordance with the
display area by the programmable packet engine 48, the
amount of data to be supplied from the main CPU 44 to the
programmable packet engine 48 via the main biis 41 can be
reduced to reduce the load to the main bus 41.

_ While the amount of data (output data amount)
outputted from the programmable packet engine 48 to the
graphical processing unit 49 increases in accordance with
a division number of a polygon as shown in FIG.- 16, the
amount of data (input data amount) supplied from the main
CPU 44 to the programmable packet engine 48 wvia the main
bus 41 is fixed irrespective of the division number of
the polygon (in the packet of Fig. 13, 6 words per one
polygon). Consequently, the load to the main bus 41 can
be fixed. Further, by this means, data are compressed as
indicated by a data compression ratio of Fig. 16, and the
amount of data to be handled (amount of data communicated
along the main bus 41 and so forth) is reduced.

It is to be noted that, since the graphical
processing unit 49 effects processing of the individual
polygons while holding data of the four apexes of each of



y :'fy(u, v) = aferr] u[err] + a[err] v[err] + aferr] uv

+ aferr] u + aferr] v + aferr] z = fz(u, v) = aferr] uferr] +
alerr] vierr] + aferr] uv + aferr] u + aferr] v
+ alerr] Then, of the constants a[err] to a[err] in the expres-

si ons above, a predeterm ned nunber of non-zero constants a[err] are
transmtted as curved surface paraneterggyorthe progr ammabl e packet engine
48. Further, where a,programfor processing a referepnce curved
surface as a Siffbr MBS Sher SEEPRLCALPERGERRI MY WHE PdohERF: Hhe GG a
spheri cal suréficehev dphexres ashipisl Rednsk Doty £oof bmnaiese (adgaiyc, tire)
represented by _the follow ng .expressions King,use t he parquEe s u and
vis utili zeog%%g al?"éq‘%fee %c%ﬁgv%’agﬁﬁ?f3@589,81%52%‘?’8 ata“o xhé: R cos
V COS U + XC apexes oncg agd&imsi n Aceoydingly, the coutpw cimta aigunk + zc

19 (WO mihiSer A HSn Rl dot O SRS e GRRNUNARPine 48 is
larger than the number of the apexes of the polygons
obtained by the division.

For example, a case wherein data of the polygon
of Fig. 15 divided into 16 sub-polygons having totaling
25 apexes PO to P24 are to be supplied to the graphical
processing unit 49 is examined. First, the programmable
packet engine 48 supplies the data of the apexes PO to P3
to the graphical processing unit 49, and the graphical
processing unit 49 effects processing of the polygon
having the apexes PO to P3. Then, the programmable
packet ehngine 48 supplies data of the apexes P4 and PS,
and the graphical processing unit 49 performs processing
of the polygon having the -apexes Pl, P3, P4 and PS5.
Similarly, the programmable packet engine 48 supplies
data of the apexes P6 to P9 in order, and the graphical
processing unit 49 successively performs processing of
the polygon having the apexes P4 to P7 and the polygon
having the apexes P6 to P9.

Then, the programmable packet engine 48
supplies data of the apexes P2, P3, PI0 and Pil to the

graphical processing wunit 49, and the graphical
processing unit 49 performs processing of the polygon
having the apexes P2, P3, P10 and Pll. Further, the
programmable packet engine 48 supplies data of the apexes
P5 and P12, and the graphical processing unit 49 performs
processing of the polygon having the apexes P3, P5, Pl1l
and P12. Similarly, the programmable packet engine 48
supplies data of the apexes P7, P9, P13 and P14, and the
graphical processing unit 49 successively perfornms
processing of the pdlygon having the apexes P5, P7, P12



(xc, yx, zc) of the spherical surface are transmtted as curved surface
paraneters to the programmuabl e packet engi ne 48. Referring back
to Fig. 7, in step S3, the packet engine 91 of the programmabl e packet
engi ne 48 stores the packet supplied thereto fromthe packet engine 72 of
the*main CPU 44 once into the RAM 92 ang stores, from anong data included

I n the packet, the identifier (Code) de ?gnating a programinto the

oot vaon, the Sal dag ape; K pBe LREe S IRE ey BeHSSa2t 7t " "B B gon - ane

the curved sB¥%ce paraneters into the source data RAM 94. In
step S4, the sub-CPU 95 of the progranmabl e packet engi ne 48 reads out the
identifier Code fromthe instruction RAM 93. Then, the sub-CPU 95
perforns processing usiihEr&astEr arhbco mraspEmashd e (Patqlfétvélf’tgén@f 4&he

identifier Casigoplidd Rita td¥e -4 pRrAGSH Qe ddd & Grath
coordi nate val ues of, the a exes of hge pol érm calculates a value
repr esent at | RF BIeSHEH NG &7 snd %cﬁ{%@#}q laﬁ et i on.
Then, in st epdieddiorediyh-Hef o mer @ﬁm@ﬁmﬁ&mﬂaﬂnﬁsn@uaﬂh@qdm ers u
and v and thelﬁ:g; Vs‘?ignﬁ‘érf%%%n%@ ameters-fromthe source data RAM 94,

d

cal cul ates a ‘'mddle p0|nt anong "t he apexes of the polygon in a space ((u,
v) space) defined by the parameters u and v, and produces sub-pol ygons from

the mddle point and tR§nce the programmable packet engine 48
supplies data of the apexes of the individual polygons to
the graphical processing unit 49 in such a manner as
described above, data of the 15 apexes including the
apexes P2, P3, P5, P7 and P9 and the apexes P10 to P19
are supplied twice to the graphical processing unit 49.
Accordingly, since data of totaling 40 (= 25 + 15) apexes
are supplied to the graphical processing unit 49, the
data output amount from the programmable packet engine 48
when the polygon is divided into 16 is 40 words as shown
in FIG. 16. Data supplied in this manner are called
stripe mesh. ’

While, in the embodiment described above,
curved surface parameters representative of a reference
curved surface are supplied to the programmable packet
engine 48, a parameter representative of the position of
a light source may be supplied together with caordinate
values of the apexes of the polygon to the progfammable
packet engine 48 so that, after the polygon is divided in
accordance with the 2 wvalue, brightness values of the
polygons (sub-polygons) obtained by the division may be
calculated from the parameter representative of the
position of the light source.

For example, data including a light source
parameter representative of the position of a 1light
source together with coordinate values (Xi, Yi, Zi, (i =



apexes of the polygon, or in other words, divides the polygon. -

It ks to be noted that, since the mddle point produced in the (u, v) space
i s disposed on the reference curved surface by mapping it in the (x, y, 2)
space using 20 the expression of the
reference curved surface represented the curved surface paraneters,
sub- pol ygons along the reference curved“sufface are formed fromthe mddle

poi nt and thejapexes QLdggetﬂgl ng&esgf%@ﬁ] gos p3d ‘%EE%%S} égré%o%or@%)sed of

sub- pol ygons 1§ pfotutec , thé s Sively
di vi des t he s®iowol ioRsgunlvh,t he ngirmplayesiter (HspMyy a¥zda amd gint he
sub- pol ygons
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produced in tFP% Pexfermingo ¢heiding processing of a polygon “are
recorded in advance on the CD-ROM 40, and the data are
read out and stored into the main memory 45. Then, after
coordinate conversion of the polygon is performed by the
graphic transfer engine 71, those data are supplied as
one packet to the programmable packet engine 48 as shown
in Fig. 17B by the packet engine 72. Then, the program-
mable packet engine 48 performs, after division of the
polygon, calculation of brightness wvalues of the
individual sub-polygons from the light source parameter.
It is to be noted that, where a point light source is
used, coordinates (Lx, Ly, Lz) of the point light source
and colo; information (Lr, Lg, Lb) of the light source
are supplied as light source parameters to the program-
mable packet engine 48.

The programmable packet engine 48 calculates,
from the light’ source parameters supplied thereto,
coordinates (p0, gq0) of an intersection point between a
normal from the light source and a two-dimensional plane
(p, 4q) including the polygon shown in FIG. 18A and the
height h of the light source from the two-dimensional
plane (p, gq), and further calculates, from coordinate
values (p, q) of the apexes of individual sub-polygons,
brightness values L (which increase in inverse prbportion
to the square of the distance from the light source) at
the apexes of the sub-polygons in accordance with the
following expression:

L = b*/(h? + (p - p0)2 + (q - q0)?)

For example, where a polygon is divided into
eight sub-polygons, the programmable packet engine 48
calculates the brightness value for each of the apexes of
the sub-polygons. Then, the graphical processing unit 49



destination data RAM 97. For exanple, if the polygon shown in
FIGS. 8A and 8B is supplied to the programmabl e packet engine 48, the
sub-CPU 95 first divides the quadrangle ABCD into a triangle ABC and

anot her triangle ACD and cal cul ates the display area A of the triangle ABC.
Then, if it is discrimnated that the display area Ais smaller than the
ref erence val ue D a mddle point Eis ﬁﬂoduced as showmn in Fig. 9A to

produce a sub- on ABE and_ anot her sub- pol pn %gg |mlz¥'&& t he

di spl ay area.?%) i%ﬁ?%lﬁh&ﬂﬁFéghEﬂﬁﬁg N Rt eg,eaﬁ TROYITRS

di scri m nat eceidabr idietrii<epl Ayl BfL oA tife Sdpdter dharhe hmib-gfeliyegrs val ue
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sub- pol ygons ¥&Rib- (Simigerr IABE where- poby@ygoBCES SLpLgra Viguie BED st

sub- pol ygon dighded, SYELRgin1 LN Qcﬁb'ahten@ihequyms:@raq;e@ oduced
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as shown in manner , division is r%ngfed t he

cur ved surfac@‘kﬂhﬁﬁtﬁ?@j ‘tﬁl\t%fmrbtﬁtﬂylgtﬁﬂsvldual apexes o e sub-

polygons. Then, the graphical processing unit 49 calcu-
lates the brightness valueéiof the sub-polygons from the
brightness values of the apexes of the sub-polygons and
effects displaying of the polygon as shown in Fig. 18C.
By calculating the brightness values  for individual
polygons of a predetermined polygon in this manner, the
brightness value of the surface of an object can be
varied finely.

Then, the brightness values calculated in this
manner for the individual apexes (25 apexes in this
instance) of the sub-polygons produced, for example, by
16 division as shown in Fig. 19A are outputted together
with the coordinate values of the individual apexes from
the programmable packet engine 48 to the graphical
processing unit 49 as shown in Fig. 19B (the brightness
values are read by the graphical processing unit 49 from
the destination data RAM 97 of the programmable packet
engine 48).

By dividing. a polygon and calculating the
brightness values of individual sub-polygons in such a
manner as described abave, the density in variation of
the brightness value can be adjusted in accordance with
the display size of the polygon. - Further, by this means,
since the graphical processing unit 49 is reguired only
to perform linear calculation such as glow shading, or in
other words, since the graphical processing unit 49 need
not perform complicated 1light source calculation, the
load to the graphical processing unit 49 can be reduced.



21 approaches a spheri cal
Simlarly, when such a spheri cal
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di spl ay secti
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if the object is displayed snmaller on the predeterm ned

on, then, for exanple, a parallelepiped (cube) is displayed
wi th ei ght apexes (12 polygons) as shown in Fig. 11B. On the other hand,
I s di splayed sonewhat | ar ,then an object nearer to a

surface which is the reference curved surface.
object as shown in Fig. 11Ais to be
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he graphical processing unit 49

11C

reads out data of the coordi nate val ues of the apexes of the sub-pol ygons

and so forth fromthe destifed| oOWmdald RAV $heOferdiifa A 2aBBEE HOQCKet

engi ne 48.
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Then, the grap hlcahagroce55|n unit 49 produces pixel data of
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(model)) having a three-dlmensional basic shape (such as
a spherical, cylindrical, cubic or planar shape) into the
programmable packet engine 48 (ROM 96) in advance,
represent a predetermined three-dimensional cbject with
an identification number  (template pattern 1ID)
corresponding to the template and difference values at
representative points of the template (deviations between
the representative points of the template and points of
the three-dimensional object corresponding to the repre-
sentative poihts), and record them onto the CD-ROM 40.

For example, such a shape of a body of rotation
as shown in FIG. 20A, that is, a body of rotation
symmetrical with respect to a predetermined axis of
rotation, is represented by a template pattern ID which
designates a cylindrical template shown in FIG. . 20B and
deviations (difference values) nij from the template at
representative points Pij (i = 0, ..., 9) of the
cylindrical template. - v

Where such a templates as described above is
utilized, the main CPU 44 reads out the template pattern
ID, the coordinate values of the object and the devia-
tions nij from the template from the CD-ROM 40, and
transmits the numerical values as one packet together
with an identifier Code which designates a program for
processing this polygon as shown in Fig. 21 to the
programmable packet engine 48.

thgapRexfE°f He PRHYFEHWhieh Sermsd
perforns rendgr tngeér-améﬁsﬂanal ob ect arénrémSanﬂ@ém the @DJ-H@QH is



reference curved surface) is drawmn. By drawing a picture of a
predet er m ned nunber of polygons, a three- dinensional object conposed of

t hose pol ygons is displayed. As described above, since geonetry cal cul a-
tion such as coordinate conversion is performed by the graphic transfer
engine 71 of the main CPU 44 and the prggrannable packet engine 48 perforns
only local cal- culation for the polygofs, the circuit scale can be
reduced, and a parallel arrangenent is all.oped,

22 SubsequertE QPaichep§ﬁ°Wetﬁg t&FvLB?ﬁgegfocggging f or
a pol ygon i n tceprafmatillel paekeesenghad #8tperidmerreqessdng of &hart of
Fig. 12. BHeS et 0o S Sl Plond 11€ 0B BeEPU R el I8 e

quadrangular‘%ﬁ?@g%ﬁ suppl re herefo Tnto two triangul ar, pol ygoans and

cal cul ates t lpackage nsdngt acorogumydesignatedoRy B¢ et iSte SCFfangul ar
pol ygons are ;¢ SplqadediAn {Hie Raeseker nangd rifslsayteecihi®nkenplate
Then, in step S22, the sub-CPU 95 discrininatgg .
pattern ID to read out data of a template corresponding
to the plate pattern ID from the ROM 96. Then, the
programmable packet engine 48 specifies the shape of the
three-dimensional object from the data and the deviations

nij from the template.

By representing a three-dimensional object with
a template pattern ID which designates a template and
deviations nij from the template in this manner, the
amount of data to be recorded on a CD-ROM or the number
of times of operation for coordinate conversion and so
forth can be reduced based on the symmetry of the shape
of the template. For example, in a cylindrical template
as shown in FIG. 20B, the shape shown in Fig. 20A can be
represented only with deviatieons in a radius direction

(one-dimensional).

Fig. 22 shows different exemplary production
apparatus for producing the CD-ROM 40. The production
apparatus of Fig. 222 is constructed such that it records
a predetermined three-dimensional object in a data format
in units of a polygon shown in Fig. 13. ‘However, the
production apparatus of Fig. 22B is a recording apparatus
to which the present invention is applied, and is
constructed such that it records a predetermined three-
dimensional object in a data format which makes use of
the template as shown in Fig. 21.

In the production apparatus of Fig. 22A, a

" modeller 112 receives a signal corresponding to a manual
operation of a designer, that is, a person who produces
an image, from an inputting apparatus 111 and produces a



whet her or not the area A of the polygons is |larger than the predeterm ned
ref-erence value D. If it is discrim- nated that the area Ais |arger than
the reference value D, then the control sequence advances to step S23. on
t he other hand, when it is discrimnated that the area Ais smaller than
the reference value D, the sub-CPU 95 ends division of the pol ygon.

In step S23, the sub-CPU 95 produces a3ﬁ1QQIe poi nt positioned in the

m ddl e bet n two ,apexes of the polygon in a (u, v) space defined by the
o et or 5 FAHRE G HRR LAPOLICEIERS. 1o FHROPAED 2 MSTIRN. FERFGSHON sub.
pol ygons A &1 the Weshighbe .t hree apexes of the polygon and the mddle

poi nt . For exanple, in Fig. 9A the mddle point Eis produced, and the
pol ygon ABC is divided into the sub-pol ygon ABE and the sub-pol ygon BCE.

Wien the apexes of th&hgohgdehléBQ i supplies infomneatslateriegaddingt he
parameters ?:E}ii)v\édt Grelill SXpY ?rlgé‘géeﬁ éﬁreéﬁd%mer%for%lg%%gcitls 4 ) and

C=( (54), : e mddl e point et ween t exes )
cal cul ated & FakR (operafipn pirgudtaglhly esSpofePRsies Ceerdiapte A and B.

However, wheffudie ofVehad8pbxbl! of Pélydons Ghidie fbrad RN PRouRkdt he
predeterm ned two nges ( & ul ,, - ,
three-dimensional object to a recording apparatus 114.

The operation circuit 113 calculates curved
surface parameters corresponding to the individual
polygons from the information of the curved surface
supplied from the modeller 112 and supplies the curved
surface parameters to the recording apparatus 114.

The recording apparatus 114 irradiates a laser
beam upon a master disk to record data, that is,
recording data, supplied thereto from the modeller 112
and the operation circuit 113 on the master disk. It is
to be noted that the master disk has photoresist applied
to a surface thereof, and is irradiated by the recording
apparatus 114 so as to be optically sensitized in the
shapes of pits corresponding to the recording data.
Thereafter, the master disk is developed. Then, from the
master disk having concaves and convexes on the surface
thereof, a stamper is produced. Further, a large number
of CD-ROMs as replica disks are produced from the
stamper.

By irradiating, upon production of a stamper
for CD-ROMs, a laser beam on a master disk in accordance
with recording data in this manner, recording data
including curved surface parameters and coordinate values
of the apexes are recorded onto individual tracks. Then,
by further transferring a stamper to which the master
disk has been transferred, a CD-ROM having pit shapes
corresponding to the recording data is produced.



23 vl ), (u2, v2) ) is , since a point whose u conponent is not defined
by it he expressions given hereinabove, the m ddle point then is determ ned
as ( 0, /2 ). Since the average of the u conponents of the apexes A and C
is ( (5/4) - /4 ), coordinate values of the mddle point E between the
apexes A and Care ( 0, /2). It is to be noted that, if the
reference curved surface then is, for ekgthe, a spherical surface wherein
the radius Ris R =1 apd the coordinates.(Xx¢ zc) of the.center are
(xc, yc, zc) = (0, -2, ‘;‘jlf’s?‘ﬁ'é‘?f’? v coBr 'h%atﬁer%ﬁ*%é‘g"(ﬁpgﬁrﬁﬁusofo he apex
A in the threBigdi 22Bsi ambdshber e rdacmesha sipneisconrgspending

her ei nabove (gxpre éﬁ& of riga : , Vorn Z3 i /2, 1/ (
2[err]) - 2, E?Za) %% | mJ1 a?éé},ea?ﬁ%?c%gréi %%Je{%g‘%aléﬁe&sm oﬁnt rép%%%%(ﬁ% are
(x, y, z) = (appapatus( 1lflerand) producss? 3  tigetmensiensdor ePHeEe val ues
of the apex Cbéfﬁeé?mndin&)t& 4 ndddal YherdtSldd Jor the %@%i?nerThen, the
coordi nate values of the mddle point Eare (x, y, z) (0, -I, 2).

Further, if perspective conversion is perforned for the coordi nates of the

aﬁexes to obtain two- drh@nsieelnsharrimal® sappeiekoingbospaBioNgof t hen
t he

the produced three-dimensional object to an operation
circuit 115 and supplies coordinate values of representa-
tive points of the produced three-dimensiocnal object to
a recording apparatus 114.

The operation circuit 115 serving as calcula-
tion means selects, from within the information of the
three-dimensional object supplied from the modeller 112,
a template corresponding to the three-dimensional object,
calculates an identification number of the template and
difference values between representative points of the
template and representative points of the three-
dimensional object produced by the modeller 112, and
supplies the identification number and the difference
values to the recording apparatus 114.

The recording apparatus 114 serving as
recording means irradiates a laser beam upon a master
disk to record recording data (a template pattern ID and
difference values at the representative points).supplied
thereto from the modeller 112 and the operation circuit
115 onto the master disk. Then, CD-ROMs are produced
form the master disk similarly as in the production
apparatus of Fig. 22A.

A CD-ROM holding a template pattern ID and
difference values at representative points as recorded
data thereon is produced in such a manner as described
above.



coordinate values (X, Y) of the apex A are, fromthe expression of the
perspective conversion given herein- above, (X, Y) = ( 1/5, (( 2[err]) -
4)/5 ). Simlarly, the coordinate values of the apex B are ( -1/5, ( (
2[err]) - 4)/5 ). Further, the coordinate values of the apex C are (X Y)
= (-1/3, ( (2[err]) - 4 )/3 ). Then, t3 e coordi nate values of the mddle

point E are (x, y) = -1/2) . In this manner, Wnenan‘iddle
point is produced in t Oﬁ.ﬁ)osed at
a mddle point in the t ree dﬁn%%?%%%?ﬁgg%&%%’ﬁ%ﬁl%ﬁ rrenS| al space

for displayi rgigiing gleeﬂds;f@gea vev tard rgtncdiede regevadng yredien (). 9A) .
24

rdd&aind ﬁ@&n%hatb@u%@é&% B?EE@ﬁgsfaséliklﬁHﬂﬁgj)
production proges he sub- pol ygon A particular, the polygon
G Vi d g pr REEETHITE (1 rifs sty EROSsesdBt s TpaRFaREaSFor | he

sub- pol ygon A. For exanple, polygon dividing processing for t he sub-

pol ygon ABE produced |nI te{) 82‘,:*3 i star(’g{g’aétldfré}1 step s, in the

embodiment described above, a CD-ROM is utilized as a
recording medium, any other suitable recording medium may
be utilized.

It will be apparent from the foregoing that,
while particular forms of the invention have been illus-
trated and déscribed, various modifications can be made
without departing from the spirit and scope of the
invention. Accordingly, it is not intended that the
invention be limited, except as by the appended claims.



Further, in step S25, the sub-CPU 95 perforns sub-pol ygon production
processing for the sub-polygon B. In particular, the polygon dividing
processi ng being described at present is perforned for the sub-pol ygon B.
By recursively performng this processing in steps S24 and S25 in this
marner, each pol ygon obtained by divisiog;is further divided, and the
processing is repeated until sub-polygonS having sizes snaller than the
reference valwﬁaQ_Q@ecqgﬁﬁbaeqsby di vi si on. In this instance, since each
m ddl e point is produced int é y) space defined py, the paraneters u
and v, a curved surfacelalon& i OFQFEBeHSQIEErv%ﬁmgﬁ%ﬁﬁﬁ% is formed by the

polygons obt ai ned by tha Qb%b&dﬁﬂgaéldﬁéﬁtkb@ﬂdabove It isto
be noted that, while, in the oce55|ngFH§§cr|bed agpve t he reference

curved surface is a sph&riFEAl gﬁpﬁégg PHEECREC B dRTe 8 SSFF&C@ may be
any ot her curwedpredébeenifed otgmgte, in pnlyhnaeadlmén$h@n@braﬂnmxys u and

' by th | f
e ol oA AR PR ToraRRITBE [oughid SO I SRS |
(1 - u)x[err] a ueferenge+ aud (diffprence valpes (hetwegn( qoprdimpffeerr] +
uy[err]) + v( vahues!) ¥E e ex*e:;“%f”t]ﬁe +pBKE EU.op4 ct and c%crdlﬁjate v) ((1
- u)zferr] + u%iﬁiég)og-a (1 - u)zferr] + uz%err Nz f

pexes of the prede ermlned object whereby
efficient data processing is facilitated.

2. A recording apparatus for recording data
of a predetermined object in a three-dimensional space
onto a recording medium, comprising:

calculation means for calculating, from the
object in the three-dimensional space, identification
information of a basic object which makes a reference and
difference values between coordinate values of apexes of
the basic object and coordinate values of apexes of the
predetermined object; and

recording means for recording the identifica-
tion information and the difference values calculated by
said calculation means as data of the predetermined
object.

3. A recording method for recording data of
a predetermined object in a three-dimensional space onto
a recording medium, comprising the sﬁeps of: ‘

calculating, from the predetermined object in
the three-dimensional space, identification information
of a basic object which makes a reference and difference
values between coordinate values of apexes of the basic
object and coordinate values of apexes of the predeter-
mined object; and

recording the identification information and
the difference values calculated in the calculating step

as data of the predetermined object.
R 0 R T




25 In this instance, while the paranmeters u and v are kept fixed
to four points of (u, v) = (0, 0), (1, 0), (1, 1) and (0, 1) in advance in
t he program designated by the identifier Code, constants xi, yi, zi (i =0,
.., 3) are supplied as data to the progranmabl e packet engi ne 48 so t hat
the coordi nate values of the four points é;\the t hr ee- di nensi onal space are

cal cul at ed. f(u, v) of the ex 2Ssions above is a quadratic
expression of the parangters oegé are
supplied as curved surpgce p%ﬁaneqﬁ%mqé%Xﬁ# 0g ra §§E£§£englne 48.

For exanpl e, whapeisiog:v) is represented by the follomnng expressi on:
f(u v) =a u2+b 7 $a6q-Yher Wtk fof %eta'&%n %CHSEES frd® § are

supplied as curved surface paraneters to acket engine 48.
Accordingly, FREPEAINgneddic® en pubieh |dr¢éilaucﬁfngat ﬁé‘rle&e‘ﬁtlmﬁﬁélm@ e and

the nor mal ve@ bctX.cdibpoits dfeaCyyMath ISUH ase Eihﬂéﬁtﬁrg%retsh&rﬁoﬂﬂants
Xi, yi, zi % and_col or data ¢4%é 3)
correspond|ngtpﬁeﬁﬁglFﬁﬁ 135?%t§p%§esﬁ5 *He 13
first conversion means for converting the plane
figures into a curved surface composed of a number of
plane figures corresponding to a display size on a
predetermined display section; and
second conversion means for converting data of
the curved surface obtained by the conversion by saiad
first conversion means into two-dimensional display data,

whereby efficient data processing is facilitated.

5. An information processing apparatus as
recited in claim 4, and further comprising:

coordinate conversion means for converting
coordinates of apexes of the pléne figures read out by
said read-out means.

6. An information processing method, compris-
ing the steps of:

reading out data from a recording medium on
which data of a three-dimensional object composed of a
plurality of plane figures in a three-dimensional space
are recorded; . )

converting the plane figures into a curved
surface composed of a number of plane figures
corresponding to a display size of a predetermined
display section; and

converting data of the curved surface obtained
by the conversion by said first conversion means into
two-dimensional display data, whereby efficient data

processing is facilitated.
-

O



I's supplied to the programmbl e packet engine 48. It is to be noted that,
by providing a digital differential analyzer (DDA) for the programmble
packet engine 48, the expression of the reference curved surface can be
calcu- lated sinply using a recurrence formul a. The pol ygon
supplied in the formof a packet of datg as shown in Fig. 13 is divided in
accordance with the Z value by the prog gnnable packet engine 48 in a

simlar manner -as where, t he tef e d

surface. For exanple, 3%erez%h Eﬁ %Eéégh gﬁ%cgggﬁhé p&ﬁ@ﬁ%n I's 'di sposed
far in the depPmswssingr ection, that I's, where the polygon is displayed
smal | on the predetermf@c{h—f&f@'ﬁ&aﬁé%ﬁ;ré@&%ﬁé‘b' ofRU £ Hf £EBR a

programmabl e packet engi ne 48 does not
26 pol ygon, %RCOFAAhepedbins on pihifly daba Rénserthteedinengional seen in

Fig. 14A andoﬁjéwsczbmpogeer@fnaé epYarHestof otfhepmem@tmé@emola/gon
into the destlnathy dat a, RAM 9 t he ot her hand, where the
Z value is ratihe imens1onal space are recorde
division means for d1v1d1ng the plane figures
in accordance with a display size on a predetermined
display section;
calculation means for calculating brightness
values of the plane figures obtained by the division from
brightness values of the original plane figures; and
production means for producing two-dimensional
display data from the 'brightness values of the plane
figures obtained by the division, whereby efficient data

processing is facilitated.

8. An information processing method,
comprising the steps of:

reading out, from a recording medium on which
data of a three-dimensional object composed of a
plurality of plane figures in a three-dimensional space
are recorded, the data;

dividing the plane figures in accordance with
a display size on a predetermined display section;

calculating brightness wvalues of the plane
figures obtained by the division from brightness values
of the original plane figures; and ‘

producing two-dimensional display data from the
brightness values of the plane figures obtained by the
division, whereby efficient data processing is
facilitated. o

9. A recording medium, comprising:

a recording element; and

a recording on said element having data
defining a curved surface which forms a three-dimensional

I




| ow and the polygon is disposed rather nearer in the debthmﬁse direction,
that is, where the polygon is displayed rather |arger on the
predet erm ned di splay section, the sub-CPU 95 divides the polygon into
four, that is, the division nunber is set to four, as seen in Fig. 14B to
produce four sub-polygons in accordance yith the reference curved surface,
and stores coordi nate val ues of the apexes pf the four sub-polygons into
the destinatiggidata M. 97 Yy : ve er h : LS | ow
and the polygonjgs digﬁbsedtﬁggf Fﬁmfﬁglgggﬁhw%ggggifﬁg%igﬁ%i¥ﬁ?$815, wher e
the pol ygon i ®od¥gprayadcharfgamsn the phederdinensienriili epiegtsesaidn, the
sub- CPU 95 di ¥h€gS pelfgPleerdedned 16, pdHddt | 65 IhEofhdt 860NoAUBRER 1S 16,

as seen in Fig. 14C to produce 16 sub-polygons in accordance with the
reference curY8H°58iPIc818M@"Et or es coordinate val ues of the apexes of the
16 sub-polygons into the destination data RAM 97. For exanpl e,

SUb pol ygons. have 25 apiies BoFeeoPRsRE A B HRgteE AR HHadh tne
sub- CPU 95 ar whpseinosalidaiata defdsn iamgd thel onrved swdlams iludes, adi ,
and btore theilentifitnounlof SIEKGTLL ALY oot AR ERL], 1%
noted that théngesBakioBxanpl e of division makes use of quadrangul ar
pol ygons (sub-
11. A recording apparatus for recording three-
dimensional image information, comprising: )
means for supplying information defining a
curved surface which forms a three-~dimensional object;
means for supplying information defining a
polygon which forms the three-dimensional object; and
means for storing the information defining the
curved surface and the information defining the polygon
in a packet.

12. A recording apparatus as recited in claim
11, and further including a programmable packet engine.

13. A recording apparatus as recited in clain
11, wherein said information definiﬁg the curved surface
includes an identifier which designates a processing
program for the information. ' \

14. A recording method& for recording three-
dimensional image information, comprising the steps of:

supplying information defining a curved surface
which forms a three~dimensional object;

supplying information defining a polygon which
forms the three~dimensional object; and

storing the information defining the curved
surface and the information defining the polygon in a

nmglgmm Iy




pol ygons) . 27 In this manner,
t he. shape of an object is varied in accordance with a size (display size)
when it is displayed on the predeterm ned display section, and when the

di splay size is small, an object having a small nunber of apexes is

di spl ayed as a predeterm ned object and4&he nunber of operations necessary
for displaying is reduced. On the other "hand, where the display size is

large, an object having s CTRREALhYEhynbRRSS d4ERRLLEN BRCIERI 4l Spl ayed

as a predeterm ned object so that a r may not feel a difference’in shape
bet ween the otheisidl spjidctinfrrnateiall sgpflagngpjtérg  curved surfagg t her,

by transm ttijighdaied Ohna RUMAEH dnseRAPaiadigifited N ridddsdind he
programmabl e packet engi 48 agnd di vi ding the polygon in accordance with
t he di spl ay qﬁ?td&i 3&6@ 188cket engine 48, the anount of data
to be supplied fromthe main CPU 44 to the programuabl e packet engine 48

via the main bus 41 can be nedueed,h 8. SUGe, e f930eb8rd 1y TR 2YS 41

dimensional image information, comprising:

means for inputting information defining a
curved surface which forms a three~dimensional object in
a three-dimensional space and information defining a
polygon which forms the three-dimensional object;

means for dividing the polygon into a plurality
of sub-polygons in accordance with the information
defining the curved surface inputted by said inputting
means; and

means for producing information defining the
sub~-polygons obtained by said dividing means.

17. A recording apparatus as recited in claim
16, wherein said sub-polygons are guadrangular.

18. A recording apparatus as recited in either
claim 15 or 16, wherein said information defining the
curved surface includes an identifier which designates a
processing program for the information.

19. A recording method for recording three-
dimensional image information, comprising the steps of:

inputting information defining a curved surface
which forms a three-dimensional object in a three-
dimensional space and information defining a polygon
which forms the three-dimensional object;

dividing the polygon into a plurality of sub-
polygons in accordance with the information defining the
curved surface inputted by said inputting means; and

producing information defining the sub-polygons

obtained by said dividing means.
A AL




Wil e the amount of data (output data anount) outputted fromthe

pragr ammabl e packet engine 48 to the graphical processing unit 49 increases
in accordance with a division nunber of a polygon as shown in FIG 16, the
amount of data (input data anount) supplied fromthe main CPU 44 to the

pr agr ammabl e packet engine 48 Via the main bus 41 is fixed irrespective of
t he division nunber of the polygon (in t4e packet of Fig. 13, 6 words per
one pol ygon). Consequently, the load to the -main bus 41 gan be, fi xed.
Further, by this means,2%at & FETHMRReLhodsas fhTHacH 1pycLa Bt 32/

conpressi on rahkévedh FAaPd sibh-PdTlyddies amdfuadradhatiuidatro be handl ed (anmount
of data communi cated al ong the main bus 41 and so forth) is reduced.

It is to be noted that, since the graphical processing unit 49 effects
processi ng of the indiv2dualA pagogaissgvieltboliohsireidaida iaf clhdmf DWy apexes

b ocessi ng unlEeAE s 881 AntpTmakion, definifl LEFTLAIER SEcALAPN CH
nmore again, thechudes ammabidenbtRier endiich 48esigpites shepXesessing he
apexes once bGrahCESF WG| Inedhifatoitput data anount (word nunber) from
t he programmabl e” packet engine 48 i1s .
22. In a graphics system, the combination
comprising:
means for dividing a polygon into a plurality
of sub-polygons;
means for calculating the brightness values of
individual sub-polygons; and
means for adjusting the brightness density of
an image in accordance with the display size of said
polygon.

23. A graphical method comprising the steps
of:

means for dividing a polygon into a plurality
of sub-polygons;

means for calculating the brightness values of
individual sub-polygons; and

means for adjusting the brightness density of
an image in accordance with the display size of said
polygon. ‘ '

A



| arger than the nunber of the apexes of the pol ygons obtained by the

di W si on. For exanple, a case wherein data of the pol ygon of
Fig. 15 d|V|ded into 16 sub-pol ygons having totaling 25 apexes PO to P24
are to be supplied to the graphical processing unit 49 is exam ned. First,
t héd progranmabl e packet engi ne 48 supplies the data of the apexes PO to P3
to the graphical proceSS|ng unit 49, and3the graphi cal processing unit 49

ef fects proce % n, the
progranmabl e pack Jggéﬁ} eR§8ﬁg§BBB§eéﬁﬁ %gﬁﬁiﬁﬁﬁgﬁxggfégmg%mandXEE and
the graphical PINRORMNTIPNUPROCESSING] OANE RECRORRENG JIEFHOHh FHEEEFYBN havi ng
the apexes P1, P3, P4 and P5. Simlarly, the programmabl e packet engi ne 48
supplies data of the apexes P6 to P9 in order, and the graphical processing
unit 49 successively perforns processy Qgthe pol ygon havi ng the apexes
P4 to P7 and the polygon having the apexes 6 to P9. Then, the
programmabl e packet engjne 48 auRglle dat a of tge apex P3 ., P10 and
P11 to the graphical ptobE8SSYRgNd hrtiuke Tegny lP%eangréB PEmRLEPBCcessi ng
unit 49 perfopﬁﬁceS@tﬁgSIa@aﬁaﬁdE pokdy gretheds ngoyt herhdphxeefPRciét P10

and P11. Fur r,.the pragr ac In up dat of the
apexes P5 andﬁgﬁﬁésghﬁgﬁﬁgggg |§Qﬁp ﬁgggaﬁﬁﬁd%ﬁi§“§9%§% (H?ﬁp %cessing
of the poIygonehdmlmgaphee&péxes:PB¢WE5 cest. andAPmalnfﬁRﬁlapnyert@e
programmabl e easkﬁ gk Nge 48 puﬂpgbﬁs Hakes éngaetapQXﬁé \;Zl &ferfd3 and

P14, and the %rap process nit 49 ce55|ve or ns
ion of an operatlon unit by a user and transmlts data of

the polygon to a programmable packet engine via a main
bus. The packet engine calculates a 2 value representa-
tive of the position of the polygon in the depthwise
direction from coordinate values of the apexes of the
polygon supplied from the main CPU, divides the polygon
into a number of sub-polygons corresponding to the %
value, converts coordinate values of the apexes of the
sub-polygons ‘in accordance with a normal vector and
curved surface parameters and produces a curved surface
composed of the sub~-polygons. A graphical processing
unit writes pixel data of the sub-polygons produced by
the programmable packet engine into a frame buffer and
performs rendering processing.

Figures 6 & 7



processi ng of the polygon having the apexes P5, P7, P12

29 and P13 and the pol ygon having the apexes P7, P9, P13 and P14.
Thereafter, the programmabl e packet engine 48 supplies data of the apexes
P10 to P24 to the graphical processing unit 49 and the graphical processing
unit 49 successively perforns processing of individual polygons in a
simlar manner. Si nce the progranmmabl e packet engi ne 48 supplies
data of the apexes of the individual gglygbﬁs to the graphical processing
unit 49 in such a manner as describe&'above, data of the 15 apexes

i ncl udi ng the apexes P2, P3, P5, P7 and P9 and the apexes P10 to P19 are
supplied twice to the graphical processing unit 49. Accordingly, since data
of totaling 40 (= 25 + 15) apexes are supplied to the graphical processing
unit 49, the data output amount fr t gr agmabl e packet engi ne 48 when
the polygon is divided into 16 is Zgrmgrd S szgan in FIG 16. Dat a
supplied in this nmanner are called

\
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stripe nesh. VWhile, in the enbodi nent described above, curved
surface paraneters representative of a reference curved surface are
supplied to the programmuabl e packet engine 48, a paraneter representative
of the position of a |ight source nay be supplied together with coordinate
val ues of the apexes of the polygon to the programuabl e packet engine 48 so
that, after the polygon is divided in accordance with the Z val ue,
brlghtness val ues of the pol ygons (su@;pplygons) obt ai ned by the division
may be cal cul ated fromthe paraneter representative of the position of the

| i ght source. For exanple, data including a |light source
paraneter representative of the position of a |ight source together with
coordi nate values (Xi, Yi, Z, (i = 30

O, ..., 3) of the apexes PO to P3 of such a polygon as shown in Fig. 17A, a

normal vector (Nx, Ny, Nz) and an identifier (Code in Fig. 17A) which
desi gnates a program for perform ng dividing processing of a polygon are

i
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recorded in advance on the CD-ROM 40, and the data are read out and stored
into the main nenory 45. Then, after coordi nate conversion of the polygon
is perforned by the graphic transfer engine 71, those data are supplied as
one packet to the programuabl e packet engine 48 as shown in Fig. 17B by the
packet engine 72. Then, the program mable packet engine 48 perfornms, after
division of the polygon, calculation of brightness values of the individual
sub- pol ygons fromthe |ight source parg/pter. It is to be noted that, where
a point light source is used, coordinates (Lx, Ly, Lz) of the point |ight
source and color information (Lr, Lg, Lb) of the lIight source are supplied
as light source paraneters to the program mnabl e packet engi ne 48. The
programuabl e packet engine 48 calculates, fromthe |ight source paraneters
supplied thereto, coordinates (p0, g0) of an intersection point between a
normal fromthe |light source and a two-dinensional plane (p, q) including

t he polygon shown in FIG 18A and t h the light source fromthe
t wo- di nensi onal plane (p, q), and fE?thE iE;ICdE;tes from coordi nate

val ues (p, q) of the apexes of individual sub-polygons, brightness values L
(which increase in inverse proportion to the square of the distance from
the light source) at the apexes of the sub-pol ygons |§ accordance with the

fol |l ow ng expression: h[err]/(h[err] + ( p0)2 + (g -
gO)[err]) For exanple where a polygon igs divided into eight
sub- pol ygons, the progE@ynableﬁggggggﬁggggne 48 R
L -
27 j
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cal cul ates the brightness value for each of the apexes of the sub-polygons.
Then, the graphical processing unit 49

31 calculates the brightness val ues of the sub-polygons fromthe

bri ght ness val ues of the apexes of the sub-polygons and effects displaying
of the polygon as shown in Fig. 18B. Simlarly, where a polygon is divided
I nto 32 sub- pol ygons, the progranmbl e packet engi ne 48 cal cul ates

bri ght ness val ues for the individual qg@&es'of t he sub- pol ygons. Then, the
graphi cal processing unit 49 calcu- |ates the brightness values of the
sub- pol ygons fromthe brightness values of the apexes of the sub-pol ygons
and effects displaying of the polygon as shown in Fig. 18C. By cal cul ating
t he brightness values for individual polygons of a predeterm ned polygon in
this manner, the brightness value o h1 facgiff an object can be varied
finely. Then, the bright hess lvasdes culated in this manner
for the individual apex (25 agﬁées in this instance) of the sub-pol ygons
produced, for exanple, 16 di Qon as shown in Fig.4¥A are outputted
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with the coordinate values of the individual apexes fromthe programuable
packet engine 48 to the graphical processing unit 49 as shown in Fig. 19B
(the brightness values are read by the graphical processing unit 49 from

t he destination data RAM 97 of the programmabl e packet engi ne 48).

By dividing a polygon and cal cul ating the brightness val ues of individual
sub- pol ygons in such a manner as descri bed above, the density in variation
of the brightness val ue can be adjustegyjﬂﬁ“dccordance with the display size
of the polygon. Further, by this means, since the graphical processing unit
49 is required only to performlinear calculation such as gl ow shadi ng, or
in other words, since the graphical processing unit 49 need not perform
conplicated |ight source calculation, the load to the graphical processing
unit 49 can be reduced. 32 It
is to be noted that, ijn this instance, the |p§ygon is divided lipearly in

t he t hree-di nensi onal [space as shown inggpg.C19A.
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Further, while, in the enbodi nrent descri bed above, coordinates of the
apexes of a polygon which forns a three-dinensional object are read out
fromthe CD-ROM 40, it is also possible to store a basic object (tenplate
(model )) having a three-di mensi onal basic shape (such as a spheri cal
cylindrical, cubic or planar shape) into the progranmmbl e packet engi ne 48
(ROM 96) in advance, represent a predeternined t hr ee- di nensi onal obj ect
with an identification nunber zglaté pattern | D) correspondi ng
to the tenplate and difference values representative poi nts of the
tenpl ate (deviations between the representative points of the tenplate and
poi nts of the three-di nensi onal object corresponding to the repre-
sentative points), and record themonto the CD ROM 40. For
exanpl e, such a shape of a body of rotation as shown in FIG 20A, that is,
a body of rotation symetrical with respect to a predeterm ned axis of
rotation, is represented by a tenpl at whi ch designates a
cylindrical tenplate shown in FIG EEE dcgeV| ions (difference val ues)
nij fromthe tenplate at representative p0|nts Pij (i = 0,..., 9 of
the cylindrical tenplate. Where such a tenpl ates as descri bed
above is utilized, the main CPU 44 reads out the tenplate pattern ID, the
coordi nate val ues of the object a3: e _devia-Nions nij fromthe tenplate
fromthe CD-ROM 40, and transnits \t heshUAdtTcal } val ues as one packet
together with an identifier Code :3+ge;;es a program for processing
this polygon as shown in Fig. 21 to the
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progr ammabl e packet engine 48. 33

Then, upon reception of the packet, the programmabl e packet engine 48
performs processing of the data of the three-di nensional object included in
t he package using a program designated by the identifier Code included in
the packet, and refers to the tenplate pattern ID to read out data of a
tenpl ate corresponding to the plate pattern ID fromthe ROM 96. Then, the
programabl e packet engine 48 specifiggathe 'shape of the three- di mensi onal
object fromthe data and the deviations nij fromthe tenplate.

By representing a three-di nensional object with a tenplate pattern I D which
designates a tenplate and deviations nij fromthe tenplate in this manner,
t he ambunt of data to be recorded on a CD-ROM or the nunmber of tines of
operation for coordinate conversion and so forth can be reduced based on

the symmetry of the shape of the tEgp F d‘EEFor exanple, in a cylindrical

tenpl ate as shown in FIG 20B, the Eaélg:g 20A can be
represented only with deviations i on (one-di nensional).

L\
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Fig. 22 shows different exenplary production apparatus for producing the
CD- ROM 40. The production apparatus of Fig. 22A is constructed such that
it records a predeterm ned three-di nensional object in a data format in
units of a polygon shown in Fig. 13. However, the production apparatus of
Fig. 22B is a recording apparatus to which the present invention is
applied, and is constructed such that it records a predeterm ned three-
di mensi onal object in a data format wgch makes use of the tenplate as
shown in Fig. 21. In the production apparatus of Fig. 22A, a
nodel l er 112 receives a signal corresponding to a nmanual operation of a
designer, that is, a person who produces an image, froman inputting
apparatus 111 and produces a 34

t hr ee- di nensi onal object in response a nmanual operation of the designer.
The nodel l er 112 supplies information regarding
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a curved surface of the produced three-dinensional object to an operation
circuit 113 and supplies coordi nate val ues of the apexes of pol ygons which
formthe produced three-di nensional object to a recording apparatus 114.
The operation circuit 113 cal cul ates curved surface paraneters
corresponding to the individual polygons fromthe information of the curved
surface supplied fromthe nodeller 112 and supplies the curved surface
paranmeters to the recordi ng apparatus éﬁf&'-’ The recording
apparatus 114 irradi ates a | aser beam upon a nmaster disk to record data,
that is, recording data, supplied thereto fromthe nodeller 112 and the
operation circuit 113 on the nmaster disk. It is to be noted that the master
di sk has photoresist applied to a surface thereof, and is irradiated by the
recordi ng apparatus 114 so as to be optically sensitized in the shapes of
pits corresponding to the recording data. Thereafter, the master disk is
devel oped. Then, fromthe master disk having concaves and convexes on the
surface thereof, a stanper is produced. Further, a |arge nunber of CD ROVs
as replica disks are produced fromthe stanper. By irradiating,
upon production of a stanmper for CD-ROVs, a |aser beamon a master disk in
accordance with recording data in this manner, recordi ng data incl uding
curved surface paraneters and coordi nate val ues of the apexes are recorded
onto individual tracks. Then,

F1G. IO




by further transferring a stanper to which the master disk has been
transferred, a CD-ROM having pit shapes corresponding to the recordi ng data
i s produced. 35 Subsequent |y,
in the production apparatus of Fig. 22B, a nodeller 112 receives a signal
corresponding to a nmanual operation of a designer froman inputting
apparatus 111 and produces a three-di nensional object corresponding to a
manual operation of the designer. - ' Then, the nodeller 112
supplies information of the produced yﬁ?ee-dinensional object to an
operation circuit 115 and supplies coordi nate val ues of representa- tive
points of the produced three-dinensional object to a recording apparatus

114. The operatlon circuit 115 serving as calcula- tion neans
sel ect s, fron1mngﬁr n of the three-di onal obj ect
supplied fromth HDJ r nr enpl at e correspendi he

t hr ee- di nensi onal object, calc ates an identificdi on nunhgaof the

tenpl ate and difference val ues between represent/
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tenpl ate and representative points of the three- dinensional object
produced by the nodeller 112, and supplies the identification nunber and
the difference values to the recordi ng apparatus 114. The
recordi ng apparatus 114 serving as recording neans irradiates a | aser beam
upon a master disk to record recording data (a tenplate pattern ID and
difference values at the representative poihts) supplied thereto fromthe
nodel l er 112 and the operation circuist 5-dnto the master disk. Then,

CD- ROV are produced formthe naster Jis simlarly as in the production
apparatus of Fig. 22A A CD-ROM holding a tenplate pattern ID
and difference values at representative points as recorded data thereon is
produced in such a manner as descri bed above.

36 Hence, the present invention satisfies a |ong existing need
for a new and i nproved recordi ng nmedi um and recordi ng and i nformation

processi ng systens facilitating
F1G. 12
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efficient and high speed processing at reduced cost. It is to be
noted that, while, in the enbodi nent descri bed above, a CD-ROMis utilized
as a recording nmedium any other suitable recording nediummy be utilized.
It will be apparent fromthe foregoing that, while particular forns of the

i nvention have been illus- trated and described, various nodifications can
be made wi thout departing fromthe spirit and scope of the invention.
Accordingly, it is not intended thatigphgiinvention be linmted, except as
by the appended cl ai ns. 37 \What Is

Cl ained Is: 1. A recording nedium conprising: a
recordi ng el enent; and a recording on said elenent having as data

of a predeterm ned object in a three-dinmensional space, identification
information of a basic object which nmakes a reference and difference val ues
bet ween coordi nate val ues of apexes of the basic object and coordi nate

F1G. 13
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val ues of apexes of the predeterm ned object, whereby efficient data

processing is facilitated. 2. A recording apparatus for
recordi ng data of a predeterm ned object in a three-di mensional space onto
a recording nedium conpri sing: cal cul ati on neans for cal cul ating,

fromthe object in the three-dinensional space, identification information
of a basic object which nmakes a reference and difference val ues between
coordi nate val ues of apexes of the baq@ngbfect and coordi nate val ues of
apexes of the predeterm ned object; and recordi ng neans for
recording the identifica- tion information and the difference val ues

cal cul ated by said calculation neans as data of the predeterm ned object.
3. A recording nethod for recording data of a predeterm ned object in a
t hr ee- di nensi onal wspage gQto recqrding medium conprising the steps of:
cal cul ati ng, from*t-hﬁzpr@et eﬂré(ﬂobj ect in the three-dinensional space,
identification informati ‘of "a si‘c obj ect which nakes a reference and
di fference val ues between coordi nat e val yes—ef—apexes of the basic object
and coordi nate val ues of apexes of the fredeter- rfined object; and
recording the identification infor on _and the 8ifference wal ues
calculated in the cal cul ating step~as daté“bf*bﬁe~pLedeternin d object.
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38 4. An information processing apparatus, conprising:

read- out neans for reading out data froma recording nmedi um on which data
of a three-dinmensional object conposed of a plurality of plane figures in a
t hr ee- di nensi onal space are recorded, first conversion neans for
converting the plane figures into a curved surface conposed of a nunber of
pl ane figures corresponding to a display size on a predeterm ned display
section; and second conversip y ans for converting data of the
curved surface obtained by the conversi‘on by said first conversion neans

I nto two-di nensional display data, whereby efficient data processing is

facilitated. 5. An information processing apparatus as recited
in claim4, and furthgr—ecefpftsire: coordi-nate conversion ans
for converting coordinaties| off apekeg o& the plane figureg read dut by said
read- out neans. 6.l An florimati qn processi ng gt fis-
ing the steps of: o|=|almld|bl@]N]" P ° Ert(%j@%@r?%
g p : minmommimimiom mmim
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readi ng out data froma recording nediumon which data of a

t hr ee-di nensi onal obj ect conposed of a plurality of plane figures in a

t hr ee- di nensi onal space are recorded, converting the plane figures
into a curved surface conposed of a nunber of plane figures
corresponding to a display size of a predeterm ned di splay section; and
converting data of the curved surface obtained by the conversion by said
first conversion neans into two-di nemsyepal di splay data, whereby
efficient data processing is facilitated.

39 7. An information processing apparatus, conprising:

read- out neans for reading out data froma recordi ng nmedi um on which data
of a three-dinensional object conposed of a plurality of plane figures in a
t hr ee- di nensi onal space are recorded; di vi si on neans for dividing

the plane figures in accordance{w th.a|di splay sizpg on préedgt er m ned
di spl ay section; cal cyl athgh |neans|for cpal cul ating Hright ness
val ues of the plane figures obtain@g*bd t he divisipn from
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pl ane figures; and producti on
di splay data fromthe brightness val ues
whereby efficient data

bri ght ness val ues of the original
means for produci ng two-di nensi onal
of the plane figures obtained by the division,
processing is facilitated. 8. An i nformation processi ng

met hod, conprising the steps of: readi ng out, froma recording
medi um on whi ch data of a three-di nensional object conposed of a plurality
of plane figures in a three-dinensiOQ%jzﬁpaée are recorded, the data,;
dividing the plane figures in accordandé with a display size on a
predet erm ned di splay section; cal cul ating brightness val ues of
the plane figures obtained by the division from brightness val ues of the
original plane figures; and produci ng two-di nensi onal display data
fromthe brightness values of the plane figures obtained by the division,
wher eby efficient dat a processi ng is facilitated. 9. A

recordi ng nedi um conpri sing: l rec?r ngelenent; and
a recording on said el enent havi dat a @efinkn urved surface which
forns a three-dinensional

PO P
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40 object in a three-dinensional space and defining a polygon which forns
the three-di nensi onal object, said data being recorded as a packet of

i nformati on on said recording el enent. 10. A recording nedi um
as recited in claim9, wherein said data defining the curved surface

I ncludes an identifier which designates a processing programfor the

I nformati on. 11. A recording apparatus for recording three-

di mensi onal image information, conprisypgi means for supplying

i nformati on defining a curved surface ich forns a three-di mensiona

obj ect ; means for supplying infornation defining a polygon which
forms the three-di nensional object; and nmeans for storing the

i nformati on defining the curved surface and the information defining the

pol ygon in a pack¢L: A recording apparatus as recited in
claim1l, and furﬁar li nGudi rlgaongrarmabl e packet engine.
13. A recording apparatus as recited in claim

J app LIGHT SOURCE

Jipo,q0 /

“Y{p~pOY2+(q-q0)?
L=h?/(h™(p~p0’+(g~qO))




11, wherein said information defining the curved surface includes an
I dentifier which designates a processing programfor the information.
14. A recording nethod for recording three- dinensional inage informtion,

conprising the steps of: supplying information defining a curved
surface which forns a three-di nensi onal object; suppl yi ng
i nformation defining a polygon which fornms the three-di mensi onal object;
and storing the information IfdIning the curved surface and the
i nformati on defining the polygon in a packet.
41 15. A recording nethod as recited in claim 14, wherein said
I nformati on defining the curved surface includes an identifier which
desi gnat es a processi g prograny Tor rhegmformatTom: oA
recordi ng apparatus fdr fecor{di hg{threpe- |dijmensi onal imge | nfiorjmati dn
conpri si ng: means| L9k BPYLl i g i or mati on def | @"_F‘% & % (’i\t}
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curved surface which forms a three-dimensional object in a
t hr ee-di nensi onal space and information defining a pol ygon which forns the

t hr ee- di nensi onal obj ect; means for dividing the polygon into a
plurality of sub-polygons in accordance with the information defining the
curved surface inputted by said inputting nmeans; and means for
produci ng i nformati on defining the sub-pol ygons obtained by said dividing
nmeans. 17. A recording api®f2tus as recited in claim 16,
wherein said sub-pol ygons are quadrangul ar. 18. A recording

apparatus as recited in either claim15 or 16, wherein said information
defining the curved surface includes an identifier which designates a
processi ng programfor the informtion. 19. A recording nethod
for recording three- dinensional_inmage information, conprising the steps

of : i nputting infornaﬂiEn ﬁe(ﬁiinqgag;Higed surface which forms a
t hree-di nensi onal object in a three-* di'ensi space and i nformation
defining a polygon which fornms the three-di nensional object;

di vidi ng the pol ygon i ptg 0 ' b-_pal ygons _in accordance with
the information defi ‘ 2 ' , hput ting
means; and ue FH Erayy ST xgons
obt ai ned by said di i / ' \
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42 20. A recording nethod as recited in claim19, wherein said

sub-pol ygons are quadrangul ar. 21. A recording nethod as
recited in claim19, wherein said information defining the curved surface

i ncludes an identifier which designates a processing programfor the

I nformati on. 22. In a graphics system the conbination
conpri si ng: means for dividing a pqglygon into a plurality of
sub- pol ygons; means for cal capgbitng the brightness val ues of

i ndi vi dual sub- pol ygons; and means for adjusting the brightness

density of an image in accordance with the display size of said pol ygon.
23. A graphical nethod conprising the steps of:
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and

means for adjusting the brightness density of an inmage in accordance with

t he di splay size of said polygon

sub- pol ygons;

i ndi vi dual

means for dividing a polygon into a plurality of sub-pol ygons;
21721

nmeans for cal culating the brightness val ues of
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