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This invention relates to an address generating

awpistagdte di spl ay apparatus, an addr ess "gener at |1Q‘q.
pi cture dlsplaylng met hod used in a graphlcs conputer, a specla
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ef fect device or a video gane machi ne which are picture equipnents

enpl oyi ng a conput er. : Background Art A
pi.cture display apparatus having a picture nmenory, such as a persona
conput er ow&ﬁgﬁvi sion ganme nachine, data witten in the picture nenory
Is read out 1N ordance with synchronization signals ofCTHRYAREp| e,
the NTSC (National Television Systen1Cbgnittee) system Such picture
di spl ay apparatus includes a cathode ray“tube <controller (CRTC) 302 for
generating pre-set addresses based on
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synchroni zati on signals generated by a synchronization signal generating
circuit 301, a VRAM 303 for reading out one-frane picture data based on
addresses designated by the CRTC 302 and a D/ A converter 305 for
converting fgyepeaga supplied via a line buffer 304 into ﬁ@ﬂh@%ﬂ%ﬂeh as
shown for exanple in Fig.1l. The CRTC 302 includes a horrzonta
synchroni zati on counter 311 for counting forizontal synchronization
signals, a horizontal resolution reducing circuit 312 for |owering the
hori zont al
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2 resolution to a pre-set value in case of necessity, a horizontal
slicing circuit 313 for starting slicing horizontal. scanning lines, and a
sumation circuit 314 for sumring data fromthe horizontal resolution

reduci ng ci | 2 and the horizontal slicing circuit 313. In
addi ti on, *ﬁﬁz&“;%RTC 302 includes a vertical syfRGVBATE on

count er 316 for counti ng the vertyical synchronization signals, a
vertical resolution reducing circuit
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317 for lowering the vertical resolution to a pre-set value in case of
necessity, a vertical slicing circuit 318 for starting slicing vertical
scanning lines, a summation circuit 319 for sunming data fromthe verti cal

resol ution rQeWshdlgs Circuit 317 and the vertical slicing GdgipvineddeS and
an address generating circuit 320 for generating addresses based on the

hori zontal synchronization signals and t he verti cal hori zont al
synchroni zation signals supplied thereto. In the above-descri bed
pi cture display apparatus, the synchronization signal generating
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synchroni zation signals which are sent to the CRTC 302.
302, the horizontal synchronization counter 311

synchroni zation signals supplied fromthe synchronization signa

generati ng
reduces th
necessary,

' .. 301. The horizontal resolution re ' lrcuit 312
é‘%%&%ér of the horizontal synchronization si gﬁ%ﬁ@%&’g
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3 for lowering the horizontal resolution of picture data read out from
t he VRAM 303. When a pre-set timng is reached by the counting of the
hori zont al synchroni zati on signal s by t he hori zont al

synchroni zaty@yyment er 311, the horizontal slicing circuipcgiBerngdBer at es
hori zontal slicing data for slicing at a pre-set position of the

hori zontal scanning line and transmts thHe horizontal slicing data to the

sumation circuit 314. The sunmation circuit 314 superinposes the

hori zontal slicing data on the supplied horizontal synchronization signals
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and transnmits the superinposed data to the address generating circuit 320.
On the other hand, the vertical resolution reducing circuit 316 counts
the wvertical synchroni zation signals fromthe synchronization signal
generating_circuit 301. The vertical resolution reducing circuit 317
reduces t h¥ONEMEr of the vertical synchronization si gnalSHEfAR%y pbe,
for lowering the vertical resolution ofy picture data read out from the
VRAM 303. When a pre-set timng is reached by the counting of the
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vertical synchronization signals by the vertical synchronization counter
318, the vertical slicing circuit 318 generates vertical slicing data for
slicing at a pre-set position of the vertical scanning line and transmts
the verticalysbigigd data to the summation circuit 314.  poygpervezss
4 The summation circuit 319 superinposes the vertical slicing
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data on the supplied horizontal synchronization signals and transnmits the
superi nposed data to the address generating circuit 320. The address
generating circuit 320 generates addresses associated with the

superi npos supplied thereto and transmts the resHE,ltg' Eguﬂg'{ir esses
to the VRA@%@%@;@% The VRAM 303 sends the picture data é clated with
the supplied addresses via line bufferig04 to the D/ A converter 305.

The D/ A converter 305 converts the supplied picture data into anal og data
for outputting video signals.
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Thus, the picture data witten in the VRAM 303 is directly displayed via
CRTC 302 on a display screen. However, if frane data including plural
pictures are witten in the VRAM 303, it has not been possible with the
CRTC 302 englo@4eéhsé N the above-described picture display aRefirsisges O
slice the plural pictures to display the sliced pictures at a desired

| ocati on on a sol e screen. Mor eover j1it has not been possible with
the CRTC 302 to seize plural picture data supplied fromoutside to display
the seized picture data on the screen. In view of the above-depicted
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obj ect of the present invention to provide an address generating
apparatus, a picture display apparatus,. an address generating nethod and a
picture display nethod, whereby plural pictures can

5 be displayed at plural |ocations on a sole screen and whereby a picture
suppl i ed frvﬁ?’&?f?i de can al so be seized and displ ayed PCTIIPS 00298
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t her eon. DI SCLOSURE OF THE | NVENTI ON

An addr ess

generating apparatus according to the present invention includes address
generating nmeans for generating addresses for reading out picture signals

witten in ayQbsldddfee NeENOry based on synchronization si gnz,]ci iddr ality

of buffers respectively supplied with picture signals rea

on1the

pi cture nmenory based on the addresses and3controlling nmeans for
i ndependently controlling the picture signals outputted by the buffers so

that the picture signals supplied to the buffers wll

be displayed on a

sol e screen
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I'n the address generating apparatus according to the present
I nvention, at |east one of the buffers preferably seizes picture signals
supplied fromoutside to route the seized picture signals to the picture

menory. A picture displaying apparatus according to the present
i nventi on WM addr ess produci ng means havi ng address”cﬂ\?ﬁg’m&?q ng means
for generating addresses for reading out, picture signals witten in a

pi cture nmenory based on synchronization signals, a plurality of buffers
respectively supplied with picture signals read out fromthe picture
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addresses, and controlling means for independently controlling the picture
signals outputted by the buffers so that the picture

6. signals supplied to the buffers will be displayed on a sole screen, and
synt hesi zi NnGygBadgysf OF synthesi zing picture signals out pulpcgdpébeisee
buffers. I'n the picture displaying apparatus according to the
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present invention, preferably at |east one of the buffers seizes picture
signals supplied fromoutside to route the seized picture signals to the
pi cture nenory. In the picture displaying apparatus according to

the prese tion, preferably the synthesizing neans_i m
controlled 5?@ on pre-set calculations by the control nggigﬁﬁﬁ&ﬁ@ The

pi cture displaying apparatus according tjg the present invention preferably
i ncl udes one or nore cache nenories fed with picture signals read out from
the picture menory for witing supplied picture signals. The control neans
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controls the picture signals witten in the cache nenory for causing a
plurality of pictures of the sane sort to be displayed on a sole screen.
In the picture displaying apparatus according to the present invention,

the buffer Rygbgiogisl y IS nmade up of a line nenory. ACTAPSHDDE
generating met hod according to the present invention includes generating
addresses for reading out picture signall§ witten in a picture nenory
based on synchroni zation signals, supplying picture signals read out from
the picture nenory based on the addresses to the buffers, and
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7 controlling the picture signals outputted by the buffers so that the

picture signals supplied to the buffers will be displayed on a sole
screen. A picture displaying nmethod according to the present
i nvention jncl n in f in '

i nventio ﬁxﬁwﬁggé generating addresses for readi ng out p%&%ﬁ%ﬁ%mws
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sfgnals witten in a picture nmenory based on synchronization signals,
suppl ying picture signals read out fromthe picture nenory based on the
addresses to the buffers, independently controlling the picture S|gnals

out putted bywd@dasst ers so that the picture signals suppl pgg "ﬁﬁ
buffers will be displayed on a sole screen, and synthesizing the picture

signals outputted by the buffers for dispway BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig.1is a block diagramfor illustrating
a conventional CRTC. Fig.2 illustrates typical representation on a
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video signals outputted via the CRTC Fig.3 illustrates a schematic
structure of a video gane nmachine enploying the present invention.

FLg.4 illustrates typical exanples of a texture picture and a target color
in the pi cgﬁg,’ ﬁpl ayi ng nmet hod according to the presen&} nvention.
Fig.5illu EE, PCRTC enpl oyi ng an address generating cE bd S
according to the present invention. 9071 9.6 illustrates the conceptual
structure of the CRTC
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8 Fig.7 illustrates typical representation of a display of video

signals outputted via PCRTC Fig.8 illustrates a specified structure
of the PCRTC. Fig.9 s a plan view of a video gane machi ne enpl oyi ng
the presentwobygsshé on. Fig.10 is a back side view of pdfifbovieasy® gane
machi ne. Fig.l1 is a side view of the video gane machi ne.
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Fig.12 is a plan view showing a CD-ROM | oaded on the video game machi ne.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring to the draw ngs,
preferred enbodi nents of the present invention will be explained in

det ail . resent invention is applied to a video I ne
configuredwgg%%ﬁgﬁn in Fig. 3. Thi s video gane nachiﬁggﬁ§y§®glgned for
readi ng out and executing a video proggsam stored in, for exanple, an
optical disc, for playing the gane responsive to instructions froma
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user, and is configured as shown in Fig.3. That is, the video gane
machi ne has two sorts of buses, nanely a nmain bus 1 and a sub-bus 2.
The mai n bus 1 and_the sub-bus 2 are interconnected via a bus controller

bus 1 are connected a main central prge§§§hﬁ@”8unit
(naln CPU) f&a conprlsed of a micro-processor, a nain nenory conpri sed
of an access nenory (RAM, a nmain direct mgnory
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access control | er (main DVMAC) 13, an MPEG decoder 14 and a picture
processing unit or graphic processing unit GPU 15. To the sub-bus 2 are
connected a subsidiary central processing unit (sub-CPU) 21, conprised of

a random a nory (RAM, a subsidiary direct nenory access controller
( sub- DVAC) %’,iiiﬁi riead- only nmenory (ROM) 24, having stor g

progranms, such as operating systens, asgound processing unit (SPU) 25, a
comuni cation controller or asynchronous transm ssion node (ATM
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26, a subsidiary nenory 27, an input device 28 and a CD-ROM driver 30.
The bus controller 16 is a device on the man bus 1 for executing the
switching between the main bus 1 and the sub-bus 2 and is initially

opened st at
mai n menory

%XS’”EFﬁJhe main CPU 11 is a device operated by

ce the bus controller 16 is initially in the open

state during startup, the main CPU 11 reazh out the boot programfro
ROM 214 on the sub-bus 2 and executes it to reproduce the applicatio
program and necessary data fromthe CO- ROM by the CD-ROM driver 30 for
| oadi ng on the main nenory 12 and
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on devices on the sub-bus 2. On the main CPU 11 is | oaded a geonetry

transfer

engine (GIE) 17 configured for perform ng processing,

coordinate transformati on. The GIE 17 has a parallel conputing mec

for parall
such as co
vect or
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10 calculations at a high speed responsive to requests for cal cul ations
fromthe main CPU 11. The nain CPU 11 defines a three-dinensional nodel as
a. conbi nation of basic unitary figures (polygons) such as triangles or
guadr angl es vwasp4mn the results of calculations by the Gherbpoivezss epare
instructions for delineation corresponding to respective pol ygons for
delineating a three-dinensional picture? The nmain CPU 11 al so packeti zes
the instructions for delineation to send the instructions for :
delineation as a command packet to the GPU 15. The main DMAC 13 is a

devi ce on the &g i Bup /3 J or PriRYL RONBERS L«
tREBo sy o 7 BT ERESF—EBRICRREIN S
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DVA transfer of a device on the main bus 1. The nmain DVMAC 15 has a device
on the sub-bus 2 as an object when the bus controller 16 is in an opened
state. The GPU 15 is a device on the nain bus 1 functioning as a
renderi ng prowessmeezs This GPU 15 interprets the instructions for
delineation transmtted thereto as a COWZFPd packet from t hé" DHRE"00E% |
cal cul ate the Z-value and the col ors of pi xel s making up the polygon
fromcol or data of the apex points and the Z- values specifying the depth.
In addition, the GPU 15 perforns rendering processing for witing the

pi xel data on a frame buffer
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18 as a picture nenory responsive to the Z-val ues
I/ O connection device capable of operating paralle

device on the nmain bus 1
MDEC 14 decodwe 97me40é ure data encoded after

di screte



“The sub-CPU 21 is a device on the sub-bus 2 operating by a programon the
sub- nenory 22. - The sub-DMAC 23 is a device on the sub-bus 2 for
managi ng DMA transfer for the device on the sub-nenory 22. This sub- DVAC
23 acquires riyggg%for t he bus only when the bus control | &aCTAB97/40298C| 0sed.
The SPU 25 Y8%%% 42 ce on the sub-bus 3é,ﬁunctioni ng as a sound processor.
This SPU 25 reads out and outputs sound source data fromthe sound nenory
29 responsive to the sound conmand sent as a command packet fromthe

sub- CPU 21 or the sub- DMAC 23.
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The ATM 26 is a device for conmuni cations on the sub-bus 2. The
subsidiary nenory 27 is a data input/output device on the sub-bus 2 and is
matde up of a non-volatile nenory, such as a flash nenory. This subsidiary
menory 27 trMePUIMI6y stores data such as a gane process or cﬁ,&gﬁﬁ

The i nput/output device 28 is an input ggwhce on the sub-bud ot her
equi pnents, such as a control pad, man/nachine interface, such as a nouse,
pi cture input or speech input. In addition, the CO-ROM driver 30 is a
data i nput device on the sub-bus 2, and reproduces necessary data or
application progranms fromthe CD ROM
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That is, with the present video gane machine, the geonetric processing
system perform ng geonetric processing, such as coordinate
transformation, clipping or |ight source cal cul ati ons,

12 defi ni ngwhidhaeméli mensi onal nodel s as a conbinati on of tgeripoindoddsy
figures (polygons), such as triangles (grnguadrangl es, for
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preparing instructions for delineation for delineating a three-

di nensional picture for transmtting the I nstructions for
delineation for respective polygons as a conmand packet on the main bus 1,
i's made up of %@f in CPU 11 on the main bus 1 and the GiE&ridporotabs | e the
renderi ng pm g system for generaéhgg pi xel data for respective

pol ygons based on the instructions for elineation fromthe geonetric
processing systemfor witing in the frame buffer 18 by way of rendering
processing for witing a figure on the frame buffer 18 is made up of the
GPU 15. The GPU 15 has a packet engine 31 which is connected to the
mai n bus 31 as shown in Fig.4 showng its basic structure, and
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perfornms rendering processing of witing pixel data of the respective

pi xels in the frame buffer 18 in accordance with the instructions for
delineation sent fromthe main CPU 11 or the main DVAC 13 to the packet
engine 31 a nd packet, while reading out the pixel_data of a

pi cture de|ﬁw§3@§§%§n the frane buffey,ﬂB for supplying tHE“ﬁF€¥$nﬁﬁta as
video signals via a display controller or CRT controller 34 on a tel evison
receiver or a nonitor receiver, not shown. The packet engi ne 31
devel ops the command packet, sent from the main CPU 11 or nmain DVAC 13
over the main bus 1 via the

/,
4 +
O N
%% - i =
PRR i a
KK —> o 1w
R © 15
Q. - I

w

e N
LR YL

k1

A

Cyclic Buffer (Tile)

//
(B2 Dual

g
M
LA

¥e
B
t_._l_
5=
R ]
£ B
EE -
= ¥ o
o - -
o0 “J‘ @ L
1888 3
\ NN
> @ e 3
R ss:c ¥
NN T - o o
NER £ @ e =
N2 == <3
?7» e
By =
&t <
% 2

/| ®M®EDual Buffer (1,/60)

.(..

B
.....




packet engine 31 on a register, not shown. The pre-processor 32 al so
gener ates polygon data in 13
accordance with the instructions for delineation sent to the packet engine
as a commuandwi@skedreand processes the polygon data wth precssbinces
pre-processing such as division of pol yyeps as |later explained, while
generating various data, such as the information

— N
=
- <€
o
>
.0
-t
on
r--\--‘[ ----------------- ---q{-- - am - ---ﬂ
4 [ ]
1 '
1 ]
- :'
| ]
: E ™ wlio}| o -
| ' P~ | [l he R
— '
: ) < . : .
¢ < [ = R
: N~ b o [ | I W
: I P B
L RN =
. > :
: | #+x]l#xn] U L '
| = :
' )
E M
1
: R R ;
: N :
: 2 © a !
i 8 %5 '
‘ ® L N
1 N !
) | 4
) r~ '
- 2




on the coordi nates of apex points of each polygon, the address information
on the texture or mp nmap texture or the control information for the pixel
i nterl eaving, as required by the delineation engine 33.

addition, thewdeinsamati on engi ne 33 includes N pol ygon

l.n
engi g gé@é’ 33A2,
33AN, connected to the pre-processo%/ 2, N texture engf&? . 33B2,
... 33BN, connected to the polygon engifies 33A1, 33A2, ...33AN, a sole bus

swi tcher 33C, connected to the texture engines 33B1, 33B2, ...33BN, M
pi xel engines 33D1, 33D2, ...33DM connected to the first bus sw tcher
33C,
202
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a second bus switcher 33E, connected to the pixel engines 33D1, 33D2,
...33DM a texture cache 33F connected to the second bus sw tcher 33E,

and a CLUT cache 33G connected to the texture cache 33F. In the

del i neati ng ewgiomee38, t he N pol ygon engi nes 33A1, 33A2, .Pci%§gmmp§{forn1
pol ygon-based shading processing, by3m@@rallel processi ng, on-polygons
sequentially produced responsive to the delineating instructions based on
pol ygon data pre- processed by the pre-processor 32. The N texture
engi nes 33B1, 33B2, ...33BN performtexture nmapping or mp mapping by
paral |l el processing on texture data
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14, supplied thereto fromthe texture cache 33F via color |ookup table
(CLUT) cache 33G for each pol ygon generated by the polygon engines 33A1,

33A2, ...33AN It is noted that the address information of the
Eexture or  RiydofRkel €xture bonded to the pol ygon processedre¥mhg %k
exture
/1
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engi.nes 33B1, 33B2, ...33BNis supplied in advance fromthe pre- processor
32 to the texture cache 33F, and the texture data as required is
transferred fromthe texture area on the frame buffer 18 based on the
above-nenti oned address information. To the CLUT cache 33G are supplied
CLUT data to be referred to at the tilne of texture delineation is
transmtted fromthe CLUT area on _the frane buffer 18. The pol ygon
data, processed with texture mapBiatdFHCARYPN nappi ng by the

IRERRTS R ATRAC I M M e Y ENTS - T
Address Generating Method and Picture Displaying method
| Technical Field

This invention relates to an address generating apparatus,
a picture display apparatus, an address generating method and a
picture displaying method used in a graphics computer, a special
effect device or a video game machine which are picture
equipments employing a computer.

Background Art

A picture display apparatus having a picture memory, such
as a personal computer or a television game machine, data written
in the picture memory is read out in accordance with
synchronization signals of, for example, the NTSC (National
Television System Committee) system.

Such picture display apparatus includes a cathode ray tube
controller (CRTC) 302 for generating pre—set addresses based on
synchronization signals generated by a synchronization signal
generating circuit 301, a VRAM 303 %or reading out one-frame
picture data based on addresses designated by the CRTC 302 and
a. D/A converter 305 for converting frame data supplied via a line
buffer 304 into analog data, as shown for example in Fig.1.

The CRTC 302 includes a horizontal synchronization counter
311 for counting horizontal synchronization signals, a horizontal

resolution reducing circuit 312 for lowering the horizontal



The M pi xel engi nes 33D1, 33D2, ...33DMperformvarious picture
processi ng operations, such as Z-buffer processing or anti-aliasing, by

paral | el processing, to generate M pi xel data. The M pi xel data,
generated by the M pi xel engines 33D1, 33D2, ...33DM are witten in the
frame buffer 18 via second bus sw tcher 33E The second bus
swtcher 33Eis fed with the control information on pixel interleaving

from t hee§R Bt ds if BF2-spife vadeohd pase sof te¢resSBEY hagd hesiranéeilon of

selectin?,L,of M. . ) o . .
slicing circuit 313 for starting slicing horizontal scanning

lines, and a summation circuit'314 for summing data from the
horizontal resolution reducing circuit 312 and the horizontal
slicing circuit 313.

In addition, the CRTC 302 includes a vertical
synchronization counter 316 for counting the vertical
synchronization signals, a vertical resolution reducing circuit
317 for lowering the vertical resolution to a pre-set value in
case of necessity, a vertical slicing circuit 318 for starting
sliciqg vertical scanning lines, a summation circuit 319 for
summing data from the vertical rescolution reducing circuit 317
and the vertical slicing circuit 318 and an address generating
circuit 320 for generating addresses based on the horizontal
synchronization signals and the vertical horizontal
synchronization éignals supplied thereto.

In the above—-described picture display apparatus, the
synchronization signal generating circuit 301 generates the
horizontal synchronization signals ané the vertical horizontal
synchronization signals which are sent to the CRTC 302.

In the CRTC 302, the horizontal synchronization counter 311
counts the horizontal synchronization signals supplied from the
synchronization signal generating circuit 301.

The horizontal resolution reducing circuit 312 reduces the

number of the horizontal synchronization signals, if necessary,



15 ,;pi.xel data generated by the M pixel engines 33D1, 33D2, . .33DM based
on the above-nentioned control information for witing M pixel data at a
ti.me with the Mstorage |locations i'-n neeting wwth the shape of the pol ygon
del ineated on the frame buffer 18 as accessing units by way of perform ng
t he pi xel interleaving. The del iheating engi ne 33 generates all pixe

dat a of_ each | on to wite the generated pixel data on the frane buffer
18 for'%owe%%n%gthe %orizontal é%solution[%f picture data read out

from the VRAM 303,

When a pre-set timing is reached by the counting of the
horizontal synchronization signals by the horizont§1
synchronization counter 311, the horizontal slicing circuit 313
generates horizontal slicing data for slicing at a pre-set
position of the horizontal scanning line and transmits the
horizontal slicing data to the summation circuit 314.

The summation circuit 314 superimposes the horizontal
slicing data on the supplied horizontal synchronization signals
and transmits the superimposed data to the address generating
circuit 320.

On the other hand, the vertical resolution reducing circuit
316 counts thel vertical synchronization éignals from the
synchronizatioﬂ signal generating circuit.301.

The vertical resolution reducing circuit 317 reduces the
number of the vertical synchronization signals, if need be, for
lowering the vertical resolution of picture data read out from
the VRAM 303. ,

When a pre-—set timing is reached by the counting of the
vertical synchronization signals by the vertical synchronization
counter 318, the vertical slicing circuit 318 generates vertical
slicing data for slicing at a pre—set position of the vertical
scanning line and transmits the vertical slicing data to the

summation circuit 314.



based .on the polygon data pre-processed by the pre-processor 32 in order
to wite on the frame buffer 18 the picture defined as the conbination of
pol ygons by the above-nenti oned delineation instructions. The delineating
engine 33 also reads out the pixel data of the picture delineated on the
frame buffer 18 in order to send the 4ead-out pixel data via a
programmabl e _cat hode ray tube controller (PCRTC) 34 as video signals to a
tel evision TR HURRRtHOM, ChBRud&r 318 capper impRiess Hdvth verticalryl Fdu 34

' ' he f ff 8 i d
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transmits the superimposed data to the address generating circuit
320.

The address generating circuit 320 generates addresses
associated with the superimposed data supplied thereto and
transmits the resulting addresses to the VRAM 303.

The VRAM 303 sends the picture data associated with the
supplied addresses via line buffer 304 to the D/A converter 305.

The D/A converter 305 converts the supplied picture data
into analog data for outputting video signals.

Thus, the picture data written in the VRAM 308 is directly
displayed via CRTC 302 on a display screen.

However, if frame data including plural pictures are written
in the VRAM 303, it has not been possible with the CRTC 302
employed in the above—described picture display apparatus to
slice the plural pictures to display the sliced pictures at a
desired location on a sole screen.

Moreover, it has not been possible with the CRTC 302 to
seize plural picture data supplied from cutside to display the
seized picture data on the screen.

In view of the above—depicted status of the art, it is an
object of the present invention to provide an address generating
apparatus, a picture display apparatus, an address generating

method and a picture display method, whereby plural pictures can



di splaying not only plural pictures on a sole screen but also picture data
sei zed from out si de. . That is, the PCRTC 34 generates pre-set
addresses fromthe horizontal synchroni zati on signal s and t he
vertical synchronization signals from the synchronization si gna
generating circuit 51 based on count values froman Hcounter 52 and a

Vi SOUNEE S Lk Lo e BOETG % 5P OHl e PSL i 8867 L0
picture supplied from outside can also be seized and displayed
thereon.

DISCLOSURE OF THE INVENTION

An address generating apparatus according to the present
invention includes address generating means for generating
addresses for reading out picture signals written in a picture
memory based on synchronization signals, a plurality of buffers
respectively supplied with picture signals read out from the
picture memory based on the addresses and controlling means for
independently controlling the picture signals outputted by the
buffers so that the picture signals supplied to the buffers will
be displayed on a sole screen.

In the address generating apparatus according to the
present invention, at least one of the buffers preferably seizes
picture signals supplied from outside to route the seized picture
signals to the picture memory.

A picture displaying apparatus according to the present
invention includes address produci;g means having address
generating means for generating addresses for reading out picture
signals written in a picture memory based on synchronization
signals, a plurality of buffers respectively supplied with
picture signals read out from the picture memory based on the

addresses, and controlling means for independently controlling

- the picture signals outputted by the buffers so that the picture



16 _picture data are supplied. The PCRTC 34 controls the outputting of the
picture data to output video signals via D/ A converter 54.

Specifically, the synchronization signal generating circuit 51 generates
the. hori zontal synchronization signals and the vertical synchronization
signals and sends the signals to the B8 counter 52 and the V-counter 53,
respectively. The H-counter 52 counts the hori zont al
synchr opi gaa 1 9n supipdrigids suppheeduiferst ovihhi be thisplaxrmt ep 338 $aleriven

based screen, and synthesizing means for synthesizing picture signals
outputted by the buffers.

In the picture displaying apparatus according to the
present invention, preferably at least one of the buffers seizes
picture signals supplied from outside to route the'seized picture
signals to the picture memory. |

In the picture displaying apparatus according to the
present invention, preferably the synthesizing means is program-
controlled based on pre~set calculations by the control means.

The picture displaying apparatus according to the present
invention preferably includes one or more cache memories fed with
picture signals read out from the picture memory for writing
supplied picture signals. The control meéns sequentially read-out
controls the picture signals written in the cache memory for
causing a plurality of pictures of the same sort to be displayed
on a sole screen.

In the picture displaying apparatus according to the
present invention, the buffer prefer;bly is made up of a line
memory .

An address generating method according to the present
invention includes generating addresses for reading out picture
signals written in a picture memory based on synchraonization

signals, supplying picture signals read out from the picture

memory based on the addresses to the buffers, and independently



on the count operation of the H-counter 52 to count the vertical

synchroni zati on signals supplied thereto. After the Hcounter 52 and
the V-counter 53 have counted pre-set nunbers to set slicing positions,

t he .PCRTC 34 generates an address associated with a given pixel,

frame to

frame. Then, after counting a pre-set7nunber for setting the slicing
position, the PCRTC 34 generates an address associ ated wi th anot her
pi ct ur eeorfratl liigg dihec@icherkr atenplst ewepuwiatead rgdethp wif PHérs ado thact ur es

have been witten in the VRAM 18, an address associated wth the

r especttibge plicdunce sd@na liss syppédadetio wihéibuffers manlel perdisblayed on

a sole screen.

A picture displaying method according to the present

invention includes generating addresses for reading out picture

signals written in a picture memory based on synchronization

signals, supplying picture signals read out from the picture

memory based on the addresses to the buffers, independently

controlling the picture signals outputted by the buffers so that

the picture signals supplied to the buffers will be displayed on

a sole screen, and synthesizing the picture signals outputted by

the buffers for display.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a block diagram for illustrating a conventional

CRTC.

Fig.2 illustrates typical representation on a display of

video signals outputted via the CRTC.

Fig.3 illustrates a schematic structure of a video game

machine employing the present invention.

Fig.4 illustrates typical examples of a texture picture and

a target color in the picture displaying method according to the

present invention.

Fig.5 illustrates a PCRTC employing an address generating

apparatus according to the present invention.

Fig.6 illustrates the conceptual structure of the CRTC.



The VRAM 18 is configured so that picture data wll be sequentially
witten therein in the frame period. Each tinme the address is read out
fromthe PCRTC 34, the picture data associated with the supplied address
is read out and furnished to the PCRTC 34. After output-controlling
the supplied picture data for 8

Fig.7 illustrates typical representation of a display of
video signals outputted via PCRTC.

Fig.8 illustrates a specified structure of the PCRTC.

Fig.9 s a plan view of a video game machine employing the
present invention.

Fig.10 is a back side view of the video game machine.

Fig.11 is a side view of the video game machine.

Fig.12 is a plan view showing a CD-ROM loaded on the video
game machine.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to the drawings, preferred embodiments of the
present invention will be explained in detail.

The present invention is applied to a video game machine
configured as shown in Fig.3.

This video game machine is designed for reading out and
executing a video program stored in, for example, an optical
disc, for playing the game responsive to instructions from a
user, and is configured as shown in Fig.3.

That is, the video game machiné has two sorts of buses,
namely a main bus 1 and a sﬁb-bus 2.

The main bus 1 and the sub-bus 2 are interconnected via a
bus controller 186.

To the main bus 1 are connected a main central processing
unit (main CPU) 11, comprised of a micro—-processor, a main memory

12, comprised of an access memory (RAM), a main direct memory



17 _causing pre-set pictures to be displayed at pre-set positions on the
screen, the PCRTC 34 sends the picture data to the DDA converter 54, which
t hen converts the supplied picture data into analog signals to output
vi deo signal s. That is, the PCRTC 34 reads out picture data,
corresponding to plural pictures disppayed on a sole view ng screen, from
the VRAM 18, and output-controls the read-out picture data in order to
permit pteeas giosttnodsl eat t kmaihf OMHGR) r €80l W OMBEG o desoddirspldyedidonaa
screen. Meanwhi | e, the PCRTC 34 can seize picture data from outside
picture processing unit or graphic processing unit GPU 15. To
the sub-bus 2 are connected a subsidiary central processing unit
{(sub—CPU) 21, comprised of a random access memory {(RAM), a
subsidiary direct memory access controller (sub-DMAC) 23, a read-
only memory (ROM) 24, having stored therein programs, such as
operating systems, a sound processing unit (SPU) 25, a
communication controller or asynchronous transmission mode (ATM)
26, a subsidiary memory 27, an input device 28 and a CD-ROM
driver 30,

The bus controller 16 is a device on the man bus 1 for
executing the switching between the main bus 1 and the sub-bus
2 and is initially in an opened state.

The main CPU 11 is a device operated by a program on the
main memory 12. Since the bus controller 16 is initially in the
opened state during startup, the main CPU 11 reads out the boot
program from the ROM 214 on the sub-bus 2 and executes it to
reproduce the application program and necessary data from the CD-
ROM by the CD-ROM driver 30 for loading on the main memory 12 and
on devices on the sub-bus 2. On the main CPU 11 is loaded a
geometry transfer engine (GTE) 17 configured for performing
processing, such as coordinate transformation. The GTE 17 has a
parallel computing mechanism for parallel execution of plural

calculations and executes calculations such as coordinate

transformation, 1light source calculations, matrix or vector



to wite picture data in the VRAM 18. In addition, the PCRTC 34 can

gener ate addresses for reading out the picture data as other picture data,
as wWill be explained later in detail. The configuration of the CRTC
according to a first enbodinment will be expl ai ned. A PCRTC 34a
according to a first enbodi nent has plugral CRTC buffers, for displaying
plural pictures with different resolutions on one screen, and al so can
|ndepenﬁéhFP}aééﬁP§olaﬁhea CRighbusperd. respongpeeif teal FgaueRésPCRIC 34a

has a controll er éﬂural CRTC
calculatlons rom the main CPU 11. The main CPU 11 defines a

three~dimensional model as a combination of basic unitary figures
(polygons) such as triangles or quadrangles based on the results
of calculations by the GTE 17 to prepare instructions for
delineation corresponding to respective polygons for delineating
a three-dimensional picture. The main CPU 11 also packetizes the
instructions for delineation to send the instructions for
delineation as a command packet to the GPU 15.

The main DMAC 13 is a device on the main bus 1 for managing
DMA transfer of a device on the main bus 1. The main DMAC 15 has
a device on the sub-bus 2 as an object when the bus controller
18 is in an opened state.

‘The GPU 15 is a device on the main bus 1 functioning as a
rendering processor. This GPU 15 interprets the instructions for
delineation transmitted thereto as a command packet from the DMAC
13 to calculate the Z-value and the colors of all pixels making
up the polygon from color data of the apex points and the Z~
values specifying the depth. In addikion, the GPU 15 performs
rendering processing for writing the pixel data on a frame buffer
18 as a picture memory responsive to the Z-values.

The MDEC 14 is an I/0 connection device capable of operating
parallel to the CPU, and is a device on the main bus 1
functioning as the picture expanding engine. This MDEC 14 decodes

picture data encoded after orthogonal transform such as discrete



buffers 62a to 62g and a selective synthesis unit 63, as shown for exanple
in Fig.6. In the VRAM 18 are witten picture data wth different

resol utions, as shown in Fig.7. Once a pre-set nunber of the
Synchroni zation signals has been counted and the desired slicing position
has thereby been 11 18 set, the

controller 61 can lower the resolution if the high-
cosine transform.

The sub—CPU 21 is a device on the sub-bus 2 operating by a
program on the sub-memory 22.

The sub-DMAC 23 is a device on thg sub-bus 2 for managing
DMA transfer for the device on the sub—memory 22. This sub-DMAC
23 acquires rights for the bus only when the bus controller 18
is closed.

The SPU 25 is a device on the sub-bus 2 functioning as a
sound processor. This SPU 25 reads out and outputs sound source
data from the sound memory 29 responsive to the sound command
sent as a_command packet from the sub—CPU 21 or the sub-DMAC 23.

The ATM 28 is a device for communications on the sub-bus 2.

The subsidiary memory 27 is a data input/output device on
the sub-bus 2 and is made up of a non-volatile memory, such as
a flash memory. This subsidiary memory 27 transiently stores
data such as a game process or scores.

The input/output device 28 is an input device on the sub-bus
2 from other equipments, such as a control pad, man/machine
interface, such as a mouse, picture input or speech input.

In addition, the CD-ROM driver 30 is a data input device on
the sub-bus 2, and reproduces necessary data or application
programs from the CD-ROM.

That is, with the present video game machine, the geometric
processing system, performing geometric processing, such as

coordinate transformation, clipping or light source calculations,



resaluytion picture data has been seized in the VRAM 18 but the picture
data shoul d be displayed on a | owresolution screen. The PCRTC 34a
generates addresses for slicing a picture of low resolution stored in the
VRAM 18 in order to send the address to the VRAM 18. Wen the next slicing
posi tion has been set, the PCRTC 34a jgenerates addresses for slicing
anot her picture data of high resolution stored in the VRAM 18. I n
t he VRAlRI8nimg {inre¢-ehimpintivneldabdedd dova ramd indtdron arfd thiecuudéadat a of
hi gh resol ution displayed in one frane, as shown in Fig.7. Each tine an
addr essfigurgsni §nedvygpomla comtholas triangles or quadrangles, for
preparing instructions for delineation for delineating a three-
dimensional picture for transmitting the instructions for
delineation for respective polygons as a command packet on the
main bus 1, is made up of the main CPU 11 on the main bus 1 and
the GTE 17, while the rendering processing system for generating
pixel data for respective polygons based on the instructions for
delineation from the geometric processing system for writing in
the frame buffer 18 by way of rendering processing for writing
a figure on the frame buffer 18 is made up of the GPU 15.

The GPU 15 has a packet engine 31 which is connected to the
main bus 31 as shown in Fig.4 showing its basic structure, and
performs rendering processing of writing pixel data of the
respective pixels in the frame buffer 18 in accordance with the
instructions for delineation sent from the main CPU 11 or the
main DMAC 13 to the packet engine 31 as a command packet, while
reading out the pixel data of a picture delineated on the frame
buffer 18 for supplying the ﬁixel data as video signals via a
display controller or CRT controller 34 on a televison receiver
or a monitor receiver, not shown.

The packet engine 31 develops the command packet, sent from
the main CPU 11 or main DMAC 13 over the main bus 1 via the

packet engine 31 on a register, not shown.

The pre—-processor 32 also generates polygon data in



unit. 61, the picture data corresponding to the address is read out and
sent to a CRTC buffer 62. Simlarly to the picture data directly witten
in the VRAM 18, the picture data supplied from outside via a CRTC buffer
62g.is read out fromthe VRAM 18 by the address fromthe controller 61.
The CRTC buffer 62 is constituted by phgral CRTC buffers 62a to 62g, as
descri bed above, and is fed with and transiently stores picture data of
di f f er eicoogsigings onstbf tdief firsetucipiaar ésri keddaie adfi dnhes GRT Ctbuftiter s
62a to 62g. The CRTC buffers 62a to 62g are controlled independently by
t he contesKedr epgingr asseqeepnand | peckdte@ndheracessest Hds podyadre datat ure
dat a fronlgpe L

with pre—~set pre—processing such as division of polygons as later
explained, while generating various data, such as the information
on the coordinates of apex points of each polygon, the address
information on the texture or mip map texture or the control
information for .the pixel interleaving, as required by the
delineation engine 33.

In addition, the delineation engine 33 includes N polygon
engines 33A1, 33A2, ...33AN, connected to the pre-processor 32,
N texture engines 33B1, 33B2, ...33BN, connected to the polygon
engines 33Al1, 33A2, ...33AN, a sole bus switcher 33C, connected
to the texture engines 33B1, 33B2, ...33BN, M pixel engines
33D1, 33D2, ...33DM, connected to the first bus switcher 33C,
a second bus switcher 33E, connected to the pixel engines 33D1,
33D2, ...33DM,

a texture cache 33F connected to the second bus switcher 33E,
and a CLUT cache 33G connected to the texture cache 33F.

In the delineating engine 33, the N polygon engines 33A1,
33A2, ...33AN perform polygon-based shading processing, by
parallel processing, on polygons sequentially produced responsive
to the delineating instructions based on polygon data pre-
processed by the pre-processor 32.

The N texture engines 33B1, 33B2, ...33BN perform texture

mapping or mip mapping by parallel processing on texture data



-

horizqntal scanning line to another. This pernité the PCRTC 34a to display

pictures of different resolutions fromone scanning line to another, as in
t he” case of the display representation

19 .shown in Fig.7. On the other hand, the CRTC buffer 62g of the
CRTC buffer 14

supplied thereto from the texture cache 33F via color lookup
table (CLUT) cache 33G for each polygon generated by the polygon
engines 33A1, 33A2, ...33AN.

- It is noted that the address information of the texture or
mip map texture bonded to the polygon processed by the N texture
engines 33B1, 33B2, ...33BN is supplied in advance from the pre-—
processor 32 to the texture cache 33F, and the texture data as
required is transferred from the texture area on the frame buffer
18 based on the above-mentioned address information. To the
CLUT cache 33G are supplied CLUT data to be referred to at the
time of texture delineation is transmitted from the CLUT area on
the frame buffer 18.

The polygon datsa, processed with texture mapping or mip
mapping by the above-mentioned texture engines 33Bl, 33B2,
...33BN, is transferred via the first bus switcher 33C to the M
pixel engines 33D1, 33D2, ...33DM.

The M pixel engines 33D1, 33D2, ...33DM perform various
picture processing operations, such as Z-buffer processing or
anti-aliasing, by parallel processing,.to generate M pixel data.

The M pixel data, generated by the M pixel engines 33D1,
33D2, ...33DM, are written in the frame buffer 18 via second bus
switcher 33E.

The second bus switcher 33E is fed with the control
information on pixel interleaving from the pre—processor 32. The

second bus switcher 33E has the function of selecting L of M



62 has_ bidirectional functions. That is, the CRTC buffer 62g can seize

pi cture data supplied fromoutside and transmt the seized picture data to
the VRAM 18. When fed with an address fromthe controller 61, the VRAM 18
can .read out picture data seized simlarly to other picture data. The
picture data, thus read out, is suppligd via a CRTC 62g to the selection
synthesis unit 63. The sel ection synthesis unit 63 has a selector 64
for selpd&silndasapgenedapedt by et atM,p i edo @hfgii@iesnt3 30dnt r GI3DE ,r c.ui 133086,

and a filter 66, and respective picture data are supplied via CRTC buffers
62a to B2§edoophéhee| ebrye-@4ntioned Thatselledndorétsenedior wrd tsugpM ed

picturepﬂgg%,dgggegt a time with the M storage locations in meeting with
the shape of the polygon delineated on the frame buffer 18 as
accessing units by way of performing the pixel interleaving.

The delineating engine 33 generates all pixel data of each
polygon to write the generated pixel data on the frame buffer 18
based on the polygon data pre-processed by the pre-processor 32
in order to write on the frame buffer 18 the picture defined as
the combination of polygons by the above—mentioned delineation
instructions. The delineating engine 33 also reads out the pixel
data of the picture delineated on the frame buffer 18 in order
to send the read-out pixel data via a programmable cathode ray
tube controller (PCRTC) 34 as &ideo signals to a television
receiver or a monitor receiver, not shown.

The PCRTC 34 reads out picture data written on the frame
buffer 18 in accordance with synchronization signals for
displaying not only plural pictures on a sole screen but also
picture data seized from outside. ’

That is, the PCRTC 34 generates pre—-set addresses from the
horizontal synchronization signals and the vertical
synchronization signals from the synchronization signal
generating circuit 51 based on count values from an H-counter 52

and a V-counter 53 as shown in Fig.5. The PCRTC 34 reads out

picture data from the VRAM 18, based on the above addresses. The



contrql by the controller 61, and sends only pre-set picture data to the
filter 66. When fed with pre-set picture data fromthe sel ector 64,
the coefficient control circuit 65 nodifies part of paraneters of the
picture data, based on the results of calculations by the control wunit 61
or multiplies part or all of paraneterggof the picture data sent to the
filter 66 wth al pha-val ues representing opacity of the object. The
filter ®8csymehdstaesrehesuppppbiiedThecPCRECdattacbatrolspthesypntbasitiag
picture data. The output synthesized picture

of the picture data to output video signals via D/A converter 54.

Specifically, the synchronization signal generating circuit
51 generates the horizontal synchronization signals and the
vertical synchronization signals and sends the signals to the H-
counter 52 and the V-counter 53, respectively.

The H-counter 52 counts the horizontal synchronization
signals supplied thereto, while the V-counter 53 is driven based
on the count operation of the H-counter 52 to count the vertical
synchronization signals supplied thereto.

After the H-counter 52 and the V-counter 53 have counted
pre—-set numbers to set slicing positions, the PCRTC 34 generates
an address associated with a given pixel, frame to frame. Then,
after counting a pre-set number for setting the slicing position,
the PCRTC 34 generates an address associated with another
picture. That is, since one—frame picture data made up of plural
pictures have been written in the VRAM 18, an address associated
with the respective picture data is generated within one frame
period.

The VRAM 18 is configured so that picture data will be
sequentially written therein in the frame period. Each time the
address is read out from the PCRTC 34, the picture data
associated with the supplied address is read out and furnished

to the PCRTC 34.

After odtput—controlling the supplied picture data for



-data are converted by the D/A converter into analog video signals. Wth
t he anal og video signals, plural pictures can be
2Q," di splayed on a display screen, as shown in Fig.7. The
configuration of the CRTC of a second enbodiment is now explained. 1In the
foll owi ng description, the sanme referience nunerals as those used in the
first enbodi nent are used to depict
causing pre—-set pictures to be displayed at pre—set positions on
the screen, the PCRTC 34 sends the picture data to the D/A
converter 54, which then converts the supplied picture data into
analog signals to output video signals.

That is, the PCRTC 34 reads out picture data, corresponding
to plural pictures displayed on a sole viewing screen, from the
VRAM 18, and output-controls the read—out picture data in order
to permit plural pictures with different resolutions to be
displayed on a screen.

Meanwhile, the PCRTC 34 can seize picture data from outside
to write picture data in the VRAM 18. In addition, the PCRTC 34
can generate addresses for reading out the picture data as other
picture data, as will be explained later in detail.

The configuration of the CRTC according to a first
embodiment will be explained.

A PCRTC 34a according to a first embodiment has plural CRTC
buffers, for displaying plural pictures with different
resolutions on one screen, and also can independently control the
CRTC 5uffers. |

Specifically, the PCRTC 34a has a controller 61, plural CRTC
buffers 62a to 62g and a selective synthesis unit_63, as shown
for example in Fig.8. In the VRAM 18 are written picture data
with different resolutions, as shown in Fig.7.

Once a pre—set number of the synchronization signals has

been counted and the desired slicing position has thereby been



sim/lar conponents. Wth a PCRTC 34b of the second enbodi ment, having
a line buffer in place of the CRTC buffer as shown in Fig.8,
rept esentation may be made in a sinilar manner by independently
controlling these line buffers. The PCRTC 34b includes a controller 71, a
control programunit 72, a control register 73, cache nenories 74a, 74b,
line buffers 75a to 75b and a selection synthesis unit 63. The
cont rol $8f, 7t heodtdnteno ke mnéiercanoflgeet bhepresoistidat a fasthat bigh-
expl ai ned or executes cal cul ati ons for al pha-val ues
resolution picture data has been seized in the VRAM 18 but the
picture data should be displayed on a low—resolution screen. The
PCRTC 34a generates addresses for slicing a picture of low
resolution stored in the VRAM 18 in order to send the address to
the VRAM 18. When the next slicing position has been set, the
PCRTC 34a generates addresses for slicing another picture data
of high resolution stored in the VRAM 18.

In the VRAM 18 are written picture data of low resolution
and picture data of high resolution displayed in one frame, as
shown in Fig.7. Each time an address is furnished from a control
unit 61, the picture data corresponding to the address is read
out and sent to a CRTC buffer 62. Similarly to the picture data
directly written in the VRAM 18, the picture data supplied from
outside via a CRTC buffer 62g is read out from the VRAM 18 by the
address from the controller 61.

The CRTC buffer 62 is constituted by plural CRTC buffers 62a
to 62g, as described above, and is fed with and transiently
stores picture data of different resolutions of different
pictures in each of the CRTC buffers 62a to 62g. The CRTC buffers
82a to 82g are controlled independently by the controller 61 for
sequentially selecting and synthesizing the picture data from one
horizontal scanning line to another.- This permits the PCRTC 34a

to display pictures of different resolutions from one scanning

line to another, as in the case of the display representation



based on a programstored in the control program 72. The controller 71
génerates an address to be supplied to the VRAM 18 via control register
73 while controlling the cache nenory 74, |line buffer 75 and the
sel ection synthesis unit 63. The VRAM 18 is responsive to the
supplied address to read out-pictureigata. The read-out picture data is
supplied via line buffers 75a to 75d to the selection synthesis unit 63.
The |i nghowmf f2rF78d7is a bi-directional |ine buffer and can seize picture
data supplied fromoutside to send the picture data to the VRAM 18. The
VRAM 18 can 9ni tbepiodtere hadanda fthemIRTG idef fsupig exf the CRTR baffer 75d,
and read out the picture data, based on the
62 has bidirectional functions. That is, the CRTC buffer 62g can
seize picture data supplied from outside and transmit the seized
picture data to the VRAM 18. When fed with an address from the
controller 61, the VRAM 18 can read out picture data seized
similarly to other picture data. The picture data, thus read out,
is supplied via a CRTC 62g to the selection synthesis unit 63.

The selection synthesis unit 63 has a selector 64 for
selecting supplied picture data, a coefficient control circuit
65, and a filter 66, and respective picture data are supplied via
CRTC buffers 62a to 62g to the selector 64.

The selector 64 selects the supplied picture data, under
control by the controller 61, and sends only pre-set picture data
to the filter 66.

When fed with pre—set picture data from the selector 64, the
coefficient control circuit 65 modifies part of parameters of the
picture data, based on the results of calculations by the control
unit 61, or multiplies part or all of parameters of the picture
data sent to the filter 66 with alpha—values representing opacity
of the object.

The filter 88 synthesizes the supplied picture data to
output synthesized picture data. The output synthesized picture

data are converted by the D/A converter into analog video

signals. With the analog video signals, plural pictures can be



address fromthe controller, as other picture data. The VRAM 18 al so sends
the picture data to the cache nenories 74a, 74b. The cache nenori es
7§§; 74b are each made up of plural nenories and can wite supplied
picture data. The cache nenories 74a, 74b read out picture data, under
control by the controller 20

displayed on a display screen, as shown in Fig.7.

The configuration'of the CRTC of a second embodiment is now
explained. In the following description, the same reference
numerals as those used in the first embodiment are used to depict
similar components.

With a PCRTC 34b of the second embodiment, having a line
buffer in place of the CRTC buffer as shown in Fig.8,
representation may be made in a similar manner by independently
controlling these line buffers. The PCRTC 34b includes a
controller 71, a control program unit 72, a control register 73,
cacﬁe memories 74a, 74b, line buffers 75a to 75b and a selection
synthesis unit 63.

The controller 71 modifies parameters of part of picture
data as later explained or executes calculations_for alpha—-values
based on a program stored in the control program 72. The
controller 71 generates an address to be supplied to the VRAM 18
via control registef 73, while controlling the cache'memory 74,
line buffer 75 and the selection synthesis unit 63.

The VRAM 18 is responsive to thé supplied address to read
out—picture data. The read—dut picture data is supplied via line
buffers 75a to 75d to the selection synthesis unit 83. The line
buffer 75d is a bi-directional line buffer and can seize picture
data supplied from outside to send the picture data to the VRAM
18. The VRAM 18 éan write picture data from outside, supplied

via line buffer 75d, and read out the picture data, based on the



71, ;and transmts the picture data to the selection synthesis wunit 63.

e selection synthesis unit 63 nodifies paraneters of part of the
su@blied picture data or nultiplies part or all of the parameters of the
picture data with al pha-values representing the opacity of the object.
The sel ection synthesis unit 63 then zglects the supplied picture data to
synt hesi ze the selected picture data. The synthesized are converted by a

D A coneéﬁreﬁs fﬁ% Herl erp stk s, a& pitheal pipturet Hetanal BhepVBAYr 4 8dat a
can Slspla in a tiled fashion on the display screen. The PCRTC 34b
can conF FBuF& § FoGueticoiition Intaddet ithe coshe mpmesdess T4a, T4b.

The cache memories T74a, 74b are each made up of plural
memories and can write supplied picture data. The cache memories
74a, 74b read out picture data, under control by the controller
71, and transmits the picture data to the selection synthesis
unit 63.

The selection synthesis unit 63 modifies parameters of part
of the supplied picture data or multiplies part or all of the
parameters of the picture data with alpha-values representing the
opacity of the object. The selection synthesis unit 83 then
selects the supplied picture data to synthesize the selected
picture data. The synthesized are converted by a D/A converter
into analog signals. A plurality of the analog picture data can
be displayed in a tiled fashion on the display screen. The PCRTC
34b can contribute to reduction in production costs by use of
line buffers 75a to 75d in place of the CRTC buffer.

In addition, since picture data read out from the VRAM 18
is supplied to the PCRTC 34b and plural picture data can be
independently output—controlled via line buffers 75a to 75d,
plural pictures can be displayed on a sole display screen.

Moreover, with the PCRTC 34b, since the external picture
data can be seized by the bidirectional line buffer 75d and
written in the VRAM, if a pre—set address is generated by the

controller, the seized picture data is read out from the VRAM 18



1ine buffers 75a to 75d in place of the CRTC buffer. I n addition
since picture data read out fromthe VRAM 18 is supplied to the PCRTC 34b
and plural picture data can be independently output-controlled via |line
buffers 75a to 75d, plural pictures can be displayed on a sole display
screen. Moreover, with the PCRTG434b, since the external picture

data can be seized by the bidirectional |ine buffer 75d and witten in the

VRAM i hsaopmersedidfiifesgats. JeAekakadbll¥st e PORTMIILAT ndtecntyzed
picture data is read out fremthe VRAM 18
display plural pictures on a display screen, but also to seize
and display a picture from outside.

The video game machine embodying the present invention is
configured as shown for example in a plan view of Fig.9, a front
view of Fig.10 and a side view of Fig.1l. |

That is, a video game machine Zbl, shown in Fig.9, is
basically made up of a main body portion 202, and an operating
unit 217 connected to the main body portion 202 via a cable 227.
A disc loading unit 203 is provided at a mid portion of the upper
surface of the main body portion 202 and a CD~ROM 251 shown in
Fig.12 is loaded in the inside of the unit 203. On the left side
of the disc loading unit 203 are provided a power source switch
205 actuated for turning the power source of the apparatus on or
off, and a reset switch 204 for temporarily resetting the game.
On the.right side of the disc loading unit 203 is provided a disc
actuating switch 206 actuated when lcading or unloading the CD-
ROM 251 to the disc loading unit 203.

On the front side of the main body portion 202 are provided
connecting portions Zb?A,' 207B, as shown in Fig.10. These
connecting portions 207A, 207B are provided with a connecting
terminal 226 at a foremost part of a cable 227 led out from the
terminal inserting portion 217, a connection terminal inserting

portion 212 for connection to a recording unit 228 such as a

memory card, and a recording inserting unit 208. That is, two



22 as other picture data. This enables the PCRTC 34b not only to display
pfural pictures on a display screen, but also to seize and display a

pilgfure from outsi de. The vi deo gane machi ne enbodyi ng the present
invention is configured as shown for exanple in a plan view of Fig.9, a
front view of Fig.10 and a side viewsaf Fig.1ll. That is, a video

gane nmachi ne 201, shown in Fig.9, is
actuating units 217 and two recording units 228 can be connected

to the main body portion 202.

The front view of Fig.10 shows the state in which the
connection terminal 226 and.th; recording unit 228 are connected
to the right side connection portion 207B, while none of the
connection terminal 228 or the recording unit 228 is loaded on
the left side connection portion 207A. Referring to Fig.10, a
shutter 209 is provided on the recording inserting unit 208, so
that, when the recording unit 228 is Ioaded on the main body
portion 202, the shutter 209 is pushed inwards by the distal end
of the recording unit 228 for loading the recording unit 228.

A grip part 231A of the connection terminal 226 and a grip
part 242A of the recording unit 228 are processed for anti-
slipping, such as by knurling. The length of the connection
terminal 226 and that of the recording unit 228 are selected to
be substantially of the same value, as shown in a side view of
Fig.11.

The operating unit 27 has supporting portions 220, 221
gripped by left and right hands. ‘The distal ends of the
supporting portions 220, 221 are provided with actuating portions
218, 219. The operating portions 224 ,225 can be operated by an
index finger of left or right hand, while the operating portions
218, 219 can be operated with a thumb of the left or right hand.

A selection switch 222 actuated when performing a selecting

operation during the game and a start switch 223 actuated when



-basically made up of a main body portion 202, and an operating wunit 217
~connectted to the main body portion 202 via a cable 227. A disc |oading

u T 203 is provided at a md portion of the upper surface of the main
‘body portion 202 and a CD-ROM 251 shown in Fig.12 is |loaded in the inside
of the unit 203. On the left side of 2yhe disc |oading unit 203 are

provi ded a power source switch 205 actuated for turning the power source
of the sippatmg@istba gameofdre aprbaidedebetwpenhtnes sicduatdmereettions
resetting the gane. On the right side of the disc |oading unit 203 is
provi dedil&, d#5%. actuating switch 206 actuated when | oading or unl oadi ng

the CD
With the present video game machine 201, the CD-ROM 251

loaded on the disc loading unit 203 is reproduced by the above-
mentioned CD-ROM driver 30. The actuating unit 217 is equivalent
to the input device 28, while the recording device 228 is
equivélent to the subsidiary memory 27.

With the above—described address generating apparatus, pre-—
set addresses are generated based on the synchronization signals
so that picture data written in the field memory are sequentially
read out. The picture data thus read out are sent to plural line
buffers in the address generating apparatus. Therefore, the
address generating apparatus independently controls the outputs
of the respective picture data via each line buffer so that
plural pictures can be displayed on one and the same screen.

Also, with the above—-described address generating
apparatus, at least one of the plural line buffers can seize
picture data from outside for writing on the field memory, so
that, when a pre-set address is prodhced, picture data seized
from outside is read out from the field memory, as other picture
data. Therefore, the address generating apparatus can read out
a picture seized from cutside in the same way as the picture data
written in the picture memory, thus enabling plural pictures to

be displayed on the same screen.

With the above—described picture displaying apparatus, pre-



‘ROM 251 to the disc loading unit 203. On the front side of the mmin
de portion 202 are provided connecting portions 207A, 207B, as
shdwn in Fig.10. These connecting portions 207A, 207B are provided with
a connecting termnal 226 at a forenost part of a cable 227 | ed out from
the termnal inserting portion 217, gsgonnection termnal inserting
portion 212 for connection to a recording unit 228 such as a nenory card,
and a reebraddressseratn@aminat2ddbadkdt onstheweynchronization signals
so that picture data written in the field memory are sequentially
read out. The picture data thus read out are sent to plural line
buffers in the address generating apparatus. Therefore, the
picture displaying apparatus independently controls the outputs
of the respective picture data via each line buffer to produce
video signals so that plural pictures can be displayed on one and
the same screen.

Also, with the picture displaying apparatus, at least one
of the plural line buffers can seize picture data from outside
for writing on the field memory, so that, when a pre—-set address
is produced, picture data seized from outside is read out from
the field memory, as other picture data. Therefore, the picture
displaying apparatus can read out a picture seized from outside
in the same way as the picture data written in the picture memory
to output video signals, thus enabling plural pictures to be
displayed on the same screen.

With the above-described picture displaying apparatus, since
the control means is program—-controlled, it becomes possible to
display a clear picture by partially modifying parameters of
picture data or by making calculations of alpha-values.

Moreover, with the above-described picture displaying
apparatus, plural pictures of the same sort can be displayed on

the same screen by writing picture signals by the cache memory

and by sequentially read-~out controlling picture signals written



23 _ actuating units 217 and two recording units 228 can be connected to

t he smain body portion 202. The front view of Fig.10 shows the state in
whi€h the connection terminal 226 and the recordi ng unit 228 are connected
to the right side connection portion 207B, while none of the connection
term nal 226 or the recording unit 228 4¢ | oaded on the left side
connection portion 207A. Referring to Fig.10, a shutter 209 is provided on
the recotBi EBei figehei memanyt be08hescontrolling means.



that, when the recording unit 228 is |oaded on the main body portion 202,
tﬁp.sﬁutter 209 is pushed inwards by the distal end of the recording unit

228 for |oading the recording unit 228. A grip part 231A of the
connection termnal 226 and a grip part 242A of the recording unit 228 are
processed for anti- slipping, such assy knurling. The length of the

connection termnal 226 and that of the recording unit 228 are selected to
be substantially of the same val ue, aamfpown in a side view of Fig.1l1.

The operating unit 27 has supporting portions 220, 221 gripped by left and
ri ght hands.AThaddrssal gendsabfinghepparatus comprising:

address génerating means for generating addresses for
reading out picture signals written in a picture memory based on
synchronization signals;

a plurality of buffers respectively supplied with picture
signals read out from said picture memory based on said
addresses; and

controlling means for independently controlling the picture
signals outputted by said buffers so that the picture signals
supplied to said buffers. will be displayed on a sole screen.

2. The address generating apparatus as clgimed in claim 1
wherein at least one éf said buffers. seizes picture signals
supplied from outside to route the seized picture signals to said
picture memory.

3. A picture displaying apparatus comprising:

address producing means having address generating means for
generating addresses for reading out picture signals written in
a picture memory based on synchronization signals, a plurality
of buffers respectively supplied with picture signals read out
from said picture memory based on said addresses, and controlling
means for independently controlling the picture signals outputted
by said buffers so that the picture signals supplied to said
buffers will be displayed on a sole screen; and

synthesizing means for synthesizing picture signals

ey



-supporting portions 220, 221 are provided with actuating portions 218,
219. The operating portions 224 ,225 can be operated by an index finger of
| et or right hand, while the operating portions 218, 219 can be operated
with a thunb of the Ieft or right hand. A sel ection switch 222
actuated when performng a selecting 2gperation during the gane and a start

switch 223 actuated when

outputted by said buffers.
4. ' The picture displaying apparatus as claimed in claim 3
wherein at least one of said buffers seizes picture signals
supplied from outside to route the seized picture signals to said
picture memory.
5. The picture displaying apparatus as claimed in claim 3
wherein said synthesizing means is program—controlled based on
pre—set calculations by said control means.
6. The picture displaying apparatus as claimed in claim 3
further comprising one or more cache memories fed with picture
signals read out from said picture memory;

said cache memory writing supplied picture signals;

said controi means sequentially read—out controlling the
picture signals written in said cache memory for causing a
plurality of pictures of the same sorﬁ to be displayed on a sole
screen..
7. The picture displaying apparatus as claimed in claim 3
wherein said buffer is made up of a line memory.
8. An address generating method comprising:

generating addresses for reading out picture signals written
in a picture memory based on synchronization signals;

supplying picture signals read out from said picture memory
based on said addresses to said buffers; and

independently controlling the picture signals outputted by

said buffers so that the picture signals supplied to said buffers

L]



24 starting the gane are provided between the actuating portions 218,
219. .~ Wth the present video ganme machi ne 201, the CD-ROM 251 | oaded
on.fhe disc loading unit 203 is reproduced by the above- nentioned CD ROM
‘driver 30. The actuating unit 217 is equivalent to the input device 28,
while the recording device 228 is equpyal ent to the subsidiary nenory 27.
Wth the above-descri bed address generating apparatus, pre- set addresses
are generidtletbdabiexplnyddieos VY i gadd&m, Signals so that picture data

witten in the field nmenory are sequentially

9. A picture displaying method comprising:

generating addre;ses for reading out picture signals written
in a picture memory based on synchronization signals;

supplying picture signals read out from said picture memory
based on said addresses to said buffers;

independently controlling the picture signals outputted by
said buffers so that the picture signals supplied to said buffers
will be displayed on a sole screen; and

synthesizing the picture signals outputted by said buffers

for display.



Tead out. The picture data thus read out are sent to plural line buffers
i-n. the® address generating apparatus. Therefore, the address generating
apgfar at us i ndependently controls the outputs of the respective picture
data via each line buffer so that plural pictures can be displayed on one
and the sanme screen. Al'so, wthgthe above-described address
generating apparatus, at |east one of the plural |line buffers can seize
picture data fromoutside for witiABSTRAQThe field nenory, so that, when a
pre-set address is produced, picture data seized fromoutside is read out
fromthe fiePédchenerydates oeddroptctfimom a VRAM 18 are sent via line

buffers 75a to 75d to a selection synthesis unit 63. The line

buffer 75d seizes picture data supplied from outside for sending

the seized picture data to the VRAM 18. The VRAM 18 can write

the picture data from outside supplied via the line buffer 754

and read out the picture data based on addresses from a

controller in the same way as other picture data. On the other

hand, cache memories 74a and 74b can read out picture data under

control by the controller 71 to display plural pictures in a

tiled pattern on a display screen.



data- Therefore, the address generating apparatus can read out a picture
seiged fromoutside in the sane way as the picture data witten in the

pi cture nmenory, thus enabling plural pictures to be displayed on the sane
screen. Wth the above-descri bed picture displaying apparatus, pre-
25 set addresses are generated based on the synchronization signals
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50 that picture data witten in the field nmenory are sequentially
. The picture data thus read out are sent to plural
address generating apparatus. Therefore, the

out .

i ndependently controls th

e outputs

read
line buffers in the
pi cture displ ayi ng appar at us

of the respective picture data via each

line buffer to produce
di spl ayed on one and
di spl ayi ng appar at us,

pi cture data from outside

pre-set address

video signals so that plura

pi ctures can be

t he sane screen.

Al so,

with the picture

at |east one of the plural line buffers can seize
for witing on the field nmenory, so that, when a
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i's produced, picture data seized fromoutside is read out from the field
menory, as other picture data. Therefore, the picture displaying apparatus
can read out a picture seized fromoutside in the sane way as the picture
data witten in the picture nmenory to output video signals, thus enabling
plural pictures to be displayed on the same screen. Wth the
above-descri bed picture displaying apparatus, since the control neans is
programcontrolled, it becones possible to display a clear picture by
partially nodifying parameters of picture data or by making cal cul ati ons

of al pha-val ues. Moreover, with the above-described picture displaying
13 17 42
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appar at us,

pl ural
screen by witing picture signals by the cache nenory

reafl-out controlling picture signals witten
26 Ln the cache nenory by the controlling neans.
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27 . | CLAIMS 1. An address generating apparatus

conpri si ng: address generating neans for generating addresses
for™ reading out picture signals witten in a picture nenory based on
synehroni zati on signal s; a plurality of buffers respectively supplied

wWith picture signals read out fromsaid picture nenory based on said
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addr esses; and controlling neans for independently controlling the
picture signals outputted by said buffers so that the picture signals
supplied to said buffers. will be displayed on a sole screen. 2. The
address generating apparatus as clained in claiml wherein at |east one of
said buffers seizes picture signals supplied fromoutside to route the

sei zed picture signals to said picture nmenory. 3. A picture displaying
apparatus conpri sing: addr ess produci ng nmeans havi ng address
generating nmeans for generating addresses for reading out picture signals
witten in
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a pigture nenory based on synchroni zation signals, a plurality of buffers
respectively supplied with picture signals read out fromsaid picture
memdry based on said addresses, and controlling means for independently
controlling the picture signals outputted by said buffers so that the
picture signals supplied to said buffers will be displayed on a sole
screen; and synt hesi zi ng neans for synthesizing picture signals

FIG.7
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28 outputted by said buffers. 4. The picture displaying apparatus as
claimed in claim3 wherein at | east one of said buffers seizes picture
sighals supplied fromoutside to route the seized picture signals to said

pi cture nmenory. 5. The picture displaying apparatus as clainmed in claim
3 wherein said synthesizing nmeans is programcontrol |l ed based on pre-set
cal cul ations by said control neans. 6. The picture displaying apparatus

as clainmed in claim3
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further conprising one or nore cache nenories fed with picture signals
read out fromsaid picture nenory; said cache nenory witing supplied
pi CBure signals; said control neans sequentially read-out controlling
thes picture signals witten in said cache nenmory for causing a plurality
of pictures of the sane sort to be displayed on a sole screen. 7. The

pi cture displaying apparatus as clainmed in claim3 .wherein said buffer is
made up of a line nenory. 8. An address generating nethod conprising:
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Yenerating addresses for reading out picture signals witten in a picture
Trenory based on synchroni zation signals; supplying picture signals

read out fromsaid picture menory based on said addresses to said buffers
ande

i ndependently controlling the picture signals outputted by said
buffers so that the picture signals supplied to said buffers
29
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W ll be displayed on a sole screen. 9. A picture displaying nethod

o) 5ri sing: generating addresses for reading out picture signals
witten in a picture nmenory based on synchroni zation signals;

supl ying picture signals read out fromsaid picture nenory based on said

addresses to said buffers; I ndependently controlling the picture
signals outputted by said buffers so that the picture signals supplied to
said buffers wll be displayed on a sole screen; and synt hesi zi ng

the picture signals outputted by said buffers
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(87) Abstract

The image data tead out from a VRAM (18) are supplied
1o a selection synthesis section (63) through line buffers (75a to
75d). The line buffer (75d) stores the image data supplied from
outside and supplies this image data to the VRAM (18). The
VRAM (18) writes the image data supplied from outside
through the line buffer (75d) and reads out this image data on
the basis of the addresses from a control section in the same
way as other image data. Cache memorics (74a and 74b) read
out the image data under the control of the control section {71)
and display a plurafity of tile-like images on the screen of a
display.
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